
H
od

•
Jovanovic

D
i R

enzo • D
e Leiva •

Langer

9 780415 426206www.informahealthcare.com

Textb
o

o
k o

f
D

iab
etes

and
P

reg
nancy

Edited by
Moshe Hod MD
Professor, Helen Schneider Hospital for Women, 
Rabin Medical Center, Petah-Tiqva, Israel

Lois Jovanovic MD
CEO and Chief Scientific Officer, 
Sansum Diabetes Research Institute, Santa Barbara, CA, USA

Gian Carlo Di Renzo MD PhD
Professor, Center of Perinatal and Reproductive Medicine, 
University of Perugia, Italy

Alberto de Leiva MD PhD HE
Director, Endocrinology, Diabetes and Nutrition, 
Hôspital de la Santa Creu i Sant Pau, Barcelona, Spain

Oded Langer MD PhD
Babcock Professor and Chairman, Obstetrics and Gynecology
St. Luke’s-Roosevelt Hospital Center, New York, NY, USA

Babies of women with diabetes are nearly five times more likely to be stillborn; are almost three times more
likely to die in the first three months; and twice as many are born with major congenital malformations. The
incidence is high – somewhere between 3 and 7 per cent of all pregnant women in the USA have diabetes
– and rising; the condition is often complicated by other risk-factors such as obesity and heart disease.

This major book gives a comprehensive review of the epidemiology, science and clinical management of
gestation diabetes. Fully updated and revised, it contains new chapters on: Fetal growth in normal and
diabetic pregnancies; Genetics; Congenital anomalies; Exercise; Pharmacological management; Insulin
pump therapy; Hypoglycemia; The role of ultrasound for timing of delivery; Thyroid and pregnancy; Fetal
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xv

Foreword

The first edition of the Textbook of Diabetes and Pregnancy, edited by M. Hod and colleagues, was published five years ago.
At that time, I mused about the uncertainty that yet another textbook on a well-established topic of clinical activity and research
would be successful. The record of widespread circulation of the text speaks for itself, encouraging the preparation of the second
edition that is now a reality.

There is a long history of collegiality among leaders in the field of diabetes and pregnancy. Reflecting this, the editor, M. Hod,
is from Israel and he assembled a team of co-editors from three additional countries, the USA, Italy, and Spain. The more than
60 additional authors that contributed to the first edition were from equally diverse backgrounds, fields of expertise, and insti-
tutional and national affiliations. Likewise, the content of the volume was comprehensive and provided great depth in coverage
of the field.

My assessment of the second edition is that it offers more of the same with improvements. The same group of editors has
expanded the topics that were covered initially while retaining the excellent focus of the first edition. More than 100 authors 
have contributed to the 64 chapters of this edition. The Table of Contents now lists 5 chapters that deal with special issues 
that diabetes or gestational diabetes present in specific regions of the world, or in countries where rapid increases in chronic 
diseases (obesity, diabetes, cardiovascular disease) are occurring. In recognition of the challenges that attaining and sustaining
“normalization” of glycemic control present in the management of Type 1 diabetes, and in anticipation of the availability of tools
to address those challenges, chapters have been added that focus on the use of insulin pumps, the potential use of an “artificial
pancreas” for treatment of diabetes during pregnancy, and the major impact of hypoglycemia. New chapters have also been added
on key topics that are emerging, or projected to be of importance in the near future, e.g., genetics, infertility, electronic collec-
tion, management and application of health information.

In my opinion, the prospects are excellent for continued success with the second edition because of the forward-looking
approach that Professor Hod and co-editors have adopted. I am confident that the second edition of Hod’s Textbook of Diabetes
and Pregnancy will continue to be a major resource for clinicians and investigators in the field of diabetes and pregnancy.

Boyd E. Metzger MD
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Preface

The field of diabetes and pregnancy has come of age. From the
conception of the terminology ‘gestational diabetes’ and 
‘diabetes in pregnancy’ to the creation of an entire subspe-
cialty, this textbook documents the ‘gestation’ of the field. Now
we have even subdivided the field and have created subspecialists
in gestational diabetes, and pregestational or diabetes in preg-
nancy, Type 1 and Type 2. In fact we have created our own
internal debating groups as to the correct terminology for
each type of diabetes and its impact on pregnancy and the
pregnancy’s impact on the type of diabetes. It is a great honor
to be on the team of editors who have sought out the most cre-
ative and progressive of scientists, and learned from them the
latest techniques and opinions as to the optimal management
of all types of diabetes in pregnancy.

This textbook not only documents the past 80 years of
progress in the field of diabetes and pregnancy, but also pres-
ents the most up-to-date tools, techniques and management
protocols to ensure the optimal outcome of pregnancies com-
plicated by diabetes. In addition, the areas that remain contro-
versial are discussed in detail to enable the reader to come to
an opinion while waiting for the evidence to validate many of
the expert opinions presented in this book. A scan of the table
of contents shows that every area in the field of diabetes and
pregnancy has been covered. After a retrospective and histori-
cal perspective this textbook covers both gestational diabetes
and the Type 1 and Type 2 diabetic woman who becomes
pregnant. There are four chapters devoted to the history writ-
ten by giants in the field who have had the opportunity to sit
at the feet of the pioneers in our field: the great Drs Priscilla
White, Norbert Freinkel, John O’Sullivan and Jørgen
Pedersen. The authors of each of the subsequent chapters are
world renowned. Thus if there is not the highest level of
evidence-based literature to substantiate an opinion, the
expert presents the data upon which a decision can be made
about optimal care.

The most controversial topic today in the field of diabetes
and pregnancy is in the area of screening and diagnosis. Here
the evidence to date is presented and the justification for 
a multi-national, multi-center clinical trial to elucidate the
optimal methods for screening and diagnosis are presented.
In addition, the pure physiology of normal metabolism in
pregnancy and the pathophysiology of diabetes in pregnancy
are discussed in detail. These chapters set the stage for deriving

the optimal therapy for the pregnant diabetic women and 
creating the algorithms that most closely mimic the normal
physiology and metabolism of pregnancy.

The chapters devoted to malformations, placental pathology
and defects of growth and development of the fetus are the
strongest discussions to date in our understanding of diabetic
fetopathy and teratogenesis. Based on this literature the reader
will be motivated to learn the difficult protocols to achieve
and maintain normoglycemia before, during and in-between
all pregnancies complicated by diabetes.

The Textbook of Diabetes and Pregnancy also includes the
latest theories and literature on the immunology of Type 1
diabetes and gives us hope that the near future holds the
answers to prevention of this disease. Perhaps the solutions to
the enigma may lead us to a cure of Type 1 diabetes. However,
until there is a cure for diabetes, we must continually take on
the burden of astutely diagnosing diabetes and treating all
pregnant women who are at risk of an untoward outcome of
pregnancy. Understanding and diagnosing all the metabolic
abnormalities associated with pregnancy and providing the
best management protocols to ensure a normal outcome of
pregnancy is the objective. This textbook not only fulfills this
objective, but also provides the answers for the clinician 
to help her/him to deliver optimal care of all pregnancies
complicated by diabetes while we wait for the cure.

Only five years passed since we published the first edition of
the textbook and it is most interesting to observe the changes
that have occurred in the interval. A substantial amount of new
evidence-based information was accumulated during these
years on new technologies, devices, and new pharmacological
treatment modalities, all aimed to improve maternal and fetal
outcome in diabetic pregnancy. We added some 14 new chap-
ters in this edition that broaden all aspects of our knowledge
of physiology, pathophysiology, follow up and management 
of the mother and her offspring.

Thanks to the expertise and understanding of our collabo-
rators, our editorial process has been stimulating and rewarding.
To all of them our sincerest and deepest gratitude.

Moshe Hod
Lois Jovanovic

Gian Carlo Di Renzo
Alberto de Leiva

Oded Langer
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AA arachidonic acid; also, autoantibody
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Chemists
ACE angiotensin-converting enzyme
ACE-I angiotensin-converting enzyme

inhibitors
acetyl CoA acetyl coenzyme A
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Gynecologists
ACTH adrenocorticotropic hormone
AD abdominal diameter
ADA American Diabetes Association
ADHD attention deficit hyperactivity disorder
ADIPS Australasian Diabetes in Pregnancy

Society
AGA appropriate or average for gestational age
AGC antenatal glucocorticosteroids
AGE advanced glycation endproducts
AHIMA American Health Information

Management Association
AMA antimicrosomal antibodies
ATP adenosine triphosphate
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BDecf base deficit in extracellular fluid
bFGF basic fibroblast growth factor
BMD bone mineral densities
BMI body mass index
BP blood pressure
BPD biparietal diameter
BPI brachial plexus injury
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also, coronary artery disease
CDSS clinical decision support systems
CEA cost-effectiveness analyses
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CETP cholesteryl ester transfer protein
CHD coronary heart disease
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CI confidence interval
CIR carbohydrate-to-insulin ratio
CM congenital malformations
CNS central nervous system
CRBP cytoplasmatic retinoid binding proteins
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Trial
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Prevention
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DM diabetes mellitus
DM-1 Type 1 diabetes mellitus
DM-2 Type 2 diabetes mellitus
DME diabetic macular edema
DMPA depo-medroxyprogesterone acetate
DPC Diabetes in Pregnancy Center at

Northwestern University, USA
DPP Diabetes Prevention Program
DPSG Diabetic Pregnancy Study Group
DRS Diabetic Retinopathy Study
DSM-IV Diagnostic and Statistical Manual-IV
DZ dizygotic
ECG electrocardiogram
ED erectile dysfunction
EE equine estrogen
EFA essential fatty acid
EFM electronic fetal monitoring
EFW estimated fetal weight
EGF endothelial growth factors
EHR electronic health record
EPO erythropoietin
ESIMS electrospray ionization mass 

spectrometry
ETDRS Early Treatment of Diabetic

Retinopathy Study
ETSI European Telecommunications

Standards Institute
FABP fatty acid binding protein
FAD flavin adenine dinucleotide
FBS fetal blood sampling
FDA Food and Drug Administration 

(in the USA)
FDR first degree relative
FDRs-DM1 first degree relatives of patients 

with DM-1
FECG fetal ECG
FFA free fatty acid
FFM free fat mass
FGF-4 fibroblast growth factor-4 protein
FGF fetal growth factor
FHR fetal heart rate
FI finger identification
FPG fasting plasma glucose
FR folate receptor
FSH follicle-stimulating hormone
FT4I free thyroxine index
GABA gamma amino butyric acid
GAPDH glyceraldehyde-3-phosphate 

dehydrogenase
GCT glucose challenge test

xix

9780415426206-FM  12/21/07  11:53 AM  Page xix



xx List of Abbreviations

GDM gestational diabetes mellitus
GH growth hormone
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human placental lactogen, HPL)
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IGF-I (or IGF-1) insulin-like growth factor I
IGF-II (or IGF-2) insulin-like growth factor II
IGF-BPI IGF binding protein I
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ISF insulin sensitivity factors
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IVF in vitro fertilization
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LH luteinizing hormone
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LMWA low molecular weight antioxidant
LPL lipoprotein lipase
LTS localization of tactile stimuli
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MAP mitogen activated protein
MBG mean blood glucose
MFP manual form perception
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MPA medroxyprogesterone acetate
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MSAFP maternal serum alpha-feto-protein
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NICU neonatal intensive care unit
NIDD non-insulin-dependent diabetes 
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NO nitric oxide
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NPDR non-proliferative diabetic retinopathy
NTD neural tube defects
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OAV one abnormal OGTT value
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and Data
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PAI plasminogen activator inhibitor
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pregnancy
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PCO polycystic ovary
PCOS polycystic ovary syndrome
PDR proliferative diabetic retinopathy
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PET pre-eclampsia toxemia
PG plasma glucose; also, prostaglandin
PGDM pre-gestational diabetes mellitus
PGE2 prostaglandin E2
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PI phosphatidylinositol
PID pelvic inflammatory disease
PIH pregnancy-induced hypertension
PKC protein kinase C
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Introduction
One hundred years ago the medical literature on diabetic
pregnancy was very limited. Pregnancy itself was no less 
frequent, but the outcome was affected by so many other
major problems that the influence of a medical disorder of
a chronic nature was both unrecognized and disregarded.
Diabetes mellitus was also less prevalent, due both to demo-
graphic differences in the age of the population and to 
epidemiological factors – mainly the absence of any effective
treatment so that young people with diabetes had a life
expectancy of only a few years. The diagnosis of diabetes
depended on the demonstration of sugar in the urine and the
well-known symptoms of thirst, polyuria and weight loss,
but there was no accurate measurement to assess severity, and
the distinction between what are now known as Type 1 and
Type 2 diabetes was only anecdotal. There was no documenta-
tion of the specific long-term complications of hyperglycemia
in the eyes, nerves, heart, kidneys or blood vessels.

Early history of diabetes
Diabetes was well recognized as a medical disorder more than
2000 years ago, and some well-known references are worth
quoting. The ancient Egyptian Ebers papyrus, dating to 
1500 BC, records abnormal polyuria; the Greek father of med-
icine, Hippocrates (466–377 BC), mentioned ‘making water
too often’ and Aristotle also referred to ‘wasting of the body.’
Aretaeus of Cappodocia (AD 30–90) in Asia Minor (now
Turkey) is credited with first using the name diabetes, which is
Greek for a siphon, meaning water passing through the body:
‘diabetes is a wasting of the flesh and limbs into urine – the
nature of the disease is chronic, but the patient is short lived …
thirst unquenchable, the mouth parched and the body dry …’.
The famous Arabian physician Avicenna (AD 980–1027)
recorded further important observations that maintained and
extended the previous Greek knowledge through what became
known in Europe as the Dark Ages: he described the irregular
appetite, mental exhaustion, loss of sexual function, carbuncles
and other complications. There are also references to diabetes in
ancient Hindu texts (AD 500) as a ‘disease of the rich, brought
about by gluttony or over-indulgence in flour and sugar,’ and in

early Chinese and Japanese writings ‘the urine of diabetics was
very large in amount and so sweet that it attracted dogs.’1,2

After the European Renaissance the first physician to redis-
cover and record the sweetness of the urine in diabetes was
Thomas Willis in London (1679), ‘The diabetes or pissing evil
… in our age given to good fellowship and guzzling down of
unalloyed wine,’ and Mathew Dobson 100 years later in
Liverpool first demonstrated chemically the presence of sugar
in the urine of diabetic patients. The demonstration by Oscar
Minkowski (1889) that removal of the pancreas in a dog unex-
pectedly resulted in uncontrolled polyuria – the urine sugar
attracted flies in the laboratory to the puddles on the floor – was
the significant observation that eventually led to the extraction
of insulin from the pancreatic islets in Toronto in 1922.3 The
story of the discovery of insulin is a remarkable record of
disappointment: it was almost discovered in 1906 by Zuelzer
in Berlin, and then in 1912 by Scott in Chicago, but was actu-
ally extracted by Paulesco in Romania in 1920. However, the
world recognizes the story of the Toronto group – including
Banting, Best, Collip and Macleod – as the definitive discovery
and in 1923 the Nobel Prize for medicine and physiology was
awarded to two of them, Frederick Banting and JJR Macleod.4

Until then the only effective treatment for diabetes had
been dietary, and it was well known that restriction of food
would ameliorate the symptoms. John Rollo had demon-
strated this with his patient Captain Meredith in the army in
Ireland in 1797, who obeyed his doctor’s advice, documented
the reduction in urine volume and subsequent weight loss,
and even extracted sugar from the urine by evaporation. The
dietary approach was carried to its logical extreme by the over-
enthusiastic approach of FM Allen in New York (1919), whose
starvation therapy often temporarily returned the blood glu-
cose to normal, but only succeeded in extending life for a year
or so in the severe juvenile cases, all of whom became skeletally
thin. Dr Elliott Joslin is remembered as the Boston physician
who bridged the period immediately before insulin’s discovery
and the exciting clinical demonstration of its effectiveness in
the following decade.5 In London, Dr Robin Laurence,
diabetic himself, on dietary therapy only in his early twenties,
recorded how his life was saved in 1923 by a telegram from his
doctor in King’s College Hospital, ‘I’ve got insulin, and it
works – come back quick’: he survived for many years and
became the leading diabetes specialist in England.6

1

History of diabetic
pregnancy
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These two doctors, Joslin in Boston and Laurence in
London, became the leaders of the revolution which would
take place in both the opportunity for and the outcome of
pregnancy in diabetic women.

Pregnancy and diabetes before the
discovery of insulin
A full historical review of fertility and of the outcome of
pregnancy in different parts of the world is beyond the scope
of this chapter, but there are a number of aspects that are of
particular relevance to the story of diabetes. Medical history,
in particular, is constrained by publication bias, and there is
much more available data regarding Europe and North
America than in other parts of the world. The geographical
and ethnic differences in the distribution, development and
management of diabetes in different places at different times
would be of great interest to review, but as the data are patchy
and both diabetic and obstetric treatments often poorly
defined, it may be that: ‘History followed different courses for
different peoples, because of differences among peoples’
environments, not because of biological differences among
peoples themselves.’7 There are certainly both environmental
and genetic reasons for the differing prevalence and incidence
of diabetes in different countries, as much as for the different
outcomes of pregnancy, but the international historical study
of these factors is still in its infancy.

The collection of vital statistics first became available at
varying times in the developed Western countries. The
Scandinavian countries were first (Sweden 1749, Denmark
1801), England and Wales followed (1838) and then 
Russia (1867); although the process was initiated in the USA
in 1880 it was not complete until 1933.8 Fertility rates have
varied as much as death rates and migration in different 
countries, so that population dynamics will have a consider-
able effect on reported statistics for a single condition such as
diabetes in pregnancy. The classical Malthusian checks on
death rate – disease, famine and war – and the effects of
celibacy and restraint on birth rate, will have more effect on
the overall outcome statistics of pregnancy in diabetic moth-
ers than the diabetes itself. The general fertility rate for
England and Wales was about 130 live births per 1000 women
between the ages of 15 and 44 in 1840, but is now only half

that rate. At present the total fertility rate (average number of
children born per woman) varies from 2.1 in western 
Europe to 6.7 in West Africa.9 However, there is no doubt that
untreated diabetes must have been virtually incompatible with
successful pregnancy before about 1850. In 1856 Blott in Paris
wrote that ‘True diabetes was inconsistent with conception,’
and certainly the then short life expectancy of a young woman
with what we now call Type 1 diabetes before the discovery of
insulin would support that statement. Recent speculation on
the possible nutritional causes of the present-day epidemic of
Type 2 diabetes in older patients means that any data on dia-
betes successfully treated by diet only (which was probably
Type 2, rather than Type 1) is of considerable theoretical inter-
est, but it is perhaps important that these cases were not often
reported in the literature and may well have been missed due
to not even testing the urine for sugar.

In the pre-insulin days, and for some time after, death of
the mother during or soon after pregnancy from uncontrolled
diabetes was the major risk. But maternal mortality was high
for many reasons unrelated to diabetes, and retrospective
analysis of data from England and Wales between 1850 and
1937 shows that poor interventional obstetric care with
increased risk of puerperal sepsis was more important than
social or economic deprivation.10 The maternal mortality
rates for Scandinavian countries were much lower, and it is
now clear that this was due to better overall obstetric manage-
ment in the prevention of sepsis; in the USA maternal mortality
between 1921 and 1924 was 6.8 per 1000 births, in England and
Wales 3.9 per 1000 births and in the Netherlands only 2.5 per
1000 births.8 These differences at national level have been
widely discussed, but must be borne in mind when consider-
ing the isolated effect of maternal diabetes over those years.

Overall perinatal mortality (death of the fetus after 
28 weeks or within 7 days of delivery) has shown a more con-
sistent fall over the same period of time in all Western coun-
tries. Most of the decline was in postneonatal mortality related
to rising standards of living and nutrition, but also to
improved public health measures – broadly speaking, the pre-
dominant form of infant mortality in Western countries was
postneonatal in the nineteenth century and neonatal in the
twentieth. There was no close link between neonatal and
maternal mortality, but there were very considerable differ-
ences in each of these measures between countries at the time
of discovery of insulin (Table 1.1). The overall infant mortality

2 History of diabetic pregnancy

Table 1.1 Overall maternal mortality and infant and neonatal mortality for selected countries at the time of 
discovery of insulin (from Loudon8)

Maternal deaths, 1921–1924, Infant deaths, 1924, Neonatal deaths, 1924, 
Country per 1000 births per 1000 births per 1000 births

The Netherlands 2.5 67.3 18.6
Japan 3.3 166.4 67.5
England/Wales 3.9 75.1 33.1
Australia 4.5 57.1 29.8
USA 6.8 70.8 38.6
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rates in Scandinavian countries were persistently lower than in
England and Wales, or Belgium, between 1920 and 1965,
although all countries show a steady exponential decline.8

As perinatal mortality is now used as a main comparator for
the outcome of diabetic pregnancy, it is important to bear
these long-standing historical trends in mind.

Congenital malformations are also an important comparator
for obstetric results but the recognition of a possible link with
maternal diabetes is much more recent: anecdotal accounts in
small series in the 1940s were not supported until the report by
the UK Medical Research Council in 195511 and the larger
series from Copenhagen in 1964.12 Historical records on the
frequency of congenital malformations are very incomplete
and it was not until the International Clearinghouse for Birth
Defects began to operate after 1974 that any baseline data on
the prevalence of congenital malformations became possi-
ble.13 It is still difficult to compare results for specifically iden-
tified diabetic pregnancies with overall national malformation
rates where the collection of cases is much less detailed.14

Other obstetric complications such as pre-eclampsia appear
today to be more common in diabetic pregnancy but it is 
difficult to trace this possible inter-relationship back to the
days before organized antenatal care. Some of the cases where
maternal death occurred in a diabetic pregnancy may have
been due to eclampsia rather than diabetic coma.

Gestational diabetes
The concept of gestational diabetes, actually meaning hyper-
glycemia due to the pregnancy itself but in practice defined as
‘carbohydrate intolerance of varying severity with onset or
first recognition during pregnancy,’ is also recent.15 In the very
first recorded case Bennewitz, in 1823, considered that the dia-
betes was actually a symptom of the pregnancy, and as the
symptoms and the glycosuria disappeared after at least two
successive pregnancies he had some evidence to support his
views.16 That lesser degrees of maternal hyperglycemia were
also a risk to pregnancy outcome dates back to studies in the
1940s in the USA17,18 and Scotland,19 which showed increased
perinatal mortality some years before the recognition of clinical
diabetes mellitus. This led to the term prediabetes in preg-
nancy, and to poorly defined concepts of temporary and latent
diabetes. The first prospective study of carbohydrate metabo-
lism in pregnancy was established in Boston in 1954, using 
a 50 g, 1 h screening test, which has subsequently been widely
adopted in the USA.20 O’Sullivan21 first used the name ‘gesta-
tional diabetes’ in 1961, following the term metagestational
diabetes used by Dr JP Hoet in 1954 after his early studies in
Louvain, Belgium.22 At that time the US emphasis was on
establishing criteria for the 100 g oral glucose tolerance test in
pregnancy as an index of the subsequent risk of the mother
developing established diabetes, and the well-known
O’Sullivan criteria were derived on this basis.23 At about the
same time, Mestman in southern California, began to identify
the very considerably increased perinatal mortality associated
with abnormal oral glucose tolerance in the obstetric popula-
tion of Los Angeles County Hospital, which then comprised 
> 60% Latino mothers with the rest African–American and

only a few Caucasian.24 Subsequent studies in many parts of
the world have extended the recognition of what has now
become, in some places, an epidemic of hyperglycemia in
pregnancy. Jorgen Pedersen also used the term gestational 
diabetes in his monograph in 1967, but preferred to so classify
a mother only after delivery, when he had demonstrated that
her abnormal glucose tolerance in pregnancy had actually
returned to normal postpartum; this rigorous definition has
proved too difficult to achieve in practice.25,26 The true defini-
tion of hyperglycemia in pregnancy judged by the internation-
ally acceptable 75 g oral glucose tolerance test awaits the
results of the large Hyperglycemia and Adverse Pregnancy
Outcome (HAPO) study.27 The enthusiasm of the team at
Northwestern University, Chicago, led by Norbert Freinkel and
subsequently by Boyd Metzger has ensured that the concept of
gestational diabetes is now firmly imprinted on the obstetric
mind, as well as having established a major place as an epi-
demiological tool to study not only the immediate outcome of
pregnancy but also the long-term effects on both mother and
baby of the relatively short phase of hyperglycemia during the
latter part of the pregnancy.

Important early publications
The historical development of understanding in obstetric,
metabolic and pediatric disciplines over the past 100 years is
perhaps best illustrated by several more extensive quotations
and commentaries on seminal papers from the early literature.

HG Bennewitz. Diabetes mellitus – a symptom of
pregnancy. MD Thesis, University of Berlin, 1824. 
[Translated from Latin]28

This is the first reference to diabetes in pregnancy. Although
the patient was young the clearly described onset of her symp-
toms during the pregnancy would now classify this as gesta-
tional diabetes. Is it possible that she only survived because she
was a milder case who responded to diet, while all the more
severe Type 1 diabetic patients died?

Henry Gottleib Bennewitz publicly defended his thesis for
the degree of Doctor of Medicine at the University of Berlin
on 24 June 1824 (Figure 1.1). It is a simple case report and
review of the literature on the causes and treatments of
diabetes known at that time. His Greek derivation of the word
diabetes and his one-line definition of the symptoms are
unchanged today:

Urine differing in quality and quantity from the normal …
accompanied by unquenchable thirst and eventual wasting.

Before giving the case history, he summarized his belief that
the diabetic condition was in some way a symptom of the
pregnancy, or due to the pregnancy. He noted that:

Other disorders … began to break out as the pregnancy
matured … the little fires which had hidden beneath the
smouldering deceiving ashes broke forth and devoured
again the woman’s condition in the most wretched manner.

Important early publications 3

9780415426206-Ch01  11/29/07  12:26 PM  Page 3



He was convinced that:

The disease appeared along with pregnancy, and at the very
same time …; when pregnancy appeared, it appeared; while
pregnancy lasted, it lasted; it terminated soon after the
pregnancy.

He showed a degree of humility when he remarked that his
patient must be something of a rare bird.

The case history commences on 13 November 1823, when
Frederica Pape, aged 22, was admitted at 7 months in her fifth
pregnancy to the Berlin Infirmary. The first three pregnancies
appear to have been unremarkable, but in the fourth in 1822
she had an onset of thirst and polyuria which had resolved
spontaneously after delivery. These symptoms returned at an
unspecified time in her fifth pregnancy: she had

a really unquenchable thirst – she consumed more than 
six Berlin measures of beer or spring water, although the
quantity of urine greatly exceeded the amount of liquid
consumed, and the urine itself smelt like stale beer.
Her voice was weak, skin dry, face cold and she complained
of a dragging pain in her back.

Treatment was more a matter of belief than of understanding,
but apart from having withdrawn 360 mL of venous blood all
at once (the equivalent of thirty-six 10 mL routine blood tests
today) and taking a high-protein diet, probably deficient in
vitamins, she must have benefitted from the rest and care. The
measurement of 2 oz of sugar in 16 lb (224 oz) of urine, which
is equivalent to about 1% glycosuria, was Bennewitz’s only 
biochemical evidence of diabetes mellitus. From about 32 to 

36 weeks the patient had a recurrent sore throat and increased
abdominal distension such that twins were suspected. When
examined on 28 December 1823 the cervix was dilating and the
fetal head already partially descended. On 29 December she
had an obstructed labor, and the child died intrapartum,
probably due to delay in the second stage. Bennewitz remarks
that the baby was of

such robust and healthy character whom you would have
thought Hercules had begotten.

The infant weighed 12 lb, a fact witnessed carefully.
Postpartum, in spite of continued dieting, sweating and purging,
and the application of eight leeches, the patient’s strength
improved daily, and sugar disappeared from her urine.
‘With nature to preserve and treat her, we dismissed our
patient cured’ (Figure 1.2).

Unfortunately, there is no record of the woman’s subse-
quent health, perhaps because Dr Bennewitz presented his
thesis within 6 months and having been successful in obtain-
ing his doctorate, dropped out of academic medicine. This
pregnancy would certainly qualify as ‘carbohydrate intoler-
ance of varying severity with onset or first recognition during
pregnancy,’ which was the definition agreed for gestational
diabetes at the first workshop–conference in Chicago in 1980.

JM Duncan. On puerperal diabetes. Trans Obstet Soc
London 1882; 24: 256–8529

Matthews Duncan graduated in Aberdeen and became one of
the leading obstetricians of his day (Figure 1.3). This compila-
tion of cases from the literature, from anecdotal reports and

4 History of diabetic pregnancy

Figure 1.1 The title page of Dr Bennewitz’s thesis De diabete mellito, graviditatis symptomate,28 with translation into English.
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from his own experience first identified the serious problem of
diabetes to the obstetrical world. He recorded at least 22 preg-
nancies in 15 mothers between the ages of 21 and 38 (the data
are confused in places): the mother survived the pregnancy for
long enough to become pregnant again in nine instances, in
five she died at the delivery and in six within a few months.
The cause of maternal death was usually diabetic coma,
although it is not possible to exclude eclampsia, and some
must also have developed puerperal sepsis and one died from
exacerbation of tuberculosis. Twelve of the 22 babies died,
usually in utero, and they were usually of a large size: at least 
10 survived and only three miscarriages are recorded: another
20 pregnancies seem to have occurred before the recorded
cases, so some of these mothers must represent late-onset
Type 2 or gestational diabetes, and these seemed to have 
a better prognosis for both mother and child.

So far as is known, all, with one exception, were multipara,
the pregnancy of highest number being the tenth. They
cannot be read without giving a strong impression of the
great gravity of the complication, but they are not suffi-
ciently numerous to justify any statistical argument based
on the number of occurrences.

The histories further show that:

● Diabetes may come on during the pregnancy.
● Diabetes may occur only during pregnancy, being absent at

other times.
● Diabetes may cease with the termination of the pregnancy,

recurring some time afterwards.
● Pregnancy may occur during diabetes.

Important early publications 5

Figure 1.2 Die Charite in Berlin (1785–1800) from a lithograph by von C Koppen (from Murken AH, Vom Armenhospital zum
Grossklinikum die Geschichte des Krankenhauses, Vom 18. Jahrhundert biszur Gegenwart Koln, Durmont, 1988, 39).

Figure 1.3 J Matthews Duncan MD: born in 1826, and
educated in Aberdeen and Edinburgh. He studied obstetrics
under Sir James Simpson and was closely involved in the
discovery of chloroform. He moved to London in 1877 and
had a large practice based at St Bartholomew’s Hospital
(courtesy of Dr DWM Pearson, Aberdeen).
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● Pregnancy and parturition may be apparently unaffected in
its healthy progress by diabetes.

● Pregnancy is very liable to be interrupted in its course; and
probably always by the death of the foetus.

JW Williams. The clinical significance of glycosuria in
pregnant women. Am J Med Sci 1909; 137: 1–2630

Whitfield Williams was Professor of Obstetrics at the Johns
Hopkins University and wrote the first major American text-
book on obstetrics, which still survives today in the eighteenth
edition. He was concerned that the demonstration of sugar in
the urine in pregnancy would be overinterpreted. ‘I know of no
complication of pregnancy the significance of which is more
variously interpreted than the presence of sugar in the urine of
pregnant women.’ Williams blamed Matthews Duncan 
for concluding that the detection of sugar in the urine consti-
tuted one of the most serious complications of pregnancy,
as Duncan’s views were accepted without question, although
they were based on a small series of 22 pregnancies in 
16 women collected from the then medical literature over 
60 years, and his own small experience in Aberdeen. Williams
presented six case reports to illustrate the various conditions
in which sugar may be observed in the urine of pregnant
women: simple lactosuria, transient glycosuria (two cases),
alimentary glycosuria, recurrent glycosuria and mild diabetes.
All resulted in a normal pregnancy outcome (although all the
recorded birthweights were > 8 lb). He then analyzed the 
urinary records of 3000 consecutive patients in the obstetrical
department of the Johns Hopkins Hospital, in 167 of whom
sugar had been demonstrated by Fehling’s solution. He con-
cluded that 137 of these represented definite postpartum lac-
tosuria, being recognized only during lactation, and that
almost all the others who had been recognized in late preg-
nancy were similar. He was able accurately to distinguish 
glucose from lactose in a few cases and found only two of the
167 cases had definite glycosuria, and could thus be consid-
ered to have mild diabetes complicating pregnancy. This may
be the first evidence of screening for gestational diabetes,
suggesting a rather low prevalence in hospital practice in
Baltimore, USA, nearly 100 years ago.

The major difficulty in the bedside measurement of
reducing sugars by Fehling’s test is no longer apparent, as all 
test strips now use a glucose oxidase system and recognize only 
glucosuria (lactosuria will still occur but no longer causes 
medical concern). Whitfield Williams then tabulated all
reported cases (81) of diabetes complicating pregnancy from
1826 to 1907: he considered 15 cases to be doubtful, as 
glycosuria disappeared after delivery (including the famous
patient first reported by Bennewitz in 1826, although he had
not read the full case report in the original Latin). He calculated
an overall immediate maternal mortality of 27%, with an 
additional 23% of mothers dying within the following 2 years.
He concluded:

Pregnancy may occur in diabetic women, or diabetes may
become manifest during pregnancy; either is a serious com-
plication, although the prognosis is not so alarming as is
frequently stated.

EP Joslin. Pregnancy and diabetes mellitus. Boston 
Med Surg J 1915; 173: 841–931

Joslin was the first internist to specialize in diabetes and wrote
the first textbook on the subject. In 1915, 6 years before the
discovery of insulin, he was able to describe seven personal
cases of moderate or severe diabetes associated with preg-
nancy. He wished to take a more hopeful view, but admitted
that little progress had been made. Of his seven cases, four
were dead – one by suicide, one with uremic manifestations 
(? eclampsia), one of diabetic coma while under the care of a
clairvoyant, and the fourth having survived one pregnancy
with a healthy child died of pulmonary tuberculosis 2 months
after losing her second child. But he was pleased that of the
three remaining cases, one was in exceptionally good health,
free from sugar and had a normal child, another in a tolerable
condition having been pregnant three times but with only one
child now living, and the remaining patient alive although
severely ill with diabetes 6 years after confinement. He closed
his paper with an optimistic comment: ‘It is certainly true that
with the improvements in the treatment of diabetic patients
[he meant strict diet], diabetic women will be less likely 
to avoid pregnancy.’

E Brandstrup and H Okkels. Pregnancy complicated
with diabetes. Acta Obstet Gynecol Scand 1938; 
18: 136–6332

The immediate post-insulin period was marked by some
euphoria by both patients and their doctors, but it took 
a long time for the very considerable fear of pregnancy 
to diminish, and to some extent that fear remains to the pres-
ent day. A careful retrospective assessment of those early years
of insulin at the Rikshospital in Copenhagen from 1926 to
1938 showed that although there had been no maternal deaths
in 22 pregnancies in 19 diabetic women mostly treated with
insulin (probably the more severe and often referred cases),
the perinatal mortality was still 57%.32 The 13 perinatal deaths
included six stillbirths, two intrapartum deaths and five early
neonatal deaths; of the 10 living children three were asphyxi-
ated at birth, one weighed only 1500 g and one was 5250 g.
Histological examination of the pancreas in two full-weight
fetuses showed a pronounced increase in the size and number
of the islets of Langerhans. Dr Brandstrup, who was in charge
of these mothers’ care during that time, set the scene for the
future advances made by his successor Dr Jorgen Pedersen
after World War II.

Brandstrup noted that most of his patients had been 
considered to be well adjusted with insulin treatment, but that
they still had high levels of blood sugar for the greater part of
the day. He had previously undertaken physiological studies in
pregnant rabbits on the passage of carbohydrates across the
placenta after intravenous injection, and had shown that while
glucose and the pentoses passed across by a process of slow
diffusion, the placental membrane was almost impermeable 
to disaccharides, including saccharose and lactose.33 He
described one patient treated in 1927, illustrated by a 24 h
curve for blood sugar, who had been treated with two doses 
of insulin daily, felt well and was looked upon as treated 

6 History of diabetic pregnancy
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adequately but he was unhappy with the level of control
achieved (Figure 1.4).

The blood sugar is seen to keep at very high levels through
a great part of the day. This feature is typical of the severe
cases of diabetes under treatment with insulin, and it
explains why the children are subject to intrauterine 
obesity through excessive supply of sugar also now in the
epoch of insulin therapy. But these children are not only
fat: they are large too. They present a condition of univer-
sal macrosomia … it seems probable that it is the maternal
hyperglycemia alone that brings about the pathologic–
anatomical changes in the child.

Conclusion
Further historical development of the management of
diabetes in pregnancy will be considered in the next three
chapters, which will focus on the work of Dr Jorgen Pedersen
in Copenhagen, Dr Norbert Freinkel in Chicago and 
Dr Priscilla White in Boston. There is no doubt that had
insulin not been discovered in 1922 then the present-day 
outlook for successful pregnancy in a diabetic mother would
still remain very poor because of the continued maternal
hyperglycemia, in spite of the enormous improvements in
social, medical and obstetric care which has occurred in the
intervening years.
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Figure 1.4 Blood sugar curve for a pregnant diabetic treated at the Rikshospital in Copenhagen in 1927, with two doses of
insulin (6 units at 09.30 and 4 units at 21.00). Units are grams per cent blood sugar (0.100 g% = 100 mg/dl). Food intake is 
shown as histograms, with unidentified units on the right side (from Brandstrup and Okkels32).
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Introduction
Priscilla White was a pure clinician who devoted her entire
professional career to the treatment of diabetic patients. In
particular, she had an interest in Type 1 diabetes in women
and in youths. This interest led her to the treatment of dia-
betes in pregnancy, now a formal discipline which her life’s
work did much to create.

Priscilla White was born in 1900 and attended Radcliffe
College (now merged with Harvard College). Since Harvard
Medical School did not enroll women until just after World
War II, she attended Tufts College Medical School. She was an
intern at the Worcester (MA) Memorial Hospital because
Boston hospitals did not accept women as house officers. She
had worked as a medical student with Elliott Joslin, already
well known in the field of diabetes, whose first textbook was
published in 1916, six years before the availability of insulin.
Elliott Joslin was greatly impressed with ‘… this early-rising,
young medical student …’ and invited her to join his staff in
1924. Legend has it that when she started her career at the
Joslin Clinic she was given the task of treating young women
with diabetes. Over time they grew up and began to have chil-
dren, creating her lifelong interest in pregnancy. However, she
wrote a chapter entitled Diabetes in Pregnancy in the 1928 edi-
tion of the Joslin-edited textbook The Treatment of Diabetes
Mellitus.1 This was too short a period for her young charges to
have gone through puberty (often late in those days), married
and conceived. Thus, her interest in pregnancy must have been
manifest and acted upon from the very beginning.

Elliott Joslin was her mentor and a father figure until his
death in 1962. Her association with him as a student came just
at the exciting time when insulin became available, first given
in Boston by Dr Joslin’s assistant, Howard Root, in August
1922. It is hard to imagine what the times must have been like
for those with diabetes and their doctors. Most diabetes diag-
nosed in the early twentieth century was symptomatic Type 1.
Patients who survived were often severely cachectic as a result
of both therapeutic design and pathophysiology. Their
absence of fat precluded ketogenesis and thus allowed sur-
vival. In some way, the practice of diabetes in 1920 must have
been like specializing in the treatment of HIV/AIDS today.
Early insulin preparations – crude and cumbersome, consist-
ing of 10 U/ mL of crystalline insulin – required frequent and
painful injections. It stopped the high proportion of deaths
from ketoacidosis but permitted the subsequent expression of
the vascular complications of diabetes with which there is now

so much concern. These points are relevant to the treatment of
diabetes and pregnancy. Many women who became pregnant
without the benefit of insulin treatment either died or lost the
fetus because of ketoacidosis. Insulin therapy permitted an
immediate and marked improvement in the survival of both
mother and fetus. Over the next several decades it also permit-
ted women with diabetes to survive and to develop vascular
complications. The development of vascular complications,
particularly microvascular, became the principal determinant
of pregnancy outcomes. The significance of these complica-
tions was quickly perceived by Priscilla White and underlies
the now famous White classification. Any subsequent or modern
evaluation of diabetes and pregnancy must still adhere to this
principle so perceptively noted by her.

An important dimension of White’s character and person-
ality was her ability to relate in the warmest way to her patients.
She gave them enormous time and energy. A letter from a
patient, quoted in a 1998 monograph by Donald M Barnett,
MD (Elliott P Joslin, MD: A Centennial Portrait) is illustrative:

Yes, I feel that I know Dr. White very well. I had first come
to the Joslin Clinic in 1935 with newly discovered diabetes.
… Dr. White’s presence was such a help. Naturally she
would chart and guide our medical therapy including the
problematic Protamine Zinc Insulin in use at the time. She
was endearingly optimistic and happy with each of us indi-
vidually. She was a naturally beautiful woman and could
easily engage in what I felt to be a genuine interest in fash-
ion and feminine things that interest young women.
I remember that Dr. White drove me from the Deaconess
Hospital to the Faulkner Hospital in a terrible rainstorm as
my due date neared.

White never married and had no children. Her great 
passion was her career and her small passion was her dogs.
I have my own experiences with her love of dogs and her
capacity for personal relationships. When I was a Junior
Assistant Resident at the New England Deaconess Hospital in
1966, my first assignment was to Priscilla White’s service.
I would meet her early in the morning at the Boston Lying-in
Hospital for rounds. Her secretary would afterwards drive us
to the Joslin Clinic, where I would find my house officer’s
whites covered with dark daschund hairs. During this rota-
tion, I told her a story about a boyhood birthday. Eight years
later, when I joined the senior staff, she was near retirement
and immediately recalled the story. That year was her fiftieth
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anniversary at the Joslin Clinic. Soon thereafter she began 
a gradual retirement and only occasionally appeared in our
Pregnancy Clinic that she had begun over 50 years before.
I subsequently inherited a number of her patients who
expected me to give them as much time she did, and to write
them a letter after each and every visit, something the time
pressure of modern medicine no longer permitted.

White’s mental acuity began to decline in the late 1970s and
her remarkable mind failed her completely in the last years
before her death in 1989. Her last paper, published in 1980,
was co-authored with me and fittingly enough was her last
revision of her world famous White classification. These 
revisions had been done from time to time over 30 years as
data and experience dictated, e.g. adding class T for women
who became pregnant after renal transplantation. The 1980
refinement removed gestational diabetes from the standard
lettered taxonomy.

The early years
Priscilla White’s first chapter in the Joslin-edited textbook 
The Treatment of Diabetes Mellitus appeared in 1928.1 In it she
reviewed the Joslin Clinic experience with 89 pregnancies. She
made the then spectacular and hopeful statement that ‘… dia-
betes is no longer a contraindication to pregnancy.’ To say such
a thing makes clear that, for diabetic women before insulin,
pregnancy was considered hopeless. Hope is the sentiment
that has sustained thousands of diabetic women since, and
permitted them to undergo the therapeutic demands and dis-
comforts of pregnancy. This hope was made real and under-
pinned by the gathering of clinical evidence that documented
the likelihood of a successful outcome. White’s chapters were
typical of those in early Joslin texts, and were largely, if not
entirely, case reports and clinical series. In fact, much of her
extensive bibliography is comprised of book chapters, clinical
series and reviews reporting her collected experience as
opposed to peer-reviewed publications of original research.

The dismal reproductive capacity of women in this era is
easily inferred by reading White’s somewhat optimistic state-
ments in the obverse. For example, ‘Insulin, it is true, has
decreased the frequency of sterility among diabetic women,
but the return to normalcy is slow,’ meaning sterility had been
and still remained a problem. In writing about success she
said, ‘Fourteen stillbirths, or 25 per cent, occurred among our
59 pregnancies coming to term.’ She felt the 25% figure was an
improvement because it represented a halving of the 50% risk
for fetal death in the pre-insulin era. Sometimes the severity of
the reality was obscure. A table summarized the outcomes of
the 89 pregnancies: eight outcomes were unknown and four
were ‘undelivered.’ I had to ask a colleague why this category
was included, given all the other expected outcomes, such 
as stillbirths and miscarriage, were listed. It meant that the
mother died. If not death in pregnancy, there was death there-
after. Another table in White’s first chapter indicates that of 58
cases, 42 were still alive in June 1926, indicating an eventual
mortality of 28% after pregnancy. Even more striking, 10 of
the 16 women had developed their diabetes in 1922 or later,
meaning that they died despite having short-term diabetes and

being insulin treated from the onset. One of the women had
survived 23 years postpartum and another 15 years, i.e. they had
diabetes in the pre-insulin era.

Some concepts now taken for granted began to emerge. For
example, though gestational diabetes was not labeled as such,
it was recognized: ‘Pregnancy contracted during diabetes is
less frequent than diabetes contracted during pregnancy.’ The
phenomenon of heightened insulin sensitivity postpartum
was noted, though incorrectly ascribed to ‘… the passage of
sugar from the blood to the breasts at lactation.’ It was in this
chapter that White made the prescient statement ‘Controlled
diabetes is essential to fetal welfare,’ which has become the
bedrock of modern management.

White was not the first to write about diabetes in pregnancy,
but this chapter represents the beginning of a systematic clinical
analysis of an astounding series of over 2200 cases (most of
whom were insulin dependent) that made her famous, and
allowed maternity for her patients and countless others all
over the world.

Her chapter published in the sixth edition of the textbook
edited by Joslin et al., The Treatment of Diabetes Mellitus,
represents continued progress in understanding the natural
history of diabetes in pregnancy and how to modify it.2 She
noted that the lack of fertility in diabetic women ‘… has been
corrected in great measure in proportion to the extent of
control of the disease.’ White once again, to some degree 
by intuition and to some degree supported by data, hit the 
nail on the head by observing that ‘… the degree of hyper-
glycemia appears to be directly related to the frequency of
spontaneous miscarriage or abortion.’ She found that the
abortion rate was 33% in controlled cases and only 2% in
those well treated, which seems too low. All this was, of course,
without benefit of anything more precise to assess control
other than urine tests and occasional blood glucose levels
done at the time of clinic visits.

However, one could not expect White to have understood
all that is known today about the biology of diabetic preg-
nancy, and she did not. She admitted, ‘The cause of over-
growth of the fetus of the diabetic is not known,’ although she
certainly recognized the problem. Fifty-six per cent of Joslin
patients’ infants had birthweights > 8 lb, compared with 9% of
a control series [presumably 8 lb, or c. 3600 g, represented
infants large for gestational age (LGA) or the ninetieth cen-
tile). She noted that ‘The greatest growth of the embryo occurs
in the last two months, at a time when the blood sugar is often
normal,’ which it surely was not. Another statement, now
known to be wide off the mark, was ‘Congenital defects are
beyond our therapeutic control and are, we believe, related to
a disease which is genetic in origin.’ She later revised her 
opinion and in 1958 said that ‘The 3 per cent mortality due 
to congenital anomalies can perhaps be lowered by avoiding
such causes of anoxia as acidosis and hypoglycemia.’3 This sen-
tence attributing anomalies to metabolic changes presaged by
20 years the notion of hyper- and hypoglycemia as causes of
malformations. These hypotheses could not be tested until 
self-blood-glucose monitoring and glycohemoglobin tests
became available. She also felt that some malformations were ‘…
due to chronic vascular insufficiency …’, but she was not alone
in having to speculate as to the cause of fetal anomalies.

10 The Priscilla White legacy
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It is in the paper published in 1937 that White’s most
important contribution begins to germinate; namely that
duration (and its relation to vascular disease) adversely affects
outcome.4 Although over a decade away from publishing her
classification, one can see a hint of the concept emerging. She
said that ‘Long duration of diabetes decreases the number of
living births,’ but by long duration she meant > 1 year. In her
discussion of toxemia (which must have included pregnancy-
induced hypertension of all types) she noted that mothers
over 30 years of age had a higher loss rate and more toxemia.
Her most seriously erroneous construct is also mentioned
here. She believed that toxemia, a major cause of fetal death,
was caused by or related to hormonal imbalance. In particular,
she believed prolan [human chorionic gonadotropin (hCG)]
excess and estrin deficiency were related to toxemia. To sup-
port this thesis she cited both human and animal data derived
from urine or bioassays which were immeasurably cruder
than today’s assays measured in picomoles. She said, ‘Estrin
therapy seems to be the logical method of treatment.’ This
belief would lead to the treatment of her pregnant women
with sex steroids starting in 1938, and it was a therapy she
refused to relinquish. Not until after her retirement was the
practice stopped in 1975. The original basis for White’s
staunch belief in hormonal therapy was the paper published
with Smith, Smith and Joslin in 1937.4 The hypothesis was
that prolan (hCG) was utilized in the placental production of
estrogen, both by oxidation (early) and metabolism (late). She
wrote: ‘The damaged vascular tree of the diabetic may inter-
fere with the blood supply to the uterus and placenta and with
the normal production of its hormones.’5 Her insistence on
maternal sex steroid therapy is often overlooked in view of the
more familiar linking of her name to her eponymous classifi-
cation. When the White classification first appeared hormonal
dysfunction was also a modality of classification, as well as the
familiar alphabetized one based upon age, duration and com-
plications. In fact, it occupied as much space in her discussion
as did classes A–F. White firmly believed that this regimen
improved fetal survival and increased the hormone doses from
class A to class F. By the time her last chapter in Joslin’s Diabetes
Mellitus appeared in the 11th edition of this textbook in 1971,6

hormonal therapy was no longer given in increasing doses by
class. Class A (abnormal glucose tolerance, treated with diet
alone) was excepted from treatment as it always had been.

In the 1980s, the Joslin Clinic formally surveyed the 
mothers known to have been treated with these hormones. No
cases of gynecological cancer in their daughters or genitouri-
nary abnormalities in their sons were reported other than
cryptorchidism, which is common and may not have been
related. However, anecdotal accounts of daughters having 
difficulty with habitual abortion and incompetent cervices
have been received.

Finally, White also believed that diuretic therapy prevented
hydramnios, edema and pre-eclampsia toxemia (PET), the
latter having always been a major cause of fetal loss. Thus,
at first encapsulated ammonium chloride, then injected 
mercurial diuretics and finally oral diuretics, thiazides in 
particular, were routinely used from the 1940s until 1975.
Of course, diuretic therapy may have aggravated PET, the very
condition it was meant to prevent.

The White classification
In 1949, White published the first version of the classification
system which was to be the single most remembered thing
about her work, and has been of immense clinical value to
practictioners all over the world.7 Part of the success of this
classification was no doubt rooted in its rationale and utility,
but part must have also been that the world leader in the field
of diabetic pregnancy espoused it. She was almost precisely at
the mid-point in her career and had been on the staff of the
Joslin Clinic for 25 years. She was already well known and her
eminence would have been helpful in facilitating its adoption.
By way of historical perspective, in 1949 her great European
clinical counterpart, Jørgen Pedersen, was just making his
debut on the world stage of diabetes and pregnancy, and
Norbert Freinkel had just received his medical degree.

Reading papers published by White only a year or two
before the appearance of her classification so soon after is
somewhat of a surprise. Although she had long recognized the
importance of duration of diabetes as a risk factor for vascular
disease, she did not particularly link it to pregnancy outcome
and certainly not in a graded form, even shortly before 1949.
In her 1946 chapter in the eighth edition of the book The
Treatment of Diabetes Mellitus, edited by Joslin et al., she wrote
about how quickly diabetes could cause vascular disease,
noting that it was present in 70% of non-pregnant 20 year sur-
vivors of diabetes, i.e. not all patients with Type 1 diabetes
lived 20 years.8 By vascular disease she meant both macro- and
microvascular, e.g. coronary heart disease and retinopathy.
However, she did not discuss the implications of this observa-
tion for pregnant women. Despite the generally poor progno-
sis it is notable that only one maternal death had occurred in
271 pregnancies between January 1936 and March 1946. The
one death was due to infectious hepatitis and occurred 
8 weeks postpartum. Thus, the striking maternal mortality of
the pre-insulin era was gone. Also of interest is her notation
that congenital anomalies occurred in 12% of the infants as
compared with 1.8% in the non-diabetic population, almost
exactly what would be reported 35 years later when Joslin data
were published which clearly and quantitatively linked 
periconceptual control to congenital anomalies by using first
trimester glycohemoglobin levels.9 In the patients studied in
that paper, the overall anomaly rate was 12.9% and the non-
diabetic rate in the USA was c. 2%.

In a 1947 paper entitled ‘Pregnancy Complicating Diabetes
of More Than Twenty Years Duration,’ White rather tediously
reviewed 10 cases, but stopped short of systematically linking
duration and complications to outcome.10 However, all the data
that she collected and used in her classic 1949 paper7 must have
already been under review. Two years later the original classi-
fication appeared and had only six classes, though it was later
to have as many as 10 (Box 2.1).

Another important point emerged in this paper.7 White
noted that 68% of stillbirths occurred after the 35th week of
gestation. This was the rationale for early delivery of all patients,
usually by Cesarean section. By 1953 the schema had been
refined: class A was permitted to go to term, classes B and C
were carried to 38 weeks, and classes D–F were delivered in the
35th week.5 White reasoned that prematurity and atelectasis

The White classification 11
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(respiratory distress) were a lesser risk than stillbirth in the
more severe classes.

The White classification underwent several revisions. In
her 1971 chapter in Joslin’s Diabetes Mellitus, which was her
last, class E, pelvic vascular calcification, was no longer used.6

This category had either been actively sought or incidentally
diagnosed when X-ray pelvimetry was used. It was thought
that pelvic or uterine arterial calcification caused feto-placental
hypoxia and that this was important information. However,
the recognition of the danger of X-rays to the fetus resulted in
elimination of the category. Class G had been added some
years before: this was a rather vague class and included ‘multi-
ple failures in pregnancy.’ Class R had been added, and women
with both retinopathy and renal disease were placed in a com-
bined class termed class FR. Class H, women with coronary
heart disease, and class T, women with prior renal transplan-
tation, had yet to be added.

At the 1979 American Diabetes Association Symposium on
Gestational Diabetes, the first of the series begun by Norbert
Freinkel, the confusing issue of class A and gestational diabetes
was raised. Implicit in raising the issue was the recognition 
that nearly everyone used the White classification. Class A was
meant to include women treated with diet alone but was never

synonymous with gestational diabetes; however, in common
parlance it often came to be. The Joslin Clinic has traditionally
had few patients with gestational diabetes, so the White classifi-
cation never really needed to address the issue. At the Joslin
Clinic women with gestational diabetes who required insulin
were called gestational Bs as opposed to true Bs, meaning
women with either pregestational diabetes or the onset of Type 1 
diabetes in pregnancy. At the request of the symposium,
I revised the classification and separated gestational diabetes
from the traditional alphabetic list.11 Priscilla White was invited
to co-author the alteration with me in order to lend it credence,
to which she readily agreed. As it turned out, this revision of the
White classification was also her last publication (Box 2.2).

The basic soundness of White’s clinical observations that
duration and vascular disease were the major determinants of
outcome became even clearer to me when I tried to revise the
White classification for the 13th edition of Joslin’s Diabetes
Mellitus in 1994, in order to reflect most recent experience and
to try to make it less confusing.12 Class A had essentially dis-
appeared; it did not include gestational diabetes and increas-
ingly stringent standards of control meant that no one with
pregestational diabetes went through pregnancy without
insulin. Duration or onset in women with no complications

12 The Priscilla White legacy

Box 2.1 Priscilla White’s first classification

Class A: Abnormal glucose tolerance test, treated with diet alone
Class B: Onset before the age of 20, duration < 10 years, no vascular disease
Class C: Onset between the ages of 10 and 19, duration 10–19 years or minimal vascular disease, including retinal

arteriosclerosis or calcifications of lower extremity arteries*
Class D: Onset before the age of 10, duration > 20 years or retinitis, hypertension or albuminuria
Class E: Pelvic vascular calcification, iliac or uterine
Class F: All patients with nephritis (more than just albuminuria)

*Background retinopathy and lower extremity calcification were included in class D in later classifications.

Box 2.2 Priscilla White’s last classification

Gestational diabetes: Abnormal glucose tolerance test, euglycemia maintained by diet alone.
Diet alone insufficient, insulin required

Class A: Diet alone sufficient, any duration or onset age
Class B: Onset at the age of 20 or older, duration < 10 years
Class C: Onset between the ages of 10 and 19, or duration 10–19 years
Class D: Onset before the age of 10, duration > 20 years, background retinopathy or hypertension (not 

pre-eclampsia)
Class R: Proliferative retinopathy or vitreous hemorrhage
Class F: Nephropathy with > 500 mg/day proteinuria
Class RF: Criteria for both classes R and F coexist
Class H: Arteriosclerotic heart disease clinically evident
Class T: Prior renal transplantation

All classes following Class A require insulin therapy. Classes R, F, RF, H and T have no onset/duration criteria but usually occur in long-term dia-
betes. The development of a complication moves the patient to a lower class.
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made no difference to outcome, so women in classes B and C,
as well as those in uncomplicated class D, did not need to be
separated. Classes E and G were obsolete. In my chapter,
I ended up with three classifications! First, one specifically 
for gestational diabetes; second, the 1980 version of the White
classification; and third, one just as cumbersome, which was
based on the presence or absence of complications. Each 
category was identified by a specific complication rather than
by using the more non-specific onset or duration. It did 
make sense to be specific about what the complication was,
e.g. autonomic neuropathy or background retinopathy, and it
did correlate with outcomes, but it was still cumbersome.

Most of the attention in diabetes complicating pregnancy
today is not focused on Type 1 diabetes but the far more
common gestational diabetes, and in particular on fetal 
outcome in gestational diabetes. (This is curious, because 
the standard O’Sullivan and Mahan diagnostic criteria,13 since
revised to reflect refinements in laboratory methodology, are
based on a maternal, not fetal, outcome, the subsequent risk 
of developing diabetes.) I believe that there is an understand-
able difference in viewpoint between obstetricians who worry
mainly about fetal outcome as opposed to physicians who
have to treat the mothers for many years to come after delivery.
I think it is for that reason, and because of the overwhelming
predominance of Type 1 diabetes at the Joslin Clinic, that the
White classification always took into account both maternal
and fetal risk. For example, retinopathy (class R) poses no 
fetal risk but if aggravated by pregnancy it can cause maternal
blindness.

The later years
By the mid-point in her career, Priscilla White was undeniably
the doyenne of diabetic pregnancy. She continued to publish
reviews and papers which extended and refined her experi-
ence. Jørgen Pedersen, who became well established as a stu-
dent of and expert in diabetic pregnancy in the 1950s and
1960s, used her classification in a modified form. It was
included in The Pregnant Diabetic and Her Newborn, his clas-
sic treatise published in 1967. Although he did adopt and
modify White’s classification, Pedersen also stated flatly that
‘This department has never used hormone therapy.’14 In fact,
by this time few, if any, centers believed that estrogen and
progesterone supplementation made any difference, and
White was the only real advocate of its use. This became more
of a bone of contention in the 1960s and 1970s, even within
the Joslin Clinic.

White was an invited lecturer all over the world. She was
asked to present her data on diabetes complicated by vascular
disease at the International Federation of Gynecology and
Obstetrics in Mexico City in 1976. However, she was troubled
by thromboembolic venous disease and could not travel long
distances. She asked me to present her paper for her. At the con-
gress I met Jørgen Pedersen. He was interested in her data and,
of course, knew her personally and inquired about her health.
He also told me that he thought she should have discouraged
her patients with renal disease from becoming pregnant, given
the still poor prognosis for this subgroup. In retrospect, I see

the differences in their viewpoints as reflecting his realism 
and her optimism. Patients with nephropathy clearly had the
lowest expectation of success of any class, but she started 
her career when no one had much expectation of success.
Having been an effector of triumph over adversity no doubt
influenced her optimistic view.

Upon my return to Boston, I suggested that these data be
published. She agreed and told me to go ahead. This resulted in
a brief but remarkable summation of her experience entitled
‘Pregnancy in Diabetes Complicated by Vascular Disease.’15

Not only were 416 pregnancies with vascular disease (classes R,
F, RF, E, H and T) presented but also summarized was a half
century of her experience with over 2200 cases of diabetic
pregnancy in which the fetal survival rates rose from only 54%
at the beginning of her career to 94% by the end.

She was twice honored by the American Diabetes Association
at its annual meeting. In 1960 she received the Banting Medal 
for Distinguished Scientific Achievement and delivered a lecture
entitled Childhood Diabetes: Its Course and Influences on the
Second and Third Generations. In 1978 she was the Outstanding
Physician Clinician in Diabetes but this award, after her retire-
ment, in reality recognized her as an Eminence grise.

It is of interest that her two contemporaries and colleagues
at the Joslin Clinic, Howard Root and Alexander Marble, were
both presidents of the American Diabetes Association. Howard
Root became a Medical Director of the Clinic and a President
of the Joslin Diabetes Center. Alexander Marble was a Research
Director and President of the Joslin Diabetes Center. Priscilla
White never achieved such high office within or without the
Joslin Diabetes Center. She was made head of the Youth
Division, created in the 1960s, which reflected her interest not
only in pregnancy but also her long-term interest in the Joslin
Camps for boys and girls. It may have been that this division
was created, at least in part, to make up for her lack of a major
title at the Joslin Diabetes Center. Root and Marble had 
academic appointments in medicine at Harvard; her appoint-
ment was in pediatrics at Tufts, her alma mater. She never
sought a Harvard appointment because they would not admit
her (or any other woman before 1945) to their medical school.
To what degree her lack of official recognition, when compared
to her peers Root and Marble, reflected intrinsic choices that
led her down a different career path or extrinsic forces of latent
sexism, or the interplay of both, is an open question.

Her legacies are direct and indirect. She can arguably be
personally credited with creating the discipline of diabetes in
pregnancy. Others were active in the field, but none were as
single-mindedly devoted and as well known before 1950.
Special interest groups for diabetic pregnancy now exist
within multiple professional societies. Hundreds, if not thou-
sands, of physicians and obstetricians have developed clinical
and investigative interests in the field. There are thousands of
direct legatees – her patients who became mothers and had
children, grandchildren, and now great grandchildren – 
generations that would not have come into being had it not
been for her. Also directly affected were residents and fellows
who learned from her how to treat diabetic patients for the
rest of their careers. Her indirect legatees are untold numbers
of diabetic women all over the world whose doctors enabled
them to bear children because she led the way.

The later years 13
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Introduction
As an introduction to this chapter it is appropriate to give 
a brief outline of the founder of the Copenhagen Centre for
Pregnant Diabetics, my teacher, chief and during the years
1962–1978 also my personal good friend, the late Professor
Jørgen Pedersen.

After his graduation as MD in 1938 he had a thorough
training in Copenhagen hospitals and during his term as an
assistant physician to HC Hagedorn at the Steno Memorial
Hospital from 1943 to 1945 he became fascinated with the
problems of diabetes and pregnancy. From 1945 to 1946 he
held an appointment as registrar in the Obstetric Department,
Rigshospital, University of Copenhagen, where, from 1946 to
1954, he worked as a voluntary consultant and from 1954 
until his death in November 1978 as an appointed consultant 
for pregnant diabetics. Jørgen Pedersen was a very active
teacher throughout his long career and from 1970 he held 
the chair of Professor of Internal Medicine at the University 
of Copenhagen.

As early as 1945, Jørgen Pedersen started his work on 
diabetes and pregnancy. He managed to build up a center for
pregnant women with diabetes, a center which over the years
has become well-known worldwide as The Copenhagen Centre
for Pregnant Diabetics. His paramount aim was to diminish
perinatal mortality through strict control of diabetes and 
special obstetric management. These efforts were widely 
successful, as the perinatal mortality during his leadership
decreased from nearly 40 to 4%.

However, in connection with his clinical work a very 
comprehensive continuous research has been performed 
to elucidate the manifold and intricate pathogenetic problems
around the diabetic mother and her conceptus. Some of the
papers from the Copenhagen Centre are collected in three vol-
umes from 1954, 1961 and 1966, and a fourth was sent out in
January 1974 as a memorial volume by Pedersen’s co-workers
in honour of his 60th birthday.

A survey is given in Pederson’s book The Pregnant Diabetic
and Her Newborn, which was published in its first edition in
1967 and in a greatly revised second edition in 1977. This
monograph not only deals with the treatment and prognosis of
mother and child, but also with pathogenic, pathoanatomical,
metabolic, endocrine and many other problems, largely based
on investigations in the Copenhagen Centre.

A few characteristics of Jørgen Pedersen’s working methods
were: a repeated meticulous control to problems from varying

aspects to confirm or weaken results; an ability to differentiate
a large inhomogeneous material in groups to be individually
evaluated; and a certain artistic ability to see new problems
connected with the old ones, often linked with new discover-
ies and new techniques. These intellectual faculties combined
with an unflagging perfectionism made him a highly admired
leader of a multi-disciplinary research team.

It is well known that Jørgen Pedersen was one of the founders
of the European Diabetic Pregnancy Study Group (DPSG).
During its first 3 years he was a board member and from then
until his death he was a highly esteemed and very active member
of the group. In 1979, the board of the DPSG decided that 
a lecture in memory of Jørgen Pedersen should be given at the
group’s yearly meeting and since 1980 a Jørgen Pedersen memo-
rial lecture has been given every year by a distinguished scientist
within the field of diabetes and pregnancy.

Diabetes and pregnancy: 1940–1980
In 1946 it was decided, with Professor Brandstrup at the
Rigshospital, University of Copenhagen, to centralize the man-
agement and study of diabetes and pregnancy to the Obstetrical
Department of Professor Brandstrup, who previously had inter-
est in the problems involved.1,2

The first study from the Copenhagen Centre was designed 
to find possible characteristics of the course of diabetes during
pregnancy, to contribute to a quantitative elucidation of the
incidence of alterations occurring and to set up rules for 
the supervision of pregnant diabetics.3 Two typical periods in 
diabetic alterations took place, reaching a peak at about the
second to third month and at about the seventh month. During
the former period, an improvement in tolerance, lasting for an
average of 2–3 months, was commonly observed. The manifes-
tation of this improvement was insulin coma, or other insulin
reactions, or an improvement in the degree of compensation.
During the latter period there is often a decreased tolerance,
manifesting itself as a diabetic precoma, acute acidosis or 
a necessity for raising the insulin dosage. The duration of this
reduction in tolerance averaged 2 months.3

A treatment policy was described as follows:3,4 referral to 
a diabetes center as early as possible in pregnancy; outpatient
control every 2–3 weeks until the fifth gestational month 
and weekly thereafter. About 8 weeks before calculated term
the patient was hospitalized for prophylactic purposes and
remained as an inpatient until delivery, which was usually

15

The Pedersen legacy
Lars Mølsted-Pedersen3
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induced c. 3 weeks before term. This applied to uncomplicated
cases. On the whole, the patients were hospitalized in the pres-
ence of any complications that failed to yield immediately to
ambulatory measures. Perinatal mortality fell from c. 40 to
25% in the period from 1946 to 1952 and for the group with
long-term control perinatal mortality was as low as 12%.
However, in the period from 1956 to 1965 the total perinatal
mortality was still as high as 18.5% and the focus was now on
the high incidence of severe congenital malformations (CM),
a subject which was still under debate in the 1950s and 1960s.
In a paper from 1964, Mølsted-Pedersen et al.5 showed in 
a convincing way that the incidence of severe CM was signifi-
cantly higher in newborns of diabetic mothers and, further-
more, that fatal and multiple CM were five times higher in this
group, and there was a significant correlation to the severity of
the maternal diabetes. Based on these results, it was proposed
that CM in infants of diabetic mothers were due in particular 
to the presence of maternal vascular complications with an
insufficient blood supply to the uterus and placenta.

During the 1970s this view was changed in favor of the
metabolic hypothesis, i.e. incomplete metabolic compensation
at nidation and during the first trimester might be important.
In a study from the late 1970s, a series comprising 949 new-
born infants of diabetic mothers were treated at the
Copenhagen Centre during pregnancy and delivery in the
period from 1966 to 1977. The malformation rate was 8.2%.6

By analyzing the series it was found that the rate of CM in
White classes B–F was significantly reduced from 14.1 to 
7.4% in infants whose mothers preconceptionally attended
two hospitals which specialized in the treatment and ambula-
tory control of diabetes. The observation demonstrated the
importance of procuring constant care for diabetic women
outside pregnancy in order to decrease the malformation rate.

During the first half of the 1980s the rate of severe CM
decreased significantly at the Copenhagen Centre. The expla-
nation for this significant decline is not a simple one and 
the cause may be non-specific, but some points of possible 
relevance were reported.7 Firstly, from c. 1980, diabetologists
in Denmark had intensified their treatment of diabetics,
especially that of the young. Secondly, in 1976 an outpatient
clinic for instructions in contraception and planning for
future pregnancies in diabetic women was organized at the
Copenhagen Centre. A few years after the opening of this clinic
a significant increase – from 35 to 70% – in the frequency 

of planned pregnancies was seen. Thirdly, some induced 
abortions were performed due to elevated levels of alpha-
fetoprotein (ultrasound examination verified severe neural
tube defects) and in a few diabetic women from classes D and
F who had poorly regulated diabetic metabolism during con-
ception and during the first gestational weeks, and moreover
whose fetuses had a significant ultrasound-verified growth
delay in early pregnancy, thereby having a significantly
increased risk of severe CM (see below).8

The impact of preconceptional care has been strongly
underlined by the Copenhagen Centre’s later clinical experi-
ence (Table 3.1).9 In unplanned pregnancies in Type 1 diabetic
women, the rate of pregnancy complications and preterm
deliveries are doubled compared to insulin-dependent 
diabetes mellitus (IDDM) women who preconceptionally
planned their pregnancy. Furthermore, the incidence of severe
CM and the perinatal mortality were markedly increased in
the unplanned group.

In his thesis from 1952, Jørgen Pedersen10 mentioned the
hyperglycemia (maternal) – hyperinsulinism (fetal) hypothe-
sis, but at that time direct measurements of plasma insulin
were not possible. In the second edition of his book The
Pregnant Diabetic and Her Newborn,11 the hypothesis ran as
follows: maternal hyperglycemia results in fetal hyperglycemia
and, hence, in hypertrophy of fetal islet tissue with insulin
hypersecretion. The hyperinsulinism in the presence of more
than adequate supplies of glucose, abruptly eliminated at
birth, explains several of the characteristic features observed
in the offspring. Over the years the theory, its consequences
and explanatory powers have been intensively discussed,
especially in papers from the Copenhagen Centre.12–15 The
results of many pathoanatomical, clinical, physiological and
biochemical investigations have adducted a nearly common
agreement of the theory, which is now, more than 20 years
after Pedersen’s death, simply called the Pedersen theory.

White’s16 widely used classification of pregnant diabetes is
based on factors present in the mother before pregnancy,
particularly with regard to the severity of her diabetes and 
vascular complications. This classification indicates groups 
of pregnant women with a different basic fetal mortality risk
and a different proneness to complications, and hence fetal
mortality. However, a more individual prognosis was required.

In order to improve the possibilities of predicting the 
outcome of pregnancies in diabetics, a consecutive series of

16 The Pedersen legacy

Table 3.1 Major clinical differences in planned and unplanned pregnancies in pregestational Type 1 diabetic
women – Copenhagen Series 1989–1992

Pregnancies

Planned (%) (n = 133) Unplanned (%) (n = 67) P-value

Pregnancy complications 27.0 52.0 < 0.001
Preterm delivery (< 37 completed weeks) 19.0 39.0 < 0.005
Major congenital malformations 1.5 11.9 < 0.010
Perinatal mortality 0.8 5.9 < 0.100
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304 pregnancies from the Copenhagen Centre in the 5-year
period from 1959 to 1963 was analyzed. Patients with a poor
prognosis were divided into four groups: pregnant women
who developed (1) hyperpyretic pyelitis, (2) precoma or severe
acidosis, (3) toxaemia or (4) could be designated as ‘neglec-
tors.’17 These four groups are designated as PBSP (prognosti-
cally bad signs during pregnancy) and concern complications
which become evident during the actual pregnancy. Although
the classification may not be perfect, the inherent concept of
the White classification, i.e. that the chance of a successful
pregnancy is not the same for all pregnant diabetics, is funda-
mentally correct.18 The simultaneous combined use of the two
complementary classifications is recommended until more
precise classifications are available.

Diabetes and pregnancy:
1980–present
In 1976 the Copenhagen Centre started to perform consecu-
tively an ultrasound examination in the first trimester in all
diabetic pregnancies to confirm the gestational age. Quite
unexpectedly, it was observed that some fetuses in early dia-
betic pregnancy were smaller by ultrasound measurements
than expected from the menstrual history and the term early
growth delay was used to describe this phenomenon.19 When
assessing gestational age from a crown–rump length (CRL)
measurement, the 95% confidence interval (CI) is +4–5 days.
Therefore, significant early growth delay defines an ultra-
sound age that is at least 6 days less than the menstrual age.20

There is a significant association between early growth delay
and the quality of the diabetes regulation as assessed from 
the HbAlc concentration.21 Correspondingly, there has been a 
significant decrease in the average early growth delay over the
past 20 years, from 5.5 to 2.0 days, which is ascribed to the
efforts made to improve diabetes regulation around the time
of conception and during early pregnancy.

In 1981, it was reported that significant early growth delay
predicted an increased risk of CM.8 To examine whether this
was still so, the series was divided at 1980, so that 1976–1979
roughly corresponds to an earlier report. The alarming high
rate of malformations in the delay group (18%) fortunately
has decreased (4%), and although early growth still may

involve a higher risk of malformation the difference does not
reach statistical significance. Again, it is believed that this is 
a result of an improved diabetes regulation around conception
and in early pregnancy.

When looking at severe CM, spontaneous abortions and
successful outcomes in the whole series of 376 pregnancies
(Table 3.2), it is obvious that the too-small fetuses not only had
a higher rate of CM [10 of 110 (9.1%) versus 6 of 266 (2.3%)]
but also a higher rate of spontaneous abortions [6 of 110
(5.5%) versus 1 of 266 (0.4%)]. The chance of a successful 
outcome of pregnancy, i.e. delivery of a live, non-malformed
baby, was significantly lower in the delay group [93 of 110
(85%) versus 252 of 266 (94%)]. These highly significant differ-
ences show that the early growth delay is a real phenomenon
and not a result of inaccurate estimation of ovulation.22

In order to study postnatal development, the infants of the
Copehagen Centre’s 1981 report, together with a group of
control infants, underwent a pediatric follow-up examination
at the age of 4 years. The Denver Development Screening Test
showed that the infants in the diabetes group had a slightly
poorer psychomotor development than the control infants;
only 83% had a normal score as opposed to 88% in the 
control group.23 When the diabetes group was divided accord-
ing to early growth delay, it appeared that only 69% of infants
in the delay group had a normal score, thereby differing signif-
icantly from the non-delay infants (88%), who performed
remarkably similarly to the control infants. In other words, in
this series it was the delay infants alone that were responsible
for the poorer performance in the diabetic group.

Summary on early growth delay
Some fetuses in early diabetic pregnancy are smaller than
normal, i.e. exhibiting early growth delay. This is related to the
quality of the diabetes regulation and gives a marked increase
in the risk of fetal malformations, and predicts a poorer 
psychomotor development. A first trimester ultrasound study
is essential and patient management should be guided by the
ultrasound age.

Since the foundation of the Diabetes Centre at the
Obstetric Department of the Rigshospital, 13 theses for the
DMSc degree at the University of Copenhagen have been 

Summary on early growth delay 17

Table 3.2 Analyses of early growth delay in 376 singleton pregnancies in Type 1 diabetic mothers – Copenhagen
Series 1976–1995

Delay No delay

Included in the study 110 266
Spontaneous abortions < 16 weeks 6 1
Spontaneous abortions > 16 weeks 0 3
Induced abortions and intrauterine Fetal death 0 8
Delivery of live infant 104 254
Severe malformation 10 3
Trisomi 21 1 0
Successful outcome* 93 (85%) 251 (94%)

*P = 0.0053 (Fisher’s exact probability test).
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published, all of them dealing with the topic diabetes and
pregnancy in every possible way. In 1977, the Diabetes Centre
obtained its own laboratory, where it was possible to carry out
hormone assays, glucose tolerance tests, etc.

The interest and activity in the field of gestational diabetes
mellitus (GDM) has increased since the foundation of the
centre and within the following two decades four DMSc theses
dealing with GDM have been published. The most well known,
and one often quoted in the medical literature, was written 
by the internist diabetologist Claus Kuhl: ‘Serum insulin and
plasma glucagon in human pregnancy – on the pathogenesis 
of gestational diabetes.’24 After the death of Jørgen Pedersen,
Claus Kuhl was appointed consultant for pregnant diabetics at
the Copenhagen Centre for the next decade.

Another important work on GDM was done by the present
leader of the Diabetes Centre, Peter Damm.25 His DMSc was
entitled ‘Gestational diabetes mellitus and subsequent devel-
opment of overt diabetes mellitus – a clinical, metabolic and
epidemiological study.’ He investigated the prognosis of
women with previous GDM with respect to subsequent devel-
opment of diabetes and also the identification of predictive
factors for the development of overt diabetes in these women.
He also evaluated insulin sensitivity in glucose-tolerant non-
obese women with previous GDM and controls. A decreased
insulin sensitivity due to a decreased non-oxidative glucose
metabolism in skeletal muscle was found in women with pre-
vious GDM. The same group of previous GDM women had 

a relatively reduced insulin secretion evaluated by IVGTT
(intravenous glucose tolerance test). A longitudinal study of
91 GDM women showed a relatively reduced insulin secretion
to oral glucose in pregnancy, postpartum, and 5–11 years later.

Damm’s study showed that even non-obese glucose-
tolerant women with previous GDM are charaterized by the
metabolic profile of Type 2 diabetics, i.e. insulin resistance and
impaired insulin secretion. Hence, the combination of this
finding together with the significantly increased risk for 
development of diabetes indicates that all women with previous
GDM should have a regular assessment of their glucose toler-
ance in the years after pregnancy.

Finally, it should be mentioned that the rigid outline for
treatment of the pregnant diabetics described in one of the
first publications from the Copenhagen Centre has been
changed since the mid-1980s. The treatment is now much
more individualized and, in uncomplicated diabetic pregnan-
cies, all contact with the pregnant women takes place in the
outpatient clinic and a planned delivery happens, on average,
in gestational week 39.

The Copenhagen Centre for Pregnant Diabetics is still
functioning well, with its own laboratory and a staff of obste-
tricians (led by Peter Damm) and diabetologists (led by
Elisabeth Mathiesen) collaborating with the well-known
neonatal department in Rigshospital. Several research projects
are in progress with young research fellows working well with
the Pedersen legacy.

18 The Pedersen legacy
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Introduction
Professor Norbert (Norbie) Freinkel (Figure 4.1) was 
a renowned scholar, investigator and teacher. Although it is
now nearly two decades since his sudden, untimely death,
Norbie’s influence on the field of pregnancy and diabetes
remains profound. What accounts for this enduring legacy?
Norbie was a brilliant, intense, dedicated and insightful inves-
tigator. He was a gifted and prolific writer and used language
with great skill and flair. Norbert Freinkel was a member of
prestigious academic societies including the American Society
of Clinical Investigation and the Association of American
Professors and held important professional leadership 
positions, including the presidency of both the Endocrine
Society and the American Diabetes Association.

However, in my estimation, an enduring legacy is built
more on people that have benefitted from exposure to a stim-
ulating research and intellectual environment and on the 
concepts that have been promoted, than on affiliations with
prestigious organizations and recognition in ‘high places.’
Strong evidence of this is seen in the way that Norbert
Freinkel’s influence continues to be felt in the broad areas of
nutrition and metabolism during pregnancy. In the short trea-
tise that follows, I have summarized my perspective on some
of the people and concepts that best convey the life and legacy
of Norbert Freinkel. This perspective can be compared and con-
trasted with one that was provided 2 years after Norbie’s death.1

Northwestern University’s Diabetes 
in Pregnancy Center: Vehicle 
of the legacy
After making major, pioneering contributions to the under-
standing of thyroid hormone metabolism2–4 and to other areas
of endocrinology early in his career, in the mid 1960s Norbert
Freinkel turned his interests and talents to the study of inter-
mediary metabolism in normal and diabetic pregnancy.4–7

By the early 1907s, he had established a Diabetes in Pregnancy
Center (DPC) at Northwestern University and had attracted
research collaborations globally. Over the next two decades,
a virtual ‘who’s who’ of the world’s leading established and
future investigators of intermediary metabolism in normal
and diabetic pregnancy (basic and clinical) could be compiled
from those that spent time as visiting scientists at the
Northwestern University DPC. Several sources of objective
support for this contention are cited below.

Following Norbie’s sudden, untimely death,8 the American
Diabetes Association established the Norbert Freinkel Lecture
through the support and encouragement of many colleagues,
friends and patients. The Freinkel Lectureship is held under the
auspices of the Diabetes in Pregnancy Council. On a triennial
basis, it is integrated into the program of the International
Diabetes Federation Congress. A review of the names of the
Freinkel Lecturers chosen to date and the topics chosen for their
lectures (Table 4.1) provides a vignette of the Freinkel legacy.

The Diabetic Pregnancy Study Group (DPSG), an affiliate
of the European Association for the Study of Diabetes, held its
first meeting in 1969. Norbie, then on a sabbatical leave at
Cambridge University, was invited to be the ‘keynote’ speaker
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Figure 4.1 Norbert (Norbie) Freinkel.
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at that inaugural DPSG event. The annual Jörgen Pedersen
Lecture that was established by the DPSG in 1980 honors indi-
viduals who have made major contributions to the field. Norbie
was an early Jörgen Pedersen Lecturer and the depth of his
impact on diabetes and pregnancy is reflected in the fact that 
9 of the 24 lecturers that were named between 1980 and 2006
have had ties to Norbie through collaboration or by time spent
at the Northwestern University DPC. Another measure of his
lasting legacy is illustrated by the fact that in the year 2006,
more than 20% of the 61 members and honorary members of
the DPSG have this kind of linkage with Norbert Freinkel.

The last illustration of the enduring human dimensions of
the Freinkel legacy is proved through the composition of the
editorship and authorship of this text. The lead editor and one
or more of the contributing authors to 40% of the chapters 
in the book have associations with Norbie (first or second 
generation) by way of their collaboration with or training 
at the Northwestern University DPC.

Freinkel concepts of metabolic
regulation in pregnancy
Beginning with his earliest studies of metabolic changes
during pregnancy, Norbert Freinkel directed his interests to
the mutual interplay between mother and fetus. He regarded
these changes as adaptations to facilitate optimal development
of the fetus. Norbie had the unparalleled ability to synthesize
diverse observations into cohesive concepts with clinical
application. Some examples are summarized briefly in the fol-
lowing paragraphs.

‘Accelerated starvation’
In Freinkel’s laboratory and others, it was demonstrated that
the transition from a basal or overnight fasting metabolic
status to the pattern that is characteristic of the ‘prolonged

fasted state or starvation’ is exaggerated during pregnancy.7

Since the exaggerated changes differed in both temporal and
absolute dimensions, Norbie characterized this pattern as
‘accelerated starvation.’9 A number of clinical and epidemio-
logical studies suggest that greater than normal levels of
ketonemia/ketonuria during pregnancy may have adverse
effects on fetal development and subsequently, adverse neuro-
logical consequences.10–12 Thus, it is common clinical practice
to avoid dietary manipulations during pregnancy that might
enhance ketogenesis such as marked restriction of calorie or
carbohydrate intake. However, since the demonstration of
‘accelerated starvation’ was initially documented in animal
models and in women that were subjected to prolonged star-
vation prior to having termination of pregnancy in early or
mid gestation, the relevance of ‘accelerated starvation’ to the
clinical management of normal, healthy pregnancies was
uncertain until the report entitled ‘“Accelerated starvation”
and the skipped breakfast in late normal pregnancy’13 was
published from the Northwestern University DPC. As noted in
Figure 4.2, this study illustrated that even the common prac-
tice of delaying or skipping breakfast until lunchtime is suffi-
cient to provoke early metabolic changes (fall in concentration
of plasma glucose and increases in FFA and β-hydroxybu-
tyrate), that if continued for a relatively short interval, could
result in the full metabolic profile of accelerated starvation.

‘Facilitated anabolism’
The metabolic changes that can be observed during the 
disposition of food intake are numerous. Many aspects of
a characteristic diurnal metabolic profile of pregnancy were
described in reports from the Northwestern group. The medi-
ation of the these changes and the implications for normal
pregnancy as well as the states of altered nutrition or meta-
bolism (obesity, diabetes, malnutrition) are not fully defined 
and continue to be of great interest to investigators. Norbie
interpreted the perturbations that were observed in normal
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Table 4.1 Norbert Freinkel Lectures

Lecturer Year Title of lecture

John Bell 1991-IDF Genetic Susceptibility to IDDM
Lars Mølsted-Pedersen 1992 Management of Chronic Hypertension in the Pregnant Diabetic Woman
Boyd Metzger 1993 Diabetes Begets Diabetes: The Last Tenet of the Freinkel Hypothesis
John O’Sullivan 1994 The Birth of Gestational Diabetes
Ulf Eriksson 1995 Intracellular Mediators of Diabetic Embryopathy: Is There a Common Pathway?
John Kitzmiller 1996 Pregnancy Planning and Care for Women with Chronic Diabetic Complications
Donald Coustan 1997-IDF Gestational Diabetes: 33 Years Without Consensus
David Pettitt 1998 Long-Term Impact on the Offspring: The Pima Experience
Thomas Buchanan 1999 Fetal and Maternal Risks in GDM: Sorting Wheat from Chaff
Patrick Catalano 2000-IDF Insulin Resistance in Pregnancy and Gestational Diabetes: Implications for Mother and Fetus
Lois Jovanovic 2001 Glucose Mediated Macrosomia: The Over-Fed Fetus and the Future
Jorge Mestman 2002 History of Diabetes and Pregnancy: Lessons from the Past
Oded Langer 2003-IDF The Diabetes In Pregnancy Dilemma: Leading Change With Proven Solutions
F Andre Van Assche 2004 The Fetal Origin of Adult Diseases
Steven Gabbe 2005 Gestational Diabetes Mellitus – What Have We Learned in 30 Years?
David Hadden 2006-IDF Prediabetes and the Big Baby
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pregnancy as adaptations to assure an adequate delivery of
nutrients to the fetus and coined the phrase ‘facilitated
anabolism’14 to convey the aggregate changes. In his view, the
insulin resistance of pregnancy plays a key role in bringing
about the changes in carbohydrate, lipid and amino acid
metabolism that ‘facilitate anabolism.’ Thus, during an OGTT
in normal pregnant women, net area under the glucose curve
(AUGC) was found to correlate with the overnight fasting
concentration of free fatty acids (FFA) (Figure 4.3), and the
decline in FFA after a glucose load was delayed despite the
increasing glucose and insulin concentrations.14 Though 
the postulated mechanisms differ from those originally 
proposed by Randle and others, the role of FFA metabolism 
as a concomitant and potentially mediating factor in insulin
resistance is presently receiving renewed attention.15 In the
studies mentioned above, correlations were also found
between triglycerides and AUGC and between basal and stim-
ulated insulin and AUGC. The strong inter-relationships
between glycemia, aminoacidemia, lipids and insulin sensitiv-
ity and secretion must be considered in trying to interpret 
correlations between triglycerides and birthweight or fetal
body composition or between birthweight and maternal
insulin sensitivity during and outside of pregnancy.16

Metabolic change as ‘teratogens’
In the late 1970s and early 1980s, Freinkel and his group
extended their focus beyond the factors that mediate insulin

secretion in the fetus, insulin-dependent fetal growth and
other manifestations of third trimester fetal hyperinsulinism
to consider the consequences of an altered intrauterine meta-
bolic environment throughout gestation. Describing preg-
nancy as ‘a tissue culture experience’17 put this concept into
sharp relief and Norbert Freinkel’s 1980 Banting Lecture18 was
a masterful blend of an overview and integration of previous
work in concert with a prescient grasp of the life-long 
implications of exposure to the intrauterine environment of
diabetes mellitus. He illustrated clearly (Figure 4.4) that the
consequences of metabolic disturbances at various times
during gestation are different and that the implications of
altered metabolism in GDM and in pre-existing diabetes are
also different.

Through work in his laboratory at the DPC,19–21 as well as
through the subsequent and still ongoing work of those initially
trained in embryo culture techniques at Northwestern, Norbert
Freinkel was the driving force in demonstrating that at specific,
finite times during gestation, the metabolic changes of diabetes,
and metabolic changes that can occur through other mecha-
nisms can be primary factors in teratogenesis. The capacity to
define precisely the time and nature of specific metabolic insults
led to the realization that the metabolic insults of DM on fetal
development are probably multi-factorial and that recovery
from the metabolic perturbation lags behind simple rectification
of the altered concentration of metabolites. Though the specific
mechanisms and molecular mediators that lead to dysmorpho-
genesis are not yet clear, these insights have stimulated efforts
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Figure 4.2 Changes in plasma concentration of glucose, alanine, free fatty acids, and β-hydroxybutyrate in non-pregnant and
pregnant women between 12 h fast and 18 h fast during the third trimester. (Adapted from Fig. 1, reference 13.)
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Figure 4.3 The relationship between the glycemic response to a 100 g glucose load during pregnancy and fasting FFA
concentration. Regression equation was derived to relate fasting FFA at the time of glucose ingestion to the integrated changes in
plasma glucose (‘net glucose area’) during the subsequent 3 h. Subjects were normal women at weeks 30–40 of pregnancy.
(Adapted from Fig. 2, reference 14.)
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Figure 4.4 Potential long-range effects upon the fetus of chronic alterations in concentrations of maternal fuels during pregnancy.
Fuel-mediated teratogenesis as the basis for long-range anatomic and functional changes. (Reproduced with permission from 
Fig. 12, reference 18.)
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to establish optimal metabolic control before conception. Such
efforts are highly successful when they are achieved though
good control of DM before pregnancy is far from universal.22

Long-term consequences of intrauterine exposures
Testing the hypotheses that the consequences of alterations 
in intrauterine metabolic insult are conditioned by the time in
gestation that the exposure occurred and that important 
outcomes may have latency before appearing much later in
development required a long-term perspective. At the
Northwestern University DPC, that was implemented through
an NIH-funded ‘Prospective, long term follow-up study of
offspring of diabetic mothers’ that has continued for more
than two decades. It was initiated between 1978 and 1983 
and focused on neurobehavioral development, adipose tissue
development and obesity and β-cell function and glucose
homeostasis. However, the majority of the studies that con-
firmed the initial hypotheses that lifelong functions of these
tissues are vulnerable to intrauterine insult were not con-
cluded until after Norbie’s sudden, untimely death. For the
purpose of this report, the commentary has been limited to
several reports of Silverman and co-workers.23–26 These indi-
cate that risks of both obesity and altered glucose homeostasis
(impaired glucose tolerance and Type 2 diabetes) in late 
childhood and adolescence are increased by exposure to the
intrauterine environment of DM in mid and/or late gestation.
The mechanisms by which adipose tissue development and
glucose homeostasis are influenced in later life in offspring of
diabetic mothers continue to be studied intensively. However,
in the Northwestern DPC study, the risks were strongly 
associated with markers of fetal hyperinsulinism (primarily
amniotic fluid insulin concentration measured at the time of
third trimester amniocentesis).

Concurrently, the epidemiological studies in the Pima
Indian population of Arizona by Pettitt and co-workers have
provided very complementary findings.27–29 However, in this
population with the world’s highest prevalence of Type 2 DM,
direct information about fetal or neonatal insulin secretion is
not available and large size at birth has served as the marker
for infants that have been exposed to the intrauterine environ-
ment of diabetes mellitus.

The data from the Northwestern University DPC, from the
Pima study, and from others, along with supporting evidence
with animal models, provide convincing evidence that 
‘diabetes begets diabetes’ through the intrauterine environment
and is contributing significantly to the epidemic of Type 2 DM
in adolescents and young adults, including a rising prevalence
of gestational diabetes mellitus.30 It remains to be determined
if the vicious cycle can be effectively interrupted by more

timely diagnosis and effective therapy of diabetes antedating
pregnancy (preexisting diabetes) and of GDM.

The Freinkel legacy and the future
This brief overview provides clear evidence that the legacy 
of Norbert Freinkel is being strongly sustained nearly two
decades after his death. How this legacy will help shape the
future directions of research and stimulate new clinical
approaches is uncertain. However, the trail will not be difficult
to follow. One area that will continue to reflect Norbie’s 
concepts is future developments in GDM. Norbert Freinkel
initiated and chaired the first two International Workshop
Conferences on GDM. The third was in an early stage of
planning at his death. Studies of GDM were initiated in 
the Northwestern University DPC for two reasons. The first 
objective was to learn more about the pathogenesis of GDM
and progression to DM among women in this high-risk 
population. Women with previous GDM have been used 
successfully in efforts to develop pharmacologic and lifestyle
strategies to prevent or delay the onset of Type 2 DM among
high-risk subjects. Secondly, GDM was looked upon, as a good
model to determine how much alteration of nutrient metabo-
lism was required to have adverse effects on the offspring. The
Hyperglycemia and Averse Pregnancy Outcome (HAPO) study31

should soon provide an answer to that dilemma and foster the
adoption of criteria for GDM that are based on the level of
glycemia that is associated with clinically significant risk.
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Introduction
During pregnancy, the mother adapts her metabolism 
to ensure the continuous supply of nutrients to the fetus in
order to sustain its exponential growth. Among those nutri-
ents crossing the placenta, glucose is quantitatively the most
important, followed by amino acids. Although lipids cross the
placenta in much lower proportion than the other nutrients,
maternal lipid metabolism is consistently and intensely
affected during pregnancy in order to satisfy maternal and
fetal needs. Fetal growth and development also depend on
other essential nutrients, like vitamins. The metabolism of
certain vitamins is therefore affected during pregnancy 
to ensure their proper availability to the fetus. The purpose of
this chapter is to review the main changes in carbohydrate,
amino acids, lipid and vitamin metabolism that take place
throughout pregnancy under normal conditions.

Carbohydrate metabolism
Glucose is the primary energy source of fetoplacental tissues.
During early pregnancy, basal plasma glucose and insulin
levels and hepatic gluconeogenesis are unchanged.1 However,
during late pregnancy, the mother develops hypoglycemia,
which is specially manifest under fasting conditions, when the
rate of gluconeogenesis from different substrates is enhanced.2,3

The use of different substrates for such increased gluconeogen-
esis is variable: the conversion of glycerol to glucose rather than
other more classical gluconeogenetic substrates like pyruvate or
alanine is specially intense.4 The development of maternal
hypoglycemia despite the enhanced gluconeogenesis and the
reduced consumption of glucose by maternal tissues, due to
her insulin-resistant condition, is the result of the high rate of
placental transfer of glucose, which is greater than that of any
other substrate (Figure 5.1).5 This preponderance of placental
transfer of glucose over other metabolites has been demon-
strated in different species. It is carried out by facilitated diffu-
sion according to concentration-dependent kinetics and
thanks to the presence of a high number of glucose trans-
porters, particularly GLUT1.6 The fetus does not synthesize
glucose but uses it as its main oxidative substrate. This causes
fetal glycemia to be normally lower than that of its mother,

allowing a positive maternal–fetal glucose gradient, which
facilitates its placental transfer.

Protein and amino acid metabolism
The accretion of protein is essential for fetal growth and must
be sustained by the active transfer of amino acids from 
maternal circulation. There is no evidence that pregnant
women store protein during early pregnancy, when fetal needs
are scarce. Therefore, the increased requirements of late preg-
nancy must be met by metabolic adjustments that enhance
both dietary protein utilization and nitrogen retention in
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Figure 5.1 In situ placental transfer of D-glucose, L-alanine,
palmitic acid, glycerol and VLDL-triacylglycerols (VLDL-TG) in
20-day pregnant rats. Placental transfer was measured by the
infusion of 14C-labeled substrates through the left uterine artery
for 20 min and making the proper correction of data for
specific activity dilution and uterine blood flow. Data are
expressed as percentual value of all the studied substrates,
numbers between breakers indicate the mean absolute value of
the transfer for each substrate, expressed as nmol/min/g fetal
body weight. Other details in reference 5.
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Figure 5.2 Plasma concentration of total amino acids in fed and 24 h fasted virgin and 20-day pregnant rats and their fetuses. Letters
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order to satisfy fetal demands. Protein metabolism changes
gradually throughout gestation, so that nitrogen conservation
for fetal growth achieves full potential during the last quarter
of pregnancy.7 Nitrogen balance studies showed that the rate
of maternal nitrogen retention between 20 and 40 weeks 
of gestation was greater than the predicted need,8 leading 
to the proposal that the mother gains additional protein in 
her own tissues. The increased nitrogen retention in late 
pregnancy is due to a reduction in urinary nitrogen excretion
as a consequence of decreased urea synthesis.7 In late preg-
nancy, nitrogen balance is improved, allowing a more efficient
use of dietary proteins.9

Although these alterations in protein metabolism during
late pregnancy favor nitrogen conservation, pregnancy is 
associated with hypoaminoacidemia, which is specially 
evident during fasting, is present at early gestation, and 
persists throughout pregnancy.10,11 Since insulin infusion in
non-pregnant adults decreases both plasma amino acid levels
and protein breakdown, it is proposed that the decrease in
plasma amino acid levels found during normal pregnancy is not
associated with the pregnancy insulin resistant condition. Thus,
maternal hypoaminoacidemia reflects enhanced placental
amino acid uptake. Additionally, maternal oxidation of
branched-chain amino acids decreases in late pregnancy,
increasing their availability for transfer to the fetus.12

Contrary to glucose, the concentration of most amino
acids in fetal plasma is higher than that found in the mother,
because placental transfer of amino acids is carried out by an
active process, using selective transporters and metabolic
energy.13 This capacity to concentrate amino acids in the fetal
side against the gradient versus maternal levels is clearly seen
in the fed and 24 h fasted rat. As shown in Figure 5.2, under
fed conditions, maternal plasma total amino acid levels are
similar in 20 day pregnant rats and sex- and age-matched
virgin animals, whereas the levels in fetal plasma are already
higher than in the mother. However, after fasting, the decline
of plasma amino acids in the late pregnant rat is greater than

that seen in virgin animals, whereas fetal plasma total amino
acid concentration remains the same as when fed. Thus, under
fasting, the fetal/maternal total amino acid ratio becomes even
higher than when fed, showing the efficiency of the placenta in
transfering amino acids against the gradient. A multiplicity of
factors affects the overall placental amino acid delivery rates,
including the activity and location of the amino acid trans-
porter systems, changes in placental surface area, uteroplacen-
tal blood flow and maternal concentrations of amino acids,13

all of which change as gestation advances and are dependent
on maternal health conditions.14

Lipid metabolism
Accumulation of fat depots in maternal tissues and maternal
hyperlipidemia are characteristic features during normal
pregnancy. Besides, although lipids cross the placenta with 
difficulty, essential fatty acids (EFA) and long-chain polyun-
saturated fatty acids (LCPUFA) are needed for fetal growth
and development and must arrive from maternal circulation.
Thus, throughout pregnancy there are major changes in lipid
metabolism.

Adipose tissue metabolism
Fat accumulation takes place during the first two-thirds of
gestation15,16 and represents most of the increase in maternal
structures that take place during pregnancy.17 It is the result of
both hyperphagia and enhanced lipid synthesis, and is driven
by the enhanced adipose tissue insulin responsiveness that
occurs during early pregnancy.18

Increments of maternal fat depots stop during the third
trimester of gestation as a consequence of two changes: (1) a
decrease in lipoprotein lipase (LPL) activity,19 which mainly
corresponds to that present in adipose tissue20 and causes 
a decline in the hydrolysis and tissue uptake of triacylglycerols
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circulating in triacylglycerol-rich lipoproteins (chylomicrons
and very low density lipoproteins, VLDL); and (2) an
increased adipose tissue lipolytic activity, which is specially
manifest under fasting conditions.21,22

The placental transfer of the products of adipose tissue
lipolysis released into the circulation, non-esterified fatty acids
(NEFA) and glycerol, is quantitatively low,23 and therefore
their main destiny is maternal liver. In liver, NEFA are converted
into acyl-CoA, and glycerol into glycerol-3-phosphate, which
are partially re-esterified for the synthesis of triacylglycerols.
These are released back into the circulation in the form of
VLDL, as maternal liver production is enhanced. In addition,
whereas glycerol is also used as a preferential substrate for 
gluconeogenesis, NEFA are used for β-oxidation, leading 
to energy production and ketone body synthesis. These path-
ways are markedly increased under fasting conditions in late
pregnancy.3,24 Ketone bodies easily cross the placenta.25

Although not synthesized by the fetus, in fetal circulation, they
reach the same concentration as in the mother.26 Different to
what occurs in adults, ketone bodies can be used by the fetus
not only as energetic fuels but as substrates for brain lipids.27,28

Thus, as shown in Figure 5.3, both the mother and the fetus
benefit from the enhanced adipose tissue lipolytic activity
during late pregnancy, and very especially during the fasting
periods. The preferential conversion of glycerol to glucose
allows the preservation of other gluconeogenic substrates like
alanine and other amino acids for their transfer to the fetus.
The active production of ketone bodies from fatty acids by
fasting maternal liver, besides their transfer to the fetus, allows
their use by certain maternal tissues such as skeletal muscle as
alternative fuels. This production also saves glucose for its use
by maternal tissues like the nervous system, which depends on
glucose, as well as for its placental transfer.

Although pregnancy hormones may contribute to some 
of these changes, it is thought that the insulin-resistant 

condition of late pregnancy is the main factor contributing 
to the increased adipose tissue lipolytic activity and hepatic
VLDL production, as well as the increased gluconeogenesis
and ketogenesis under fasting conditions.

Hyperlipidemia
Hyperlipidemia normally develops during the last third of
gestation and mainly corresponds to increases in triacylglyc-
erols, with smaller rises in phospholipids and cholesterol.17,19

Besides an increase in VLDL levels as a result of their enhanced
liver production and decreased removal from circulation as 
a consequence of reduced adipose tissue LPL activity,
the increase in plasma triacylglycerols corresponds to their
proportional enrichment in both LDL and HDL,19 lipopro-
teins that are normally poor in triacylglycerols. Such changes
in the maternal lipoprotein profile and composition are the
result of the simultaneous action of several factors, which are
schematically summarized in Figure 5.4: (1) enhanced arrival
of the adipose tissue lipolytic products, NEFA and glycerol,
to the liver, which facilitates the hepatic synthesis of triacyl-
glycerols and their subsequent release into the circulation 
as VLDL; (2) decreased removal of VLDL from circulation 
as a consequence of the reduced adipose tissue LPL activity;
(3) increase in cholesteryl ester transfer protein (CETP) activ-
ity that takes place at mid-gestation,29 facilitating the exchange
of cholesterol by triacylglycerols from LDL and HDL with
VLDL; and (4) intense decrease in hepatic lipase (HL)19 which
decreases the conversion of buoyant HDL2b triacylglycerol-rich
particles, into small triacylglycerol-poor and cholesterol-rich
particles (HDL3), allowing the accumulation of the former.19

Besides the insulin-resistant condition, which enhances
adipose tissue lipolytic activity and decreases its LPL activity,30

the increase in plasma estrogen concentrations during 
gestation also contributes to maternal hypertriglyceridemia,

Lipid metabolism 27

NEFA KETONE BODIES

GLYCEROL

ADIPOSE
TISSUE

MUSCLE

FETUS

GLUCOSE

CO2+ ATP

Proteins

Amino
acidsMaternal

glucose
dependent

tissues

LIVERTG
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since it enhances hepatic VLDL production31 and decreases
HL expression and activity.32

Benefits of maternal hypertriglyceridemia 
to the fetus and newborn
Although maternal triacylglycerols do not directly cross 
the placenta,23 we think that there are several ways by which 
the fetus and newborn may benefit from maternal hyper-
triglyceridemia, as follows.

Use of triacylglycerols as metabolic fuels
Although adult liver does not normally express LPL activity,
studies in the rat have shown that under fasting conditions
during late pregnancy, there is an increment in liver LPL activ-
ity.33 This liver LPL seems to be the result of the wash-out of
LPL from extra-hepatic tissues carried out by the remnants of
the triacylglycerol-rich lipoproteins. In this way, under fasting
conditions, the maternal liver switches from an exporter organ
to an importer of plasma triacylglycerols, which may be used

as substrates for ketogenesis. This allows the exaggerated
increase in plasma ketone bodies, which, as commented
above, save glucose in maternal tissues as well as cross the 
placental barrier and are directly metabolized by the fetus.

Placental transfer of polyunsaturated fatty acids (PUFA)
Essential fatty acids (EFA) and LCPUFA from either maternal
diet or endogenous interconversion are mainly transported in
their esterified form in maternal plasma lipoproteins rather
than as NEFA.34 The placenta expresses receptors for all the
major plasma lipoproteins. It has different lipolytic activities,
including LPL, phospholipase A2 and an intracellular lipase
and it also expresses fatty acid-binding proteins (for a review
see Herrera et al.35). Thus, esterified PUFA in maternal plasma
lipoproteins are taken up either intact through the placenta
receptors or only their constituent fatty acids after hydrolysis.
Within the placenta, fatty acids are re-esterified to be latterly
hydrolyzed and, in their free form, finally diffuse to fetal
plasma. This process, together with the direct transfer of NEFA
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and the intrinsic placental fatty acid metabolism, determines
the actual rate of the selective placental fatty acid transfer,
which is essential for fetal development.

Contribution to milk synthesis in preparation 
for lactation
Around parturition, there is a rapid increase in mammary
gland LPL activity,36 which, together with the low LPL activity
in adipose tissue,20 drive circulating triacylglycerols to the
mammary gland. Through this mechanism there is a rapid
disappearance of maternal hypertriglyceridemia,19 and EFA
and LCPUFA from maternal circulation are taken up by 
mammary gland for milk synthesis to become available to the
suckling newborn, contributing to its normal development.

Vitamin metabolism in pregnancy
Adequate maternal micronutrient and vitamin status is 
especially critical during pregnancy and lactation. Several
micronutrient deficiencies (like iron, iodine, zinc) are well
established as contributors to abnormal prenatal development
and/or pregnancy outcome. But less well-recognized for their
importance are deficiencies of vitamins. Evidence is accumu-
lating that maternal antioxidant status is important to prevent
abnormal pregnancy outcomes. In lactation, the maternal
status of several of these vitamins affects their concentration
in breast milk. The main cause of multiple vitamin deficien-
cies is a poor quality diet, even though gene polymorphism
can also impair vitamin absorption or alter their metabolism,
and cause vitamin deficiency. In some diets high in unrefined
grains and legumes, the amount of nutrients consumed may
be adequate, but dietary constituents, such as phytanes and
polyphenols, can also limit their absorption.

We summarize here the main changes in the metabolism 
of the vitamins during pregnancy which have the highest
implications in fetal growth and development.

Hydrophilic vitamins
Folic acid

Folates act in different one-carbon transfer reactions,
including purine and thymidylate biosynthesis, amino acid
metabolism and formate oxidation. Purine and thymidylate
biosynthesis is a fundamental requisite event underlying DNA
and RNA synthesis. Thus, it is obvious that these folate-
dependent reactions are essential for fetal growth and devel-
opment and for maternal well-being.

Pregnancy is associated with an increased folate demand
and, in some cases, leads to overt folate deficiency. The increase
in folate requirement during pregnancy is due to the growth of
the fetus and uteroplacental organs. Circulating folate concen-
trations decline in pregnant women who are not supplemented
with folic acid.37 Possible causes for the declines in blood folate
include increased folate demand for the fetus, increased folate
catabolism, increased folate clearance and excretion, decreased
folate absorption, hormonal influence on folate metabolism as
a physiological response to pregnancy and low folate intake.38,39

Whatever the reasons for the decline, it is essential that plasma
folate be kept above a critical level (>7.0 nmol/L) because
plasma maternal folate is the main determinant of transplacen-
tal folate delivery to the fetus. There is a strong positive associ-
ation between maternal plasma, cord plasma and placental
folate concentrations, suggesting that transplacental folate
delivery depends on maternal plasma folate concentrations.
In placental perfusion studies, it has been found that 
5-methyltetrahydrofolate (the main form of folate in plasma)
is extensively and rapidly bound in the placenta but transferred
to the fetus in low amounts at a slow rate.40 The placental folate
receptor (FR) favors the binding of 5-methyltetrahydrofolate
and can transfer folate against a concentration gradient; hence,
the fetal perfusate is about 3-fold that of the maternal per-
fusate. The transfer of 5-methyltetrahydrofolate from the
maternal to the fetal perfusate is not saturable in a range well
above typical physiologic concentrations.41 The placenta is rich
in FR and is one of the tissues that express the α-isoform of
FR (FR-α) in abundance. FR-α is a membrane-bound 
glycosylphosphatidylinositol-linked glycoprotein and the 
primary form of FR in the epithelial cells. The importance of
FR-α in placental folate transfer is inferred from the fact that
an FR-α knockout mouse is embryo-lethal.42 Maternal folate
status should be kept adequate to maintain plasma folate above
a certain concentration for placental transfer.

Studies conducted in recent years led to recognition that
supplementing with folic acid reduced the prevalence of folate
deficiency in pregnancy and prevented pregnancy-related 
disorders. Data from these studies suggest that 200–300 µg
folic acid per day is needed in addition to dietary folate 
to maintain normal folate status and to prevent folate 
deficiency during this time.43,44

Vitamin C
In addition to the prevention of scurvy, vitamin C has 
numerous other functions and is a co-factor for several
enzyme systems. For humans, vitamin C is an essential vita-
min, with an important antioxidant function. As antioxidant
defense systems are important to protect tissues and cells from
damage caused by oxidative stress, an imbalance between
increased oxidative stress and decreased antioxidant defenses
impairs fetal growth.45 Thus, pregnant women utilize a defense
mechanism, composed of antioxidant enzymes and nutrients
including vitamin C, against oxidative stress and free-radical
damage. It is believed that ascorbic acid, through conversion
to dehydroascorbic acid, crosses the placenta to enter fetal 
circulation. Once dehydroascorbic acid is present in the fetal
circulation, it is reduced back into ascorbic acid and is main-
tained in high concentrations on the fetal side of the 
placenta.46 Maternal serum vitamin C levels during the second
trimester of gestation are correlated with birthweight and
length in full-term babies.47

Lipophilic vitamins
Because lipophilic vitamins are fat soluble, they share several
common mechanisms with other lipidic substances concerning
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their metabolism and transfer to the offspring. Although
lipophilic vitamins are essential during intrauterine and early
postnatal life, little is known about their placental transfer
during pregnancy and mammary gland uptake during lactation.

Vitamin D
Vitamin D metabolites have numerous potential physiological
and pharmacological actions, but their principal physiological
function is maintaining serum calcium and phosphorus 
concentrations in a range that supports cellular processes,
neuromuscular function and bone mineralization. In humans,
vitamin D (cholecalciferol or vitamin D3) can be synthesized
endogenously from 7-dehydrocholesterol in the epidermis of
the skin after exposure to ultraviolet B radiation, or can come
from dietary sources. Vitamin D3 is then transported to the
liver and hydroxylated to the inactive but biologically abun-
dant 25-hydroxyvitamin D (25-OH D), which is the major 
circulating form of vitamin D. The active metabolite of
vitamin D3 is 1,25-dihydroxyvitamin D (1,25-(OH)2 D),
which is formed after further hydroxylation in the kidney. This
active metabolite of vitamin D increases the efficiency of
intestinal calcium absorption, decreases renal calcium excre-
tion and, in conjunction with the parathyroid hormone
(PTH), mobilizes calcium from bone.

Significant changes in maternal vitamin D and calcium
metabolism occur during pregnancy to provide the calcium
needed for fetal bone mineral accretion. Fetal 1,25(OH)2D3

levels are low, whereas maternal levels are strikingly elevated
during pregnancy before rapidly returning to normal after
parturition.48 This increase in maternal 1,25(OH)2D3 levels
appears to be caused by increased production rather than
decreased clearance, but the precise source of the increased
1,25(OH)2D3 synthesis has yet to be fully defined. There is 
evidence of 1α-hydroxylase activity in the placenta and decid-
uas, suggesting that these tissues might also contribute to
1,25(OH)2D3 levels.49 The placenta is a possible site of
1,25(OH)2D3 production, independent of the maternal and
fetal kidneys. The presence of a specific vitamin D receptor in
placenta and deciduas has also been well documented, under-
lining the potential for autocrine or paracrine effects of
1,25(OH)2D3 within these tissues.50 The precise function of
the 1,25(OH)2D3 produced by placenta has yet to be fully
defined. 1,25(OH)2D3 passes through the placenta barrier
bidirectionally to sustain the active transport of calcium
across the placenta during late gestation, although current
data suggest that the production of 1,25(OH)2D3 by placenta
may be less crucial to the maintenance of maternal and fetal
calcium homeostasis than originally thought.51 The fetus has
developed several ways to either induce tolerance or escape
from the maternal immune system, and it has been proposed
that placental produced 1,25(OH)2D3, acting in concert 
with other mechanisms, may play a key role in maintaining
pregnancy by suppression of the maternal immune system.52

Approximately 25–30 g of calcium are transferred to the
fetal skeleton by the end of pregnancy, most during the last
trimester. It has been estimated that the fetus accumulates up
to 250 mg/dL calcium during the third trimester. The three
possible calcium sources that may supply the mother with the

necessary calcium to support fetal growth include increased
intestinal absorption from the diet, increased renal conservation,
and increased bone mobilization.53

To date, there is no evidence to indicate a beneficial effect
of vitamin D intake during pregnancy above amounts 
routinely required to prevent vitamin D deficiency among
non-pregnant women.

Vitamin A
Vitamin A exists in several forms in animal tissues: retinol,
retinal, retinoic acid and retinyl esters, mainly as retinyl palmi-
tate. All forms of vitamin A are hydrophobic compounds that
are highly unstable in the presence of O2. A diet deficient in
either retinol or in the provitamin A carotenoids that can be
metabolized to retinol results in impaired growth, night blind-
ness and ultimately, xerophthalmia and blindness. We now
know that there are two metabolites of vitamin A, retinoic acid
and retinal, which are responsible for growth and develop-
ment by regulating gene expression, whereas retinal and its
isomers are responsible for the visual function of vitamin A.
The potential adverse effect of poor vitamin A status on preg-
nancy outcomes was demonstrated in an intervention study in
a region of Nepal with endemic vitamin A deficiency: supple-
mentation of these women with the recommended daily
intake of vitamin A reduced maternal mortality by 40%, and
supplementation with β-carotene reduced mortality by 49%.
The apparent cause of the reduced mortality risk was a
decreased susceptibility to infection.54 Another advantage of
vitamin A supplementation of pregnant women is that it can
increase hemoglobin concentrations.55

During pregnancy, maternal plasma retinol concentrations
fall as gestation advances (Figure 5.5),56 and this effect reflects
the increasing demands of the rapidly growing maternal and
fetus tissues. Fetal retinol supply is essential, as retinoids are
involved in growth and cellular differentiation of the fetus.
Even though retinol is the only form of vitamin A that 
supports reproduction in full, all-trans retinoic acid appears to
be the most important form for proper embryonic develop-
ment. Vitamin A plays an essential role in the development of
organs such as the lungs, heart, and skeleton; retinoic acid also
enables the setting up of the vascular and nervous system,
and is involved as a morphogenic agent during embryonic
development.57,58 Both cytoplasmatic and nuclear classes of
retinoid binding proteins (CRBP, CRABP and RAR, RXR) are
expressed early in development and are proposed to control the
concentration of retinoic acid and the transcription activity of
retinoid responsive genes, respectively. RAR regulate many
developmental control genes, including homeobox genes and
growth factor genes. Multiple fetal anomalies occur in vitamin
A-deficient, as well as in RAR-deficient knockout mice, but an
excess of vitamin A also induces the same type of abnormality:
the importance of the abnormality depends on the period of
gestation and the duration of the excessive or deficient supply.

The transfer of vitamin A from mother to fetus is carefully
regulated in such a way that it allows vitamin A levels in the
fetus to remain unaffected by alterations in maternal vitamin
A status, except in conditions of deficiency or excess.59 The
placenta’s vitamin A content increases in the last trimester of
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pregnancy thanks to the supply of vitamin A from maternal
stores (i.e. liver).60 The amount of retinol provided to the fetus
usually remains constant until maternal stores are almost
totally depleted. Perfusion studies show that retinol is taken up
and concentrated in the placenta, but the exact mechanism of
transfer remains unknown. Although the retinol binding 
protein (RBP) seems to be involved,61 it might be dispensable
for retinol transfer,62 because homozygous RBP-null mutant
mice are viable and fertile. Studies in rats showed that in early
gestation, maternal RBP is transported across the placenta and
delivers retinol, whereas in late gestation, a different mecha-
nism appears to be operating because fetal liver is capable of
synthesizing RBP.63 In vivo studies show that maternal RBP
does not cross the placental membrane barrier in the last
trimester of gestation and cannot enter fetal circulation.64

In humans, serum apo-RBP (retinol-free) concentration
appears to be elevated during pregnancy, suggesting that preg-
nancy may alter the affinity of RBP for retinol or induce the
binding of the vitamin to other uncharacterized proteins.65

Other forms of vitamin A, such as retinyl esters and retinoic
acid, can also be taken up at the placental barrier.

Although under normal conditions there are no significant
correlations between maternal and cord plasma concentra-
tions of retinol or carotenoids, some authors report a weak
but statistically significant correlation when the concentration
of retinol in cord and maternal plasma are low.66 Published
studies in humans show that maternal subclinical vitamin A
deficiency is related to neonatal subclinical vitamin A 
deficiency and to low birth weight,66,67 and a high percentage
of preterm neonates have marginal values of vitamin A
(<0.35µmol/L).

The situation with vitamin A in early lactation is peculiar.
Because of the limited transplacental transfer, infant liver
stores of vitamin A at birth are small even in well-nourished
populations, so newborns are greatly dependent on dietary
intake of this vitamin to establish proper tissue stores,
maintain rapid growth, and develop their immune system.
Colostrum contains higher vitamin A concentration than
milk, and has an important role to play in providing initial
protection against vitamin A deficiency to the newborn.68

The timing of colostrum ingestion seems to play a role in the
efficiency of intestinal vitamin absorption: thus colostrum
feeding on the day of birth is important for the establishment
of absorptive mechanism allowing intestinal transport of
fat-soluble vitamins. Further, breast milk is a good source of
vitamin A and clinical vitamin A deficiency is rare in breast-fed
infants during their first year of life.

Debate surrounds the use of retinol supplements during
pregnancy. The use of retinol supplements in well-nourished
mothers does not affect fetus concentrations. High doses of
retinol are teratogenic, and in some countries pregnant
women are advised to avoid retinol-containing supplements.69

However, this advice may lead to vitamin A deficiency.70

Serum retinol is a relatively insensitive indicator of body vita-
min A status: only 1% of the body’s reserves circulate in the
plasma, and homeostatic mechanisms control concentrations
via retinol binding protein concentrations.

Vitamin E
Dietary vitamin E is present as tocopherol, mainly α- and 
γ-tocopherol, and tocopheryl esters. As for retinyl esters,
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tocopheryl esters are hydrolyzed into tocopherol within the
intestinal lumen by pancreatic esterase as well as by intestinal
enzymes. The uptake of tocopherol by enterocytes appears to
occur by passive diffusion, and the efficiency of the absorption
is largely dependent on the quantity and type of fat present in
the diet, even though β- and δ-tocopherol are poorly
absorbed. Tocopherol is not re-esterified during the absorp-
tion process, which does not require any cellular transfer 
protein, and within the enterocyte, is incorporated to the chy-
lomicrons and transported from the intestine to the lymphatic
pathway to reach the bloodstream.

Plasma levels of vitamin E significantly increased from the
first trimester of gestation and reached a maximum in the
third trimester of gestation.56,71,72 Different to vitamin A, there
is no specific protein carrier protein in the serum to transport
vitamin E, which circulates in its alcohol form in serum
lipoproteins. Thus, changes in plasma α-tocopherol levels
during pregnancy parallel maternal hyperlipidemia (see above),
and are also accompanied by the increase of lipid peroxides.
However, γ-tocopherol reaches a maximum concentration in
maternal plasma at mid-gestation. The reason for this differ-
ent concentration pattern between α- and γ-tocopherol
during pregnancy is unknown, but could be related to 
differences in their tissue uptake and intracellular metabolism.

α-Tocopherol concentration in the plasma of human
fetuses is lower than in their mothers, but rises towards the
end of pregnancy. Since α-tocopherol is carried in plasma
associated to the different lipoproteins, its uptake and han-
dling by the placenta is similar to that of the other lipoprotein
lipophilic components (see above in this chapter). Besides, the
placenta expresses α-tocopherol transfer protein (α-TTP) and
similar to the role of this protein in liver, it may actively con-
tribute to the specific transfer of α-tocopherol to the fetus.73,74

Despite the existence of these processes, efforts to investi-
gate the actual kinetics of the transfer of vitamin E by isolated
human placental systems have found that although it is spe-
cific for natural RRR-α-tocopherol rather than any other form
of vitamin E, its rate is very low, only 10% of passively trans-
ferred L-glucose. This justifies the consistent finding of much
lower α-tocopherol levels in fetal plasma and red blood cells
than in maternal ones, indicating an insufficient vitamin E
supply for the fetus throughout gestation.

During lactation, vitamin E intake through milk is the way of
supplying the newborn with an essential defense against oxygen
toxicity and of stimulating the development of its immune
system. A good supply of vitamin E to the offspring is therefore
particularly critical in this period. The increase in vitamin E
content in body tissues of the offspring following birth is attrib-
uted to the ingestion of colostrums and milk, emphasizing the
limited placental vitamin E transfer and the importance of milk
consumption. Colostrum contains higher vitamin E concentra-
tion than milk,75 which may imply an active uptake by the
mammary gland in compensation for the limited placental
transport. A decline in maternal circulating vitamin E concen-
tration is noticed at the end of gestation or in early lactation;
this decrease may be the consequence of a considerable amount
of α-tocopherol present in colostrum. The mechanism of
transfer from blood into milk is not completely understood.
Perhaps the transfer of vitamin E into milk occurs through 

a protein-mediated transport: the presence of an α-TTP like
mechanism in the mammary gland cannot be excluded, nor can
the presence of an SR-BI receptor in the mammary gland,
which could be involved in the uptake of α-tocopherol from
HDL. Further, the high concentration of vitamin E found in
colostrum compared with mature milk might be due to an
increase in activity of the mammary LDL receptors and thus,
to an important uptake of LDL by the mammary gland around
parturition. LPL also seems to influence in modulating the
mammary gland uptake of α-tocopherol.76 Contrary to the 
placental transfer, which remains low even with increased
maternal serum levels, the transfer through colostrum and milk
can be increased via higher vitamin E ingestion by the mother.

It is important to note that tocopherol is able to affect the
metabolism of vitamin A in several tissues and may play a role
in tissue retinol homeostasis. It has been shown to modulate
the levels of retinol and total vitamin A in tissues such as the
liver, kidney and intestine. In vitro, tocopherol exerts an
inhibiting or stimulating action (depending on the tissue) on
retinyl palmitate hydrolysis.

Summary
Maternal metabolic adaptations during pregnancy are mainly
directed to maintaining a continuous availability of substrates
to warrant fetal growth. Glucose, used as a primary energy
source of fetoplacental tissues, is quantitatively the most
important substrate crossing the placenta. During late preg-
nancy the mother develops hypoglycemia as a result of the high
rate of placental transfer, despite of enhanced gluconeogenesis
and reduced consumption of glucose. Amino acids cross the
placenta against the gradient thanks to an active process. Fetal
growth is sustained by the transfer of amino acids from mater-
nal circulation. Protein metabolism changes gradually
throughout gestation, and although during late pregnancy
there is increased nitrogen retention, the mother develops
hypoaminoacidemia, which is specially evident during fasting.
Fat depot accumulation and maternal hyperlipidemia are char-
acteristic features of pregnancy. Maternal adipose tissue lipoly-
tic activity is increased and the main destination of released
non-esterified fatty acids (NEFA) and glycerol is the liver,
where they are used for the synthesis of triacylglycerols.
Alternatively, in the case of glycerol, it is also used as a gluco-
neogenetic substrate and, in the case of NEFA, oxidized for
ketogenesis. Major changes also occur in vitamin metabolism.
Vitamin A and E are the most affected. Maternal plasma retinol
falls as gestation advances, whereas vitamin E levels increase
parallel to the increase in plasma lipids. Transplacental transfer
of these vitamins is limited, but both the fetus and the new-
born need them. They are taken up by mammary gland and
their high content in colostrum seems to play an important
role in the extrauterine adaptations of the suckling newborn.
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Changes in intermediary metabolism
during pregnancy
As has been shown in previous chapters, throughout 
pregnancy there are major changes in intermediary metabo-
lism, changes that will facilitate the fetal needs of energy and
precursors for fetal and placental growth, as well as for placen-
tal hormone synthesis. From a metabolic point of view, during
gestation there are two different periods. In the first half of
pregnancy, during the embryo development period, there are
maternal changes that lead to storage of energy and nutri-
ents.1–3 The stored reserves will be used in the second half of
pregnancy to facilitate rapid fetal and placental growth.
During the first half of pregnancy, there is increased appetite
and normal or increased insulin sensitivity. These changes will
facilitate glucose and lipid uptake by adipose tissue, increasing
the lipid stores.1–3 In fact, during the first half of pregnancy,
most women show an increase in adipose tissue mass.4

Nevertheless, as pregnancy advances, and the fetal–placental
unit is rapidly growing, a marked shift in the metabolic 
pathways is observed. This period is characterized by a state 
of insulin resistance, decreasing the uptake of glucose by 
the maternal tissues sensitive to insulin, mainly the white 
adipose tissue and muscle (Figure 6.1B). Such a condition
facilitates the supply of glucose toward the fetus, where 
the daily glucose requirement is very high (30–50 g of
glucose/day).5 During this period of gestation, because of the
high fetal glucose requirements and despite increased 
glucose production6 and insulin resistance1–3 after moderate
periods of fasting, there is a trend toward lower maternal
plasma glucose concentration. A blunted glucose curve is
observed in normal pregnancies after an oral glucose tolerance
test or a regular meal.7,8 During the post-prandial period, such
a curve will allow higher and prolonged plasma levels of
glucose and therefore, a higher glucose supply to the fetus, as
the glucose supply to the fetus is via passive glucose diffusion
and therefore, concentration dependent.9 This type of curve is
thought to be secondary to the insulin resistance observed
during the second half of gestation and not because of
beta-cell dysfunction.

Plasma lipid changes during
pregnancy
During gestation there are also relevant changes in lipid
metabolism (Figure 6.1B), changes most marked in the second
half of pregnancy, when both the plasma triglycerides and
cholesterol reach the highest levels.1,2,10,11 The high plasma
levels of triglycerides seem to be secondary to both an
increased hepatic synthesis of VLDL-TG, as well as a decreased
lipoprotein lipase (LPL) activity in the adipose tissue in late
gestation.10,11 These changes are due to some of the hormonal
changes observed during pregnancy. The increased produc-
tion of VLDL-TG is secondary to the elevation of estradiol
that takes place during gestation, as increased levels of
estradiol stimulate the hepatic synthesis of triglycerides.12,13

Both the placental lactogen (hPL), which reaches its maxi-
mum concentration by the end of pregnancy, and the insulin
resistance that increases adipose tissue lipolysis, lead to an
abundant supply of fatty acids to the liver.14,15 The lower levels
of adiponectin observed as pregnancy advances16,17 may also
play a role in the increased hepatic synthesis of triglycerides, as
under this condition, in the liver there is a decrease in beta-
oxidation18 and therefore, the fatty acids are derived towards
re-esterification and synthesis of triglycerides. The high
plasma levels of triglycerides are used as a source of energy for
the maternal tissues, sparing glucose for the fetus and the
maternal organs that only use glucose as a source of energy.
In addition, they are used by the placenta, where lipoprotein
lipase is present19 and therefore able to hydrolyze the VLDL-TG,
releasing fatty acids, which are taken up by placental cells.19

In fact, some studies show a positive relationship between
maternal plasma triglycerides and birthweight.20,21

The elevation of the plasma levels of cholesterol, mainly
from LDL,1,2,10,11 will facilitate the substrate for the elevated
synthesis of steroid hormones that takes place during 
pregnancy. By the end of pregnancy, plasma levels of estradiol
are almost a thousand times higher than in non-pregnant
women, while progesterone is ten times higher.22 Cholesterol
is also a source of precursors for the high synthesis of cell
membranes that takes place in the fast-growing fetus.
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As occurs in carbohydrates and lipid metabolism, there are
changes in protein metabolism throughout pregnancy. These
changes develop gradually during gestation. By the end of
pregnancy, when fetal growth is maximal, nitrogen retention
is four times higher than in early pregnancy,23 suggesting that
amino acids are conserved for tissue synthesis. Nevertheless,
the sum of total plasma amino acids declines by 15–25%,
reflecting the enhanced uptake of amino acids by the 
placenta,24 where there is an energy dependent active 
transport,24,25 leading to a higher concentration of amino
acids in fetal plasma. Such a mechanism facilitates the supply
of amino acids for the rapid protein accretion that takes place
in the fetus by the end of pregnancy.

Mechanisms of pregnancy-induced
insulin resistance
The mechanisms involved in pregnancy-induced insulin
resistance, although not fully understood, seem to be related
to different factors. Firstly, in pregnant rats there is increased
degradation of insulin by the placenta,26 therefore insulin
removal is accelerated. A similar phenomenon may occur in
human pregnancies. Secondly, and probably most important,
during the second half of gestation, there are several hormonal
and metabolic alterations that facilitate the development of
insulin resistance. Among them, there is the hypertriglyc-
eridemia and the high plasma levels of non-esterified 
fatty acids, secondary to increased plasma levels of placental
lactogen and increased lipolysis,14,15 which lead to an increased
cell metabolism of fatty acids, causing in turn, to an intracel-
lular increase in the levels of NADH and ATP. This intracellu-
lar condition lowers the glucokinase activity and the cell
ability to phosphorylate glucose, decreasing the cell uptake of
this substance. Increased plasma levels of TNF-alfa have also
been linked to insulin resistance.27,28 The mechanism involved
is probably related to a decrease in the insulin receptors. The
high plasma levels of progesterone found during the second
half of pregnancy also play a role in pregnancy-induced
insulin resistance.29 Adiponectin has been proposed as playing
a role in the development of pregnancy-induced insulin 
resistance, as lower levels of adiponectin have been linked 
to a higher risk of developing gestational diabetes.16,17

Nevertheless, the mechanism is not well understood.
Adiponectin decreases as pregnancy advances and with
increased adipose tissue mass, a condition also linked to the
development of insulin resistance.

Mechanisms leading to the
development of gestational diabetes
The mechanisms leading to the development of gestational
diabetes mellitus (GDM) have not been fully defined but are
probably related to both an exacerbation of the beta-cell 
dysfunction in subjects genetically predisposed to beta-cell
alterations, which favors the development of GDM. In that
sense, GDM will act like a Type 2 DM. In the present chapter
we do not take into account situations where diabetes,

although diagnosed during pregnancy, is secondary to 
auto-inmune processes or to the diagnosis of mature onset
diabetes of the young (MODY) during pregnancy. Regarding
the beta-cell dysfunction, several mechanisms could be
involved in this process. High progesterone levels may play 
a relevant role.30,31 Recently, in models of knock-out mice,31

it has been shown that the lack of progesterone receptors is
associated with a higher insulin secretion by beta-cells.
Therefore the high levels of progesterone that develop during
pregnancy may damage these cells. The hyperlipidemia
observed during pregnancy may also decrease the capability of
beta-cells to secrete insulin.32,33 Although fatty acids may
induce insulin secretion,34 under certain circumstances, pro-
longed high levels of fatty acids may damage the beta-cell,
decreasing insulin secretion. In fact, in an experimental
animal model during pregnancy, a decrease in plasma free
fatty acids and triglycerides increases insulin secretion after an
oral glucose tolerance test.35

The higher food intake that develops during early 
pregnancy may lead to beta-cell hyperplasia. In certain genet-
ically predisposed subjects, this higher supply of glucose and
fatty acids to the beta-cell may increase the cell metabolism,
leading to increased beta-cell apoptosis and cell death.36,37

Such a phenomenon would compromise the capability of the
beta-cells to secrete enough insulin in a period of high insulin
requirements, because of the insulin resistance, and therefore,
to the development of GDM. Further research is needed for a
better understanding of the beta-cell dysfunction observed in
GDM, in order to develop methods to improve this function
and decrease the incidence of GDM.

Because the insulin resistance that takes place in the second
half of pregnancy plays a key role in the development of ges-
tational diabetes, any condition susceptible to exacerbating
this resistance may play a role in the development of GDM.
Higher plasma levels of triglycerides and NEFA and lower
plasma levels of adiponectin have been associated with higher
insulin resistance and therefore to a higher risk of developing
GDM. Obesity also increases insulin resistance.38,39 Added 
to the pregnancy-induced insulin resistance, it makes obese
pregnant women more prone to the development of GDM.

Glucose alterations in gestational
diabetes mellitus
Independent of the mechanisms involved, in GDM, there is 
a relative lack of insulin during a period of time with high
insulin needs to compensate the insulin resistance that 
develops in the third trimester of pregnancy. When gestational
diabetes develops, in the maternal tissues, where glucose
uptake is insulin-dependent, this is further decreased and
hyperglycemia develops. Because the materno-placenta–fetal
transfer of glucose is concentration-dependent9 under condi-
tions of maternal hyperglycemia and placental normal 
function, there is increased placental transfer of glucose
(Figure 6.1C), fetal hyperglycemia develops and secondary 
to this alteration, hyperinsulinism. As insulin is one of the
main growth factors during fetal life,40 this hyperinsulinemia
leads to macrosomia and to the complications secondary 
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to the delivery of a large baby, mainly both maternal perineal
damage and birth trauma, including shoulder dystocia, Erbs
palsy, etc. The hyperinsulinism remains in the newborn period
and increases the risk of hypoglycemia, once the umbilical
supply of glucose is suddenly arrested after delivery. Because of
this process, the newborn will need frequent monitorization of
blood glucose, early feeds and occasionally may require the
intravenous administration of glucose. Hypoglycemia in the
newborn, if not corrected, may lead to brain damage.41 Fetal
macrosomia also increases the risk of obesity, Type 2 diabetes
mellitus and cardiovascular diseases later on in life.42,43

Lipid alterations in gestational
diabetes mellitus
In gestational diabetes, as occurs in other conditions of insulin
resistance and beta-cell dysfunction, there is an increase in
plasma levels of triglycerides and cholesterol. This effect
should be added to the physiological hyperlypidemia induced
by pregnancy (Figure 6.1C).10,11 Therefore, women with GDM
have higher plasma levels of triglycerides and cholesterol than
found in normal pregnancies (Figure 6.2).44,45 The hyper-
triglyceridemia found in gestational diabetes may also play 
a role in the fetal macrosomia observed in these pregnancies,
as several authors have shown a positive correlation between
the plasma levels of triglycerides and birthweight.20,21

Increased plasma levels of both triglycerides and choles-
terol have been associated to structural alterations in LDL.46,47

High triglycerides make LDL particles small and more dense.

Such particles are more susceptible to oxidation. Nevertheless,
as pregnancy advances, the maternal milieu changes and 
conditions that both increase as well as decrease LDL suscep-
tibility to oxidation are present. Higher levels of triglycerides
and cholesterol are pro-oxidant,48,49 but this effect may be
blunted by higher levels of vitamin E and estradiol,22 two pow-
erful anti-oxidants whose levels are increased in pregnancy.22

In fact, our group and others have shown that in normal preg-
nancies, as pregnancy advances, despite increased plasma
levels of triglycerides and cholesterol, LDL susceptibility 
to oxidation decreases,22,50 phenomenon that is partially
explained by the high levels of estradiol observed at the end of
pregnancy. Nevertheless, under conditions of exacerbated dys-
lipidemia, the pro-oxidant effects may lead to increased LDL
oxidation and to the consequences associated with this
process. An increased LDL oxidation may have relevant 
consequences for the placenta as well as for the fetus. In a 
cell culture model of human placental trophoblasts and
macrophages, LDL oxidation is cytotoxic.51 If this process
occured during pregnancy, it could damage the placenta.
If such damage were extensive, the placental capability to
transfer nutrients and oxygen to the fetus might be decreased,
compromising fetal growth. In fact, our group has shown 
a correlation between LDL susceptibility to oxidation and
birthweight,22 suggesting that conditions where LDL oxida-
tion is increased, fetal growth may be compromised.
Furthermore, when oxidized LDL is taken up by human 
trophoblasts, through scavenger receptors and not by the LDL
receptor, despite increasing the intracellular concentration of
cholesterol, progesterone secretion is decreased (Figure 6.3).52

These data suggest that the metabolism of cholesterol from
oxidized LDL does not follow the physiological pathways
required for hormonal synthesis. Therefore, under circum-
stances of increased LDL oxidation, there may be a lack of cho-
lesterol for the placenta, decreasing the placental synthesis of
steroidal hormones as well as the transfer of cholesterol to the
fetus. As occurs in other conditions, increased LDL oxidation
may also lead to vascular dysfunction,53–55 decreasing the vascu-
lar blood flow and the nutrient transfer to the fetus. Therefore,
increased LDL oxidation could affect the transfer of nutrients
and oxygen to the fetus through different mechanisms, either
damaging the placenta or decreasing the placental blood flow.
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Figure 6.3 Progesterone secretion in trophoblast incubated
with increasing concentrations of normal LDL (white bars) or
oxidized LDL (black bars) (for details see Bonet et al.52)
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Figure 6.2 Changes in plasma levels of cholesterol and 
triglycerides throughout pregnancy in normal (dashed line) and
pregnancies complicated with GDM (solid line). *Differences
between control and GDM group. **P < 0.01; ***P < 0.001. 
(Data from Bonet, Viana, and Sánchez-Vera, unpublished results.)
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Finally, conditions of increased plasma levels of cholesterol
and triglycerides have been linked to increased fatty streaks in
the fetal arteries.56,57 As a consequence, children from GDM
pregnancies may have a higher incidence of these alterations
than newborns from normal pregnancies. Further studies are
needed to demonstrate if stillborns from GDM pregnancies
also have increased incidence of fatty streaks in their arteries.

To sum up, in gestational diabetes, there is a combination
of factors that may affect the nutrient supply to the fetus.
Under certain conditions, increased supply of glucose and
triglycerides towards the fetus may lead to increased fetal
growth and macrosomia (Figure 6.3). Nevertheless, under 
certain conditions, the dyslipedemia found in gestational 
diabetes may lead to increased LDL oxidation to placental
damage, and vascular dysfunction, leading to decreased 
transfer of nutrients towards the fetus and to intrauterine
growth retardation (Figure 6.4). At the present time, most efforts
are directed toward blood glucose normalization, and little
attention has been paid to the dyslipedemia and to the LDL oxi-
dation associated with this process. Further studies are needed to
obtain a better understanding of the role of dyslipidemia in the
maternal and fetal complications associated with gestational dia-
betes. There is a clear need of studies to determine which preg-
nancies with lipid alterations show compromised fetal growth.

Amino acid alterations in pregnancies
complicated by gestational diabetes
In GDM there is an increase in a number of essential and
nonessential amino acids in umbilical venous and arterial
concentration,58 compared to the values found in normal
pregnancies. The higher plasma levels of fetal amino acids do
not seem to be related to a higher concentration in maternal
plasma, as only ornithine has been shown to increase in
plasma from pregnant women with GDM.58 More recently,
studies analyzing maternal protein and amino acid metabo-
lism by stable isotope methodologies did not find significant
differences in either treated59 or untreated GDM60,61 compared
to normal pregnancies. However, the elevation observed in the
plasma amino acid concentration in umbilical, but not in
maternal circulation, suggests that placental amino acid
exchange and/or feto/placental metabolism is altered in GDM.58

Studies in vitro show that among the different amino acid
transporters, the expression of system A, which mediates the
transfer of neutral amino acids such as alanine, serine, and
glutamine, is increased in diabetic pregnancies.62,63 This, in
turn, could increase the uptake and delivery of neutral amino
acids into the fetus. However, it does not seem to be the pri-
mary cause of accelerated fetal growth. Other transporters such
as the specific system for leucine (system L), have also been
shown to be increased in microvillous plasma membranes 
isolated from GDM pregnancies with large babies for their 
gestational age.62,63 Nevertheless, other authors did not find an
increased activity of these transporters.64 It is remarkable that
leucine has been proven to be an effective stimulus for fetal
insulin secretion in human pancreas studied in vitro.65 In vivo
studies applying stable isotope techniques have provided evi-
dence to suggest that leucine, taken up across the microvillous
plasma membranes, is rapidly transferred to the fetus, con-
tributing to the accelerated fetal growth in these patients.62,63

More studies are needed for a further clarification of the role
of amino acid metabolic alterations associated with GDM.
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Introduction
In 1892, Ballantyne wrote:

A diseased foetus without his placenta is an imperfect 
specimen, and a description of a foetal malady, unless
accompanied by a notice of the placental condition, is
incomplete. Deductions drawn from such a case cannot be
considered as conclusive, for in the missing placenta or
cord may have existed the cause of the disease and death.
During intrauterine life the foetus, the membranes, the
cord and the placenta form an organic whole, and disease
of any part must react upon and affect the others.1

Indeed, a careful examination of the placenta contributes to
the determination of the causes which underline fetal growth
alterations, demise or neonatal conditions. The correlation
between placenta histopathology and clinical data may allow
the understanding of the sequence of pathologic events and
getting information for the management of the neonate or
future pregnancies.

At term, the human placenta is a focal, disk-like thickening
of the membranous sac that is achieved by splitting the 
membranes into two separate sheets, the chorionic plate and
the basal plate. Both sheets enclose the intervillous space, as
cover and bottom. The intervillous space is perfused with
maternal blood, which circulates, without its own vessel wall,
directly around the trophoblastic surface of the placental villi.
The human placenta is hemochorial in structure. The villi
form from a complex tree-like projection of the chorionic
plate into the intervillous space (Figure 7.1). The villous 
surface is surrounded by trophoblast and a core composed of
a stroma that supports fetal vessels connected to the fetal cir-
culation system via the chorionic plate and the umbilical cord.
At the placental margin, the intervillous space is obliterated so
that the chorionic plate and the basal plate fuse each other and
thus form the chorion leave.2

Placental specimens are not routinely sent for pathological
examination. Nevertheless, indications of placenta referral are
many and include: fetal conditions requiring admission to
neonatal intensive care unit, maternal diseases or disorders
specific or complicated by pregnancy, with potential conse-
quences to the neonate, such as maternal diabetes. In any case,
the placenta should be grossly examined after the fetus is deliv-
ered, in order to identify any visible pathology. This macro-
scopic analysis should include measurement of the length and

insertion site of the umbilical cord, the number of cord 
vessels, the state and the color of the fetal surface and fetal
membranes, the maternal surface looking for abnormalities
and/or the presence or absence of retroplacental clot, the color
and the consistency of the villous tissue and the presence 
of chorionic plate lesions. Any abnormal findings at this 
point should necessitate a complete pathologic examination
regardless of the clinical history.3

Pathophysiology of placenta
alterations in diabetes
Maternal diabetes mellitus complicates pregnancy with 
combinations of growth-promoting and growth-restricting
forces which may alter the normal growth trajectories of both
the fetus and placenta. Diabetes may affect the maternal
intrauterine environment by altering uteroplacental vascular
function via the mediators of oxidative stress and inflammation.
In an environment of abnormal metabolism, the placenta,
which is the sole source of oxygen and nutrients for the fetus,
affects the development of fetus.

At the earliest stage of pregnancy, the ovarian production
of steroids allows the development of normal endometrial
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Figure 7.1 Hematoxylin–eosin section of normal placenta at
term showing villi which form a complex tree-like projection
of the chorionic plate into the intervillous space.
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receptivity,4 and insulin has been shown to modulate ovarian
steroidogenesis.5 Human pregnancy is associated with hyper-
insulinemia and a progressive decline in insulin sensitivity.6

Women with gestational diabetes mellitus appear to have
abnormalities both in insulin secretion7 and pronounced
insulin resistance,8 compared to women with normal glucose
tolerance during pregnancy. Endothelial dysfunctions of
decidual capillary network associated with insulin resistance
include decreased vasodilation, increased leukocyte-endothelial
cell adhesion and vascular permeability.9,10 The primary
mechanisms that contribute to these endothelial dysfunctions
in diabetes appears to involve the activation of protein kinase
C (PK-C) pathways and increased oxidative stress. Diabetes, as
a pro-inflammatory state, has a negative effect on implantation,
in a similar way to the contraceptive effect of intrauterine
devices via induction of local inflammation.11

Within 2 weeks of pregnancy, the gestational sac is engaged
with the maternal decidua. What follows is a necessary conver-
sion of uterine spiral arteries: the media and elastica are 
loosened, and the endothelium is supported by connective
tissue fibers. During this time, the conceptus develops in a low
oxygen tension environment.12 In diabetic pregnancies,
increased oxidative stress to the cell, and/or the activation 
of protein kinase pathways (particularly PK-C and mitogen-
activated PK) may create the basis for early damage in vessels
formation of the placenta. In addition, the response of the
fetal–placental vasculature to vasoconstrictor and vasodilator
agents is significantly attenuated when compared to responses
in nondiabetic placentas. Consequently, in cases of modified
vascular responses, the diabetic placenta may not be able 
to adequately respond to demands for altered blood flow,
resulting in fetal compromise.13

A physiologic state of insulin resistance is required during
pregnancy to preferentially direct maternal nutrients towards
the feto-placental unit, allowing adequate growth of the fetus.
Type 1 diabetes during pregnancy is associated with dysregu-
lation of glucose and oxygen metabolic pathways, both of
which affect placental villous growth and function. Alteration
of placental development may contribute to the associated
increased risk of complications of pregnancy associated with
diabetes such as pre-eclampsia, macrosomia, or fetal growth
restriction, and to the state of relative fetal hypoxia. Different
degree of changes in the syncytiotrophoblast, cytotrophoblast,
trophoblastic basement membrane, and fetal vessels have been
described, and have been attributed to the glycemic status.

Gross examination
The presence of chronic placental anomalies indicative of
chronic insult (small or large placenta size, infarcts or hemor-
rhages, anomalies of insertion and defects of the cord,
variations of placental shape, loss of transparency or increases
of thickening of membranes, etc.) may already be diagnosed
or suspected by gross macroscopic evaluation.

Generally, human placentas are round or oval, but other
shapes are not uncommon. Anomalies of the placenta shape or
multilobated placenta may develop from abnormal fetal genes
(expressed in the placenta), abnormal maternal environment

(such as the presence of submucosal leiomyomas or uterine
scar), abnormal fetal–maternal interaction or early uteropla-
cental vascular compromise.2 Sometimes, the anomalies of
shape can be associated with unprotected membranous fetal
vessels (such as vasa previa). The placental weight, which is
evaluated after removing cord, membranes and maternal
blood clots, is about 450–550 g at term pregnancy. The placen-
tal weight is related, other than to gestational age, to the
weight of the fetus and to fetal gender. The fetal/placental
weight ratio should be ~6–7 at term. Moreover, placental
weight over the 95th or less than the 5th centiles for gestational
age is often a sign of chronic insult. Maternal diabetes is a 
condition that can be associated with large placentas (more
than 90 centiles), although the differential diagnosis largely
include: fetal hydrops, congenital syphilis, villous edema, or
Beckwith–Wiedemann syndrome.14 Large placentas, however,
should raise the suspicion for a maternal diabetic state.

The macroscopic analysis of the chorionic plate (fetal 
surface) should include evaluation of the chorionic vessels.
Macroscopic features of dilated and/or discolored vessels 
suggest fresh thrombosis, while tan–white or yellow fibrosed
vessels are indicative for an older thrombus. The rare finding of
thrombosis of chorionic vessels is more common in maternal
diabetes, but can also be seen in other pathological conditions
such as thrombophilic states, fetal chromosomal disorders,
vascular anomalies accompanied by local trauma or stasis 
(for example, true knots of the umbilical cord, velamentous
cord insertion or umbilical cord entanglement),15 toxic agents
to fetal vessels, and some viral infections.3

The observation of the maternal surface of the placenta
should demonstrate the normal mosaic of 20–40 cotyledons.
This mosaic can be absent in pathologic conditions, such as
vascular pathologies which may cause extensive fibrin deposi-
tion. The maternal surface may include the presence of adher-
ent fresh blood clots, if recent, or old firm dry clots dissecting
the placental parenchyma. These are findings related to 
placental abruption. The features, however, are also observed
in placenta from patients carrying thrombophilic traits,
maternal pre-eclampsia, or hypertension.

At term, the cut surface of placenta is red and spongy.
A dark red color suggests congestion of capillaries, or choran-
giosis that may be associated with maternal diabetes (see
below). Placenta thickness is usually between 1.5 and 3 cm.
A greater thickness is observed in diabetic placentas.

Cord and fetal membranes
The length of the cord at term is between 40 and 70 cm 
and the diameter is usually between 1 and 3 cm. A short or
excessively long cord is related to an increased risk for fetal
damage. Marginal cord insertion or velamentous cord inser-
tion, which probably are due to disturbed implantation, may
be also associated with fetal or neonatal damage.
Histopathologic features such as thrombosis of vessels or the
observation of a single artery should be already suspected 
by a macroscopic analysis of cord vessels. This sign may be
indicative of vascular pathology, fetal malformations, and 
also presence of diabetes.
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Fetal membranes and fetal surface of chorionic plate are
normally clean and transparent making the color look blue on
the chorionic plate and pink on the free membranes. A diffuse
yellow/white–opaque feature is a feature seen with infiltration
of granulocytes, lymphocytes and other inflammatory cells of
acute chorioamnionitis, which may be also present in diabetic
placentas. The brown color of the membranes may suggest
hemosiderin deposition, while a green color may be present in
the cases of meconium staining.16 Combinations of pathologies
are common, often the best description of membrane color is
‘normal’ or ‘abnormal.’

Microscopic evaluation
Placental pathology in pregnancies complicated by maternal
diabetes relates to the different aspects of the maternal disease.
Although some findings are thought to be related to the direct
effect of insulin on the placenta, most are due to associated
maternal pathologies, especially hypertension. This makes the
study of placental effects of hyperinsulinemia (in insulin resist-
ance) and hyperglycemia difficult as most diabetic pregnancies

have other confounding variables, especially hypertension.
What is known is often anecdotal or based on series of mater-
nal diabetic pregnancies in which these confounding variables
are either ignored or an attempt has been to ferret them out.

We do know that insulin does not cross the placenta into
the fetal circulation but there is sufficient evidence that there
are insulin receptors on tropohoblast that can be up- or 
down-regulated according to maternal glucose status. The
insulin effects of maternal diabetes, therefore, are indirect and
are related directly to its effect on the placenta. Maternal 
glucose freely reaches the fetal circulation and the resulting
fetal hyperglycemia has well described effects on the develop-
ing conseptus and are known for decades.17 The placental
findings in maternal diabetes are related with the glucose 
level and its control and have been well described in many 
different studies.2,18–20

Two of the most well documented effects of maternal 
diabetes in pregnancy include increased villous vasculature
(chorangiosis),21–27 and placental villous immaturity.26,28–31

The increased villous vascularity (chorangiosis) may be 
a response to the relative hypoxemia due to the immaturity of
the villi (characterized by centrally placed villous capillaries
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Figure 7.2 Hematoxylin–eosin section of placenta
from a normal 38-week gestation (A), a 38-week 
gestation with maternal gestational diabetes (B) and 
a 38-week gestation with insulin dependent
diabetes (C). Note the smaller villi in A have one to
three capillaries while those in B have three to five,
and in C have  10 or more. The villous stroma in 
A is dense and pink and the trophoblast has formed
syncytial knots (arrow). The villous vessels are all
peripheral (arrowhead). With diabetes there are few
syncytial knots (B and C) and the stroma is more
open and clear.
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resulting in a greater distance for oxygen and nutrients to pass
from maternal to fetal circulation).32 Neither of these
histopathologic findings are specific nor are they easily
defined. In general, the non-hypertensive diabetic placenta has
fewer syncytial knots, fewer vasculosyncytial membranes,
larger villi, central villous vessels, and increased vessels per 
villous compared to placenta from diabetic pregnancies com-
plicated by hypertension (Figure 7.2). Poor glucose control
will exacerbate these findings and result in placentomegaly
and macrosomia. The functional significance of these features
is decreased oxygen and nutrient supply, due to the long 
diffusion distance from maternal to fetal vascular spaces.
The pathology is not dramatic but distinctive and common.
Given this as the baseline for diabetic placental pathology,
complicating pathologies in the mother are added on.

Probably the most significant associated disease in diabetic
mothers is hypertension/pre-eclampsia. Hypertension,
whether pregnancy related (pre-eclampsia or pregnancy
induced hypertension) or essential (therefore existing before
pregnancy), can cause vascular damage to the uterus and
results in poor blood flow to the placenta. The resulting utero-
placental insufficiency causes placental ischemia. The gross

pathologic correlate of chronic significant uteroplacental
insufficiency is stunted placental growth leaving a small organ
(weighing below the 10th centile) and accelerated villous
branching (hypermaturity)33 (Figure 7.3). In addition, ischemic
placentas often infarct or suffer abruption, chronic or acute
(Figure 7.3). There is nothing specific or different about the
histopathology of diabetic–hypertensive placentas as compared
with hypertensive placentas alone.

An unusual finding that also observed in diabetic placentas
is given by the infiltration of the membranes, chorionic plate,
and umbilical cord by mature lymphocytes, plasma cells, and
histiocytes, the so-called chronic chorioamnionitis.34,35

Contrary to the acute pathology, chronic chorioamnionitis,
which in approximately 80% of the cases is associated with vil-
litis of unknown etiology, cannot be appreciated on gross exam-
ination.36 Chronic chorioamnionitis may be due to infectious
agents, but other causative mechanisms have been suggested,
such as an imbalance of the systemic inflammatory milieu asso-
ciated with insulin resistance in gestational diabetes mellitus.37

Pregnancy complicated by diabetes also has an increased
risk for fungal placentitis.38–44 This rare complication usually
does not have significant sequelae for the fetus, but rarely can
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Figure 7.3 Section of a normal 38-week gestation
(A), a 38-week gestation complicated with maternal
insulin dependent diabetes mellitus and chronic
hypertension (B and C) (hematoxylin–eosin). In 
B the villi are widely separated due to premature
branching and the villi have fewer capillaries and
larger and more numerous syncytial knots (arrow
and arrowhead). C shows a chronic abruption with
the retroplacental hematoma (arrow) with an
indented and infracted parenchyma.
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have catastrophic effects, including overwhelming sepsis.45,46

The pathology is characteristic and includes a brisk funisitis
(umbilical cord vasculitis) with peripheral umbilical cord
abscesses (Figure 7.4).42 The presence of invasive hyphae within
the Wharton’s jelly of the umbilical cord is thought to repre-
sent an increased risk for disseminated disease in the
fetus/neonate, but in our experience most cases of even deeply
invasive hyphae are benign (D. Roberts, unpublished data).
The umbilical vasculitis and the presence of abscesses may be
in association with acute chorioamnionitis. The abscesses 
typically have easily identifiable hyphae either superficially or
invasive into Wharton’s jelly and do not need special stains to
be visualized. In the absence of hyphae visible by hema-
toxylin–eosin staining, fungal specific staining (silver stain)
should be used. Abscesses on the surface of the umbilical cord
are, nearly always, due to Candida although they can also be
rarely seen with group B β-hemolytic Streptococcal infections.

Conclusions
The placenta in uncomplicated maternal diabetes is heavy,
large, somewhat immature, and chorangiotic. The extent of
placental findings is related to maternal insulin and glucose
levels. Sometimes, maternal diabetes is associated with 
hypertension. Hypertension, per se, can cause vascular damage
to the uterus and results in an impairment of blood flow to the
placenta causing reduced placental growth and villous 
hypermaturity. There is nothing specific or different about the

histopathology of diabetic and hypertensive placentas as 
compared with hypertensive placentas alone. In addition,
pregnancies complicated by diabetes may have an increased
risk for villitis, chorioamnionitis and funisitis. Probably, the
interaction of genetic and environmental factors may explain
this increased risk: recent data support the role of cytokines
and immune response in the pathogenetic mechanisms under-
lying the effect of glucose intolerance in diabetes mellitus.
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Figure 7.4 Hematoxylin–eosin section of an umbilical cord
showing peripheral abscesses (arrow) which contain maternal white
blood cells and abundant candidal forms (insert with silver stain).
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Introduction
The placenta is a tissue of limited life span that serves an
impressive array of diverse functions: selective forward trans-
port of nutrients and gases to the fetus and reverse transport
of metabolic waste products from the fetus to the maternal
circulation; energy metabolism mainly to support various 
placental activities; metabolic modification of maternal 
nutrients destined for the fetus; synthesis of hormones, certain
proteins and other molecules related to its function in gestation;
maintenance of an immunologic barrier; transfer of heat and
detoxification of xenobiotics. In fulfilling its pleiotropic func-
tions the placenta serves as a substitute for fetal organs as long
as these have not reached their full maturity, thereby sustain-
ing and protecting fetal development. From these functions it
becomes clear that the placenta should not be considered as 
a molecular sieve and transport vehicle only; it has many func-
tions, which might affect both maternal and fetal metabolism
as well as growth of the fetus. Inter-relation between fetal and
placental growth has been repeatedly emphasized.

In general, the placenta is the organ accounting for the
transfer of almost all nutrients and gases between mother and
fetus and for the back-transfer of waste products from the fetus
into the placenta and then further into the mother. In addition,
extracellular pathways do exist. For example, some solutes
including proteins may cross the amnion from the maternal
circulation and then be ingested by fetal swallowing of amni-
otic fluid. However, the bulk of material being transferred
between mother and fetus must all pass through the placenta.1,2

Upon reviewing the literature no clear-cut picture on the
effects of gestational diabetes mellitus (GDM) on the placenta
emerges, likely because of the variety of confounding factors
that need to be controlled for in comprehensive studies, such
as severity of disease, modality of treatment and quality of
glycemic control. Critical for placental development and func-
tion and their potential alterations by maternal diabetes is also
the duration of departures from normoglycemia. Hence, the
time point of detection of GDM and subsequent institution of
treatment appears important. The earlier in gestation this
occurs the lesser the influence on placental development and
function, and ultimately, on fetal growth and metabolism.

The extent of nutrient transfers from mother to fetus, and,
hence, of fetal supply, is determined by a number of factors
(Box 8.1). Below these will be considered separately and 
the influence of GDM discussed. We will focus on human
pregnancy. Aspects of the placenta of animal pregnancy in
diabetes will be covered in another chapter in this book.3

Maternal–fetal concentration
gradients
Glucose
The human fetus is almost totally dependent on maternal 
glucose passing through the placenta,4 since its own glucose
production is minimal. From the arterio-venous concentra-
tion differences in the uterine and umbilical circulation it may
be concluded that the human placenta takes up glucose from
the maternal circulation and releases most of it into the fetal
umbilical circulation.5 A maternal–fetal glucose concentration
gradient is normally observed at term.6 Earlier in gestation,
however, plasma glucose levels in the fetus may be equal to,7

or even higher than those in the mother.8,9 This is not consis-
tently seen,10 and apart from some exceptions, there exists 
a maternal–fetal concentration gradient throughout gestation
in all species studied so far.

Fetal glucose utilization amounts to 38–43 µmol/kg at 
a maternal glucose level of 100 mg/dL.4,11 This value will be
higher in the presence of fetal hyperinsulinism. Because 
trans-placental passage of glucose among other factors is
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Box 8.1 Factors that determine nutrient flux across
the placenta

● Maternal–fetal concentration gradient
● Materal blood flow
● Placental structure and morphology
● Placental metabolism
● Placental transport activity
● Umbilical blood flow
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directly proportional to the maternal–fetal glucose gradient12,13

fetal hyperinsulinism will result in a lowering of fetal glucose
levels with ensuing increase in trans-placental glucose flux in
order to maintain fetal euglycemia. This notion is supported
by the apparent independence of fetal glucose from fetal
insulin levels.14

In well-controlled GDM women maternal glucose levels
are slightly but not significantly elevated.6 The umbilical cord
glucose levels are elevated as compared to normal control 
subjects. However, the venous–arterial concentration difference
is unchanged.15

Amino acids
Among the maternal plasma proteins, only IgG and albumin are
able to be transported to the fetus in significant amounts.16

Therefore, maternal amino acids provide by far the major source
of nitrogen for both the placenta and the fetus. Total amino acid
concentrations are higher in fetal plasma than in the maternal cir-
culation.17 The concentrations of most amino acids in the pla-
centa exceed those in the maternal and fetal circulation, probably
due to a high content in the syncytiotrophoblast. High amino acid
concentrations are generally associated with a high rate of pro-
tein synthesis and are characteristic of rapidly growing tissues.

In human pregnancies complicated by gestational diabetes
the concentrations of some amino acids (methionine,
isoleucine, leucine, phenyalalanine, alanine and proline) are
selectively increased in the fetal circulation with no apparent
change in the maternal circulation.18 This strongly suggests an
altered amino acid metabolism in placenta, fetus or both or 
a change in maternal-to-fetal amino acid transfer.

Lipids and fatty acids
At delivery of a normal pregnancy the concentrations of
cholesterol, triglycerides, total free fatty acids and lipid soluble
vitamins is higher in the maternal than umbilical circulation.19

However, individual fatty acids in the total plasma compart-
ments such as total saturated fatty acids and arachidonic acid
are selectively enriched in the umbilical cord blood.

In GDM the mothers have unchanged arachidonic acid and
docosahexaenoic acid levels,20 whereas the concentrations of
both fatty acids are lower in their offspring than in normal
pregnancies.21

GDM does not significantly alter maternal cholesterol
levels, but maternal as well as fetal hypertriglyceridemia 
particularly in the VLDL and HDL fraction has been a well
known feature of GDM.22–25

Utero-placental and feto-placental
blood flow
Utero-placental and placental–umbilical blood flow determine
the delivery to and removal from the area of exchange,
i.e. syncytiotrophoblast and endothelium. A direct relation-
ship between blood flow in the maternal and fetal placental
circulation and extent of transfer is clearly established for
flow-limited transport such as that of oxygen or carbon dioxide.

However, such a relation exists also for carrier-mediated 
transport as was clearly shown for glucose.26 Therefore, utero-
placental and feto-placental blood flows are major determinants
of overall maternal–fetal exchange. Absence of innervations
strongly suggests that the vascular tone in the feto-placental
circulation is regulated by local changes in autacoid or nitric
oxide production. The details of this complex regulatory
system are far from being understood, but it likely involves,
locally produced vasoconstrictor and vasodilator components
such as eicosanoids, endothelins and nitric oxide.

Invasion of cytotrophoblasts into maternal decidua and,
subsequently, into spiral arteries results in their remodelling
into low resistance vessels. Any impairment in this process
may lead to a reduced flow of maternal blood into the 
intervillous space.

Diabetes is associated with modest modifications of vascular
resistance in the uterine artery. There is a small increase in
uterine artery vascular resistance in Type 1 diabetes27 which is
likely to reflect pre-gestational vasculopathy.28 It has been 
proposed that some of these alterations originate from 
inadequate opening of the spiral arteries by a too shallow
invasion of the cytotrophoblast, although there is no direct
experimental evidence to support this hypothesis.

In GDM there is a positive correlation between uterine
artery vascular impedance (resistance) and birthweight.29

The relationship does not seem to be correlated with maternal
glucose values, suggesting that hyperglycemia per se is not 
a causative factor.30 This is also supported by the observation
that acute hyperglycemia during pregnancy does not affect
blood flow velocimetry characteristics in the umbilical or
uterine arteries.31 Therefore, flow-regulated increased placen-
tal transfer of nutrients may not be a mechanism underlying
fetal macrosomia in diabetes if it occurs at all.

There is increasing evidence that oxidative stress arising
from increased placental mitochondrial activity and production
of reactive oxygen species (ROS), nitric oxide, carbon monoxide,
and peroxynitrite is a general underlying mechanism of
altered placental function and vascular reactivity.32 This may
even generate nitrative stress which can lead to covalent mod-
ification and hence altered activity of proteins. These are
mechanisms likely to contribute to general fetal endothelial
dysfunction in diabetes.33

Placental structure and morphology
The placenta is a complex organ made up of a variety of
tissues that theoretically can contribute to transplacental
transfer. All materials destined for transfer to the fetus must
first be taken up by the microvillous membrane of the syncy-
tiotrophoblast, the tissue which is in direct contact with
maternal blood in the intervillous space. Once within the 
syncytium the molecules are either sequestered for modifica-
tion (lipids) or metabolized for placental purposes (glucose),
or they leave the syncytiotrophoblast by passing the basal 
syncytiotrophoblast membrane. The total surface area of the
syncytiotrophoblast fronting to the maternal circulation and
of the fetal-placental capillaries fronting to the fetal blood is
12 m2. About 90% of the syncytiotrophoblastic surface are
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covered with microvilli that enlarge the surface area by 7-fold.
About 5–10% of the syncytiotrophoblast surface area is made
up by the epithelial plates. These are a specialized area, which
accounts for most, if not all, transfer to the fetus. In these
areas, the syncytiotrophoblast is very thin, devoid of cytoplas-
mic organelles and the basal laminas of the trophoblast and
the endothelium of the feto-placental vessels are fused.
Thus, no stromal tissue separates syncytiotrophoblast and
endothelium. This architecture allows for a short ‘diffusion
distance’ between the maternal and fetal bloodstream that at
the end of gestation is about 3–5 µm in length.34

Diabetes is associated with major modifications of the
structure and organization of the placenta leading to a variety
of pathologies referred to as global placental dysfunction
(reviewed in references 35–37). The surface area is particularly
increased in the periphery of the villous tree. The diffusion
distance between the maternal and fetal systemic circulations
is increased due to a thickening of the trophoblastic basement
membrane with higher amounts of collagen, predominantly
Type IV.38 Some collagens, e.g. Types IV, V and VI, contain a
higher proportion of carbohydrates and it may be conceived
that this is due to non-enzymatic glycation and mimics a situ-
ation of accelerated aging. The higher proportion of
hyaluronic acid subfractions and heparan sulfate also con-
tributes to increase the total glycosaminoglycan content of the
villous connective tissue.39 The sum of these morphological
modifications modifies trophoblast barrier function particu-
larly transplacental transfer mechanisms compared to normal
pregnancy. For example, fetal hypoxia is one consequence of
trophoblast basement-membrane thickening and may stimulate
placental synthesis of angiogenic factors such as fetal growth
factor (FGF), vascular endothelial growth factors (VEGF) and
placental growth factor (PGF)-1.40

In Type 1 diabetes as well as in GDM, the villous stroma is
slightly edematous with an over-representation of Hofbauer
cells which are the placental resident macrophages.41 The
increased number of Hofbauer cells may contribute to a higher
release of placental cytokines (leptin, TNF-alpha, interleukins)
in the local environment and subsequently modify placental
metabolic or endocrine functions.42 Maternal diabetes is also
associated with enlargement of the capillary surface area43

with capillary proliferation and penetration of small newly
formed vessels penetrating into the trophoblast.44,45 The
resulting hyper-vascularization and the increase in the surface
area of exchange facilitate oxygen diffusion across the placenta
to compensate for the impaired maternal–fetal transfer of
diffusion-limited substances. Down-regulation in the surface
expression of tight and adherens junctional molecules
(occludin, zonula occludens protein-1) also participates in dis-
rupting normal endothelial barrier function and angiogenesis.46

Classically, the occurrence of placentomegaly as a result of
an increase in parenchymal tissue cellularity, is reflected by
higher DNA content in pre-gestational and to a lesser degree
in GDM.47 Placentomegaly is closely correlated with fetal
macrosomia confirming the close correlation of placental
weight with that of the offspring.48,49 Both tend to normalize
with the quality of glycemic control achieved during preg-
nancy. Lower fetal insulin concentrations which results from
better maternal glucose control may potentially limit the

mitogenic effect of insulin in placental cells.50 Another classic
feature of the placentae in diabetic pregnancies is the higher
content of glycogen, triglycerides and phospholipids than in
normal pregnancies6,51 indicative of increased nutrient storage
capability.

Carrier-mediated transport
Glucose

The human fetus is almost totally dependent on maternal 
glucose passing through the placenta, since its own gluconeoge-
netic activity is minimal.52 The key position of glucose for fetal
maldevelopment in diabetes has prompted detailed studies into
the molecular and regulatory mechanisms of maternal–fetal glu-
cose transport and on their alterations in diabetes. The enor-
mous amount of data on placental glucose transfer in pregnancy
with diabetes may not be surprising given that glucose is the
major energy substrate of the feto-placental tissue, accounting
for almost 80% of oxidative needs at term.53 In addition,
myriads of studies have addressed the mechanisms for increased
glucose availability over the last three decades. This was an 
essential component of the effort to obtain good glycemic 
control to limit maternal and fetal complications.

In most situations transplacental glucose transport in the
maternal-to-fetal direction follows a downhill gradient involv-
ing GLUT1 as the predominant glucose transporter isoform.
The recently cloned glucose transporter GLUT8 is also ubiq-
uitously expressed in the term placenta with lower expression
levels in diabetes, but its role in placental glucose utilization is
elusive.54 The high affinity isoform GLUT355 and the insulin-
regulatable isoforms GLUT456 and GLUT1257 have also been
identified in the human placenta, but their location on
endothelial cells and in the placental stroma, respectively,
makes their direct contribution to maternal-to-fetal glucose
transport unlikely. Rather they are involved in glucose back-
transfer from the fetus into the placenta and uptake into cells
surrounding the placental endothelium.

Maternal-to-fetal glucose transport involves GLUT1 on the
trophoblast, where it is located on the microvillous and on the
basal membrane, facing the maternal and fetal circulation,
respectively. The transport system has a high capacity with 
saturation reached at glucose levels >20 mmol/L.11 This
system allows for a rapid transfer from the maternal to the
fetal circulation.

Similar to other tissues trophoblast GLUT1 is regulated by
ambient glucose levels, i.e. it is up-regulated under hypo-
glycemic and down-regulated under hyperglycemic condi-
tions, respectively. Loss of functional GLUT 1 on the
trophoblast surface is accounted for by lower GLUT1 tran-
script levels and, hence, translation58 as well as by a hyper-
glycemia-induced translocation of GLUT1 from the surface 
to intracellular sites.59 Kinetic studies demonstrated that 
the loss of GLUT1 at the cell surface alters glucose uptake only 
at concentrations close to or above 15 mmol/L,58 a concentration
that is not reached in diabetic patients that are controlled. This
GLUT1 response to hyperglycemia must be acquired during ges-
tation, because it is absent in the first trimester trophoblast.60
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At this stage of gestation ketone bodies61 and insulin60 appear 
to reduce or increase GLUT1 levels, respectively.

At term of gestation Type-1 diabetes is associated with an
increased expression of GLUT1 at the basement membrane, but
not at the microvillous membrane, of the syncytiotrophoblast,
whereas in gestational diabetes no such changes were observed
regardless of offspring weight.62–64 Total placental levels of
GLUT1, GLUT3 and GLUT4 are unchanged in diabetes65 sug-
gesting that the protein content of these transporters is not
modified although this awaits experimental confirmation.

Since transfer is determined by composite parameters such
as maternal–fetal concentration gradient, blood flow, surface
area of exchange and diffusion distance, placental metabolism
as well as number and intrinsic activity of transporters, alter-
ations in transporter levels alone will not predict in vivo
changes. In gestational diabetes maternal–fetal glucose trans-
port as measured by placental perfusion was reduced when the
mothers were treated with diet alone,66 whereas when they
received insulin transport was higher as compared to the diet-
treated group, but not different from non-diabetic controls.67

However, at a pathological glucose concentration of 8 mmol/L
no significant changes in maternal–fetal glucose transport
were noted, when total placental weight was also taken into
account (Figure 8.1).66,67 It appears as if the potential changes
at the molecular level of transporters are counterbalanced 
by morphological changes such as increased area of exchange
and basement membrane thickening resulting in increased
diffusion distance.

These results clearly demonstrate that the placenta does not
contribute to any increase in transplacental glucose flux in
gestational diabetes. This conclusion is also corroborated by
the lack of change in the venous-arterial difference for glucose
in the umbilical circulation in gestational diabetes.15

Since placental cells have such a high capacity for maternal–
fetal glucose transfer it is not surprising that molecular changes

at the level of glucose transporters levels, if any, have no effect
on transfer of glucose at physiological or pathophysiological
glucose concentrations. This implies that transplacental glu-
cose transfer is primarily limited by flow and, there is experi-
mental evidence supporting that both utero-placental and
umbilical blood flow affect glucose transfer.26 Overall,
the strongest determinant for glucose flux across the placenta
is the maternal–fetal concentration gradient with some 
contribution by blood flow changes.

The high affinity glucose transporter GLUT3 is located on
the feto-placental vessels and the insulin-regulatable trans-
porters GLUT4 and GLUT12 in the placental stroma, i.e. a
portion of the placenta that is more exposed to fetal rather
than maternal blood. The functional significance of these
transporters is unclear, but the placenta may have developed
mechanisms to take up glucose from the fetal circulation. In
fact glucose is also transported back from the fetus into the
placenta68 and the backflux is even increased in diabetes.21

These transporters may extract glucose from the fetal circula-
tion into the endothelial cells, where glucose may then be
stored as glycogen. The endothelium is also richly endowed
with glycogenin, the protein precursor for glycogen synthesis
and glycogen is deposited predominantly around feto-placental
vessels.69,70 Therefore, the glycogen increments found in dia-
betes6,51,69 may result from an increased glucose uptake from
the feto-placental circulation. This would explain why the pla-
centa in diabetes stores more glycogen than in non-diabetic
pregnancies, although glycogen synthesis in the trophoblast is
not stimulated by insulin or hyperglycemia.71 Whether fetal
insulin by activating GLUT4 or GLUT12 stimulates glucose
uptake into the endothelium and, subsequently, also glycogen
synthesis is unknown, but a net effect of fetal insulin on glyco-
gen levels in the placenta was found72 with little increase in fetal
liver glycogen. The accumulated placental and fetal glycogen
may then be broken down in case of fetal emergency demands
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such as prolonged labor. Because of the low levels of glucose-
6-phosphatase,73 lactate will then be the outflowing product.
Collectively, these data suggest that the placenta may serve as
a buffer for excess fetal glucose, at least at term of gestation.
Consequently, it can be envisioned that an overflow of this
buffer, i.e. when the storage capacity is exhausted, may result
in permanent fetal hyperglycemia and hyperinsulinemia.74

Amino acids
Amino acid uptake into cells generally occurs by a system of
transporter molecules. These transporters show selective pref-
erence for certain amino acids although there is considerable
overlap of specificity. Individual classes of transport systems
were identified for neutral, cationic and anionic amino acids,
respectively. Maternal amino acids provide by far the major
source of nitrogen for the feto-placental tissues and, thus, are
taken up by both the placenta and the fetus. The transport 
systems in the human term placenta resemble those described
for various other tissues and cells.75 Uptake of amino acids
from the maternal and fetal circulation suggests the presence
of specific transporters on both surfaces of the placenta.
Maternal- and fetal-facing plasma membranes contain both
common and distinct (systems ASC and t) systems for amino
acid transport. To the best of our knowledge there is no avail-
able information on the spatial arrangement of amino acid
transporters on the microvillous and basal syncytiotro-
phoblast membranes. Moreover, transport and transport 
systems in non-trophoblast cells of the placenta have not been
characterized so far. Although the endothelium may not
impose any limitation to placental-to-fetal amino acid trans-
port, it may be involved in transport in the reverse direction
i.e. from fetus to placenta and/or from placenta to mother.

The concentration of many amino acids is higher in the
placenta as compared to the levels in the maternal or fetal cir-
culation. A clear-cut explanation for this apparent discrepancy
is still missing, but metabolism of amino acids by the placenta
in general, or by the syncytiotrophoblast in particular, may
influence transfer.76 For example, one must assume passive
diffusion of the amino acids along a concentration gradient
for the Na+-independent systems.

Pyrimidine and purine synthesis are essential to build DNA
blocks that rapid fetal growth requires. They are provided
through glutamine/glutamate and asparagine/aspartate16,77,78

cycles which involves back and forward transfer from fetus 
to placenta.

Despite the relative paucity of data, there is a general agree-
ment that the ability to maintain normal serum levels of several
amino acids is impaired in fetuses of diabetic mothers.
However, a clear understanding of whether the transfer of a
given amino acid will be increased or decreased relative to the
type of diabetes has yet to be gained. In rodent models of exper-
imental diabetes with various severity such as pregnant rats 
rendered diabetic by streptozotocin injection, fetal concentra-
tion of most amino acids is decreased in face of unchanged
maternal-to-fetal ratio.79,80 This also holds true for non-protein
amino acid such as taurine and gamma amino butyric 
acid (GABA) which act as neurotransmitters to regulate fetal
insulin secretion.81 By contrast, an increased leucine turnover

which may modify its availability for placental uptake 
has been documented in insulin treated GDM women.82

The concentrations of several essential amino acids and ala-
nine were increased whereas glutamate was decreased in
umbilical artery and vein in pregnancy with GDM.18 The dis-
crepancy between human and animal data cannot be currently
explained although it should be underlined that maternal glu-
cose homeostasis was clearly different. Whether or not the in
vivo observations have molecular basis has not been yet estab-
lished. An increase in system A and leucine has been observed
in syncytiotrophoblast plasma membrane vesicles of non-
insulin-dependent gestational diabetic mothers compared to
normal (Figure 8.2),83 whereas system L appeared unaffected.84

However, this was not confirmed using dual perfusion of
isolated cotyledons, a method that preserves the integrity of
placental cell structure.84–86 By contrast, the number of system
A transporters per mg membrane protein was selectively
reduced in diabetic pregnancies associated with fetal macroso-
mia.84 Hence, different experimental models may lead to dif-
ferent results. These suggest there is not yet agreement
whether maternal diabetes per se has an impact on placental
amino acid transporters and require caution in generalizing
inferences to the in vivo situation.

Lipids and fatty acids
At birth about 12–15% of the fetal body mass is fat, and about
half of that fat is derived from maternal sources passing across
the placenta over the whole period of gestation. The remain-
der may be due to the lipogenic activity of the fetal liver and
other tissues. For most fatty acids a maternal–fetal concentra-
tion gradient exists and, hence, free fatty acids may traverse
the placenta by simple diffusion, but the major proportion
will bind to fatty acid transfer proteins on the microvillous 
membrane. In the syncytiotrophoblast cytoplasm the free fatty
acids will bind to fatty acid binding proteins. These will serve
as ‘transporters’ for the fatty acids enabling them to traverse
the cytoplasm for immediate release into the fetal circulation.
However, an intermediate esterification of free fatty acids 
to triglycerides within the placenta may also occur. This 
will then allow storage of triglycerides in the form of lipid
droplets surrounded by droplet-associated proteins such as
adipophilin and perilipin. These proteins are a prerequisite 
for recruitment of intracellular lipases. Subsequent lipolysis 
is required before the fatty acids can then be released into 
the fetal circulation.

Additional sources of fetal lipids are lipoprotein-borne
triglycerides, phospholipids and cholesterol. The lipoproteins
have to bind to their receptors, which can all be found at the
syncytiotrophoblast surface. The binding of very low density
(VLDL) and high density (HDL) lipoproteins to their recep-
tors i.e., the VLDL receptor87 and the major HDL receptor 
SR-BI,88 is mediated by lipases, which also have a bridging
function in addition to releasing fatty acids from the triglyc-
erides and phospholipids. SR-BI not only binds HDL but
mediates the selective uptake of HDL-cholesterol esters.
Low density lipoproteins (LDL) bind to LDL receptors and
will be internalized into the syncytiotrophoblast cytoplasm by
receptor mediated endocytosis. In the cytoplasm cholesterol
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esters may also be stored in the lipid droplets. A proportion of
the cholesterol esters will be metabolized to serve as precursor
for placental biosynthesis of steroid hormones. The mecha-
nisms of further transfer from within the syncytiotrophoblast 
cytoplasm into the fetal circulation remain elusive, but will
likely involve efflux transporters of the ABC family as well as
SR-BI. Similar to triglycerides, phospholipids are hydrolyzed
into their constituents predominantly by endothelial lipase,
which can also be found on the syncytiotrophoblast surface,
prior to their storage within the placenta. Placental storage
capacity, however, is limited and does not prevent excessive
flow of lipids to the fetus in a condition of maternal lipid
excess, such as occurs in diabetes.

Diabetes is associated with well-known alterations in the
level and composition of maternal lipids. Particularly, Type-1
diabetes in pregnancy is characterized by elevation of maternal
plasma free fatty acids and triglycerides, as a result of loss of
restraint on fatty acid mobilization from adipose tissue. The ele-
vated lipid concentration may promote the transfer of free fatty
acids and triglycerides across the placenta by increasing the
maternal–fetal concentration gradient and by making other
diabetes-related alterations that facilitate placental fat accumu-
lation. Also in non-diabetic women concentrations of the free
fatty acids myristate, palmitate, stearate and linoleate in mater-
nal venous blood and umbilical vein blood are correlated.89

Among the fatty acid binding proteins (FABP) expressed in
the placenta only the liver-type FABP is increased in diabetes
whereas the heart-isoform is unchanged. The liver-type FABP
has a preference for n-3 fatty acids such as α-linolenic acid,
eicospentaenoic acid and docosahexaenoic acid, whereas the
heart-type preferentially binds n-6 fatty acids such as linolenic
acid and arachidonic acid. The uptake of arachidonate into
the perfused human term placenta in Type-I diabetes is

increased but changes in the FABPs are unlikely to account for
this. Arachidonic acid is preferentially incorporated into
triglycerides rather than into phospholipids of placental tissue
and fetal effluent. Thus transfer and distribution among lipid
classes of arachidonic acid are altered in Type-1 diabetic 
pregnancies.90 The linoleate content, among others, in placen-
tal tissues is higher, while 20:5 n-3, 22:6 n-3 levels, and the
ratios of 20:4 n-6/18:2 n-6 and 22:6 n-3/18:3 n-3 were reduced
in diabetic pregnancies.91 Therefore, a proportion of the
arachidonic acid increments stored in the placenta in diabetes
may also be derived by conversion of linoleate into arachidonic
acid by elongation and desaturation reactions that occur in
the human placenta.

The release of arachidonic acid, DHA and other 20-carbon
PUFAs from cellular phospholipids is the rate-limiting step in
the generation of lipid mediators of inflammation. This
process involves the action of one or more phospholipases
such as PLA2. The expression of secretory PLA2G2 and G5 is
up-regulated in placenta of women with GDM having obese
neonates whereas that of PLA2G6 was unchanged.42 This may
be a mechanism through which three to six times more
arachidonate is converted to eicosanoids in a diabetic preg-
nancy than in a normal placenta. In addition, the transfer of
eicosanoids into the opposing circulation was doubled in 
placentae from Type-I diabetics compared to normal 
placentae (Figure 8.3). The predominant direction of
eicosanoid transfer in both groups of placentae was from the
fetus into the maternal circulation. The relative amount of
eicosanoids produced was also altered in placentae from Type-
I diabetic pregnancies leading a lower ratio of prostacyclin I2

to thromboxane A2. This accounts for the imbalance in
eicosanoid production, which is a strong contributing factor
to placental vasoconstriction in diabetic pregnancies.92
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Figure 8.2 Carrier-mediated uptake of amino acids into microvillous plasma membrane vesicles of human term placenta. Leucine
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In addition, the concentration of placental products of
PLA2 hydrolysis such as DHA is positively correlated with 
placental weight. Collectively, these data indicate that 
qualitative as well as quantitative modifications of placental
lipid content are associated with alterations of fetal growth in
pregnancy with diabetes.

Nucleosides
Nucleosides such as adenosine or thymidine are rapidly taken
up by cells. The characteristics of transport are consistent with
facilitated diffusion, i.e. transport along a downhill concentra-
tion gradient by carrier-mediated transport mechanisms.
Transport has a broad specificity including both purine and
pyrimidine nucleosides. In the human placenta these trans-
porters have been identified at the microvillous and basal
membrane of the syncytiotrophoblast. Distinct from other 
tissues such as kidney and intestine the transporter is sodium
independent. Transporters for adenosine are also present on
the endothelium of placental vessels and the umbilical cord.
At present it is questionable if maternal nucleosides will reach
the fetal circulation. When thymidine and adenosine were
used in perfusion studies they were extensively degraded.93

Rather the nucleosides and in particular adenosine may serve
local purposes in the regulation of the vascular tone.

In diabetes the transporters on the endothelium of the
umbilical cord are down-regulated,94 but not those on the tro-
phoblast.95 Because umbilical cord endothelial cells do not con-
tribute to overall passage of nucleosides one can expect that the
fetus in a diabetic pregnancy is supplied with sufficient nucleo-
sides to ensure adequate formation of nucleotides as building
block for RNA and DNA. The GDM-associated changes in
nucleoside uptake into umbilical endothelial cells more likely
result in an altered local regulation of the vascular tone by 
modifying the adenosine/L-arginine/nitric oxide pathway.96

Insulin and hypoglycemic
compounds
The passage of plasma proteins across the human placental
barrier in humans is a highly selective process. It cannot be
predicted on a simple way based on physical properties,
i.e. protein binding, lipid solubility or molecular weight.
In diabetic pregnancy, the safe use of insulin, insulin analogs
and oral hypoglycemic agents relies on the absence of transfer
from maternal to fetal circulation. It has been known for years
that free maternal insulin does not cross the materno-fetal
barrier either in early or late pregnancy.97–99 In addition, the
absence of significant transfer of insulin lispro100 makes
insulins the primary therapeutic choices for treatment of
pregnant women with diabetes. However, insulin-binding
antibodies have been detected in newborn infants whose 
diabetic mothers received insulin therapy. This is due to
increased titer of antibodies in insulin-treated mothers and,
the higher the antibody titer of the mother the greater is the
total insulin in the fetal circulation.101 The question whether
such exposure would have biological action in the fetus 
and participate to macrosomia has been raised. The poor 
correlation between the concentration of insulin antibody
complexes in fetal plasma and birthweight argues against a
major role of insulin therapy to enhance fetal growth.102–104

However, none of these studies has addressed the relationship
between the antibody titer and change in the ratio of lean/fat
mass in the fetus.

Ex vivo perfusions of human placenta using radioactive
antipyrine as a reference to assess for barrier integrity and 
perfusion constants is the ‘gold standard’ to quantify the pas-
sage of a substance from maternal into the fetal circulation.105

It has been used to characterize the transplacental passage of
several classes of anti-diabetic agents. Thiazolidinediones
(rosiglitazone, pioglitazone), insulin sensitizers of the PPAR-
gamma agonist family, as well as alpha-glucosidase inhibitors
(acarbose) and biguanines (metformim) are oral hypo-
glycemic agents, which readily cross the placental barrier.106

By contrast, glyburide a widely used sulfonylurea does not
cross the placenta and is not metabolized by the placenta
tissue at a significant extent.107 Glipizide, another sulfony-
lurea, however, induced some changes in the placenta in
vitro.108 Agents with incretin effects such as the gut-derived
peptide glucagons like peptide-1 GLP-1 have been recently
developed as glucose dependent insulinotropic compounds.
Exenatide, a synthetic exendin-4 which belongs to this class of
molecules, shows negligible passage across the human 
placenta suggesting that maternal use of this peptide will
result in negligible exposure to the fetus.109

Conclusion
In maternal diabetes mellitus the human placenta undergoes 
a number of changes. The extent of these predominantly
depends on the quality of maternal glycemic control of
mother and hence fetal glycemia. Structural changes are found
mostly in the fetal aspect of the placenta. Maternal–fetal 
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glucose transport across the placenta appears unchanged in
diabetes. An increased flux will mainly be the result of
a steeper concentration gradient between the maternal and
fetal circulations. A reduced feto-placental blood flow may
counteract to excessive fetal supply with glucose. Increased 
glucose storage in the placenta as glycogen may also contribute
to some fetal protection although within small margins.

No clear-cut changes have been identified in the transport of
amino acids, but studies using the perfusion system are pending.
The mechanisms accounting for lipid transport across the 
placenta are far from being understood. Alterations in fatty
acid uptake, metabolism and transport are known, but no
information is available for more complex lipids such as
triglycerides, phospholipids and lipoprotein–cholesterol.
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Introduction
Fetuses of diabetic mothers have markedly different growth
rates and develop considerably different body compositions.
Fetuses of poorly controlled diabetics who have wide swings
in meal-associated plasma concentrations of glucose and fatty
acids tend to be macrosomic, with large amounts of subcuta-
neous adipose tissue. In contrast, severely diabetic pregnant
women, particularly those with vascular disorders and hyper-
tension, frequently produce smaller placentas that transfer
fewer nutrients to the fetus; their fetuses tend to be growth
restricted and relatively devoid of body fat. To appreciate how
such disparate patterns of growth can occur, it is important to
understand the basic aspects of nutrient transport to the fetus
and nutrient regulation of fetal metabolism and growth. In the
following discussion, data from a variety of animal models,
principally sheep, are used to augment and support the more
limited information from humans.

Nutrients for the fetus
The principal metabolic nutrients in the fetus are glucose and
amino acids. Glucose (including its metabolic product lactate)
serves as the principal energy substrate in the fetus for 
maintenance of basal metabolism, energy storage in glycogen
and adipose tissue, and energy requirements of protein 
synthesis and growth. Amino acids, while primarily providing
the structural basis for protein synthesis and growth, also
serve as oxidative substrates for energy production, especially
when glucose is deficient. Fatty acids also are taken up by the
fetus, where they are primarily used for structural compo-
nents of membranes and for growth of adipose tissue.
In humans, fatty acid oxidation occurs readily after birth, even
in preterm infants, indicating that the lack of marked fatty
acid oxidation in the fetus is primarily due to the ready supply
and oxidation of glucose, lactate, and amino acids. Hormonal
regulation of metabolic substrate utilization and growth in the
fetus and the effects in the fetus of insulin and the insulin-like
growth factors (IGFs) are important but secondary to the
supply of nutrient substrates.1–3

Role of the placenta in nutrient
transfer to the fetus
In mammals, the major determinant of intrauterine growth is
the placental nutrient supply, which occurs primarily by diffu-
sion and transporter mediated transport. In turn, these processes
depend upon the size, morphology, blood supply, and trans-
porter abundance of the placenta and on synthesis and metabo-
lism of nutrients and hormones by the uteroplacental tissues.4

The placenta contains membrane transporter proteins for glu-
cose, lactate and fatty acids that facilitate their diffusional trans-
port to the fetus by concentration gradients. The placenta also
actively concentrates and then transfers amino acids to the fetal
plasma, processes aided by the unique positioning of specific
amino acid transporter proteins and systems on the maternal-
facing and fetal-facing trophoblast membranes. The placenta
also consumes nutrient substrates at a very high metabolic rate,
producing part of the transplacental nutrient substrate gradient
for glucose and fatty acids, as well as specific metabolic products
of glucose, lipid, and amino acid metabolism that then provide
a unique nutrient milieu in the fetal plasma.

Most of the increase in placental nutrient transfer capacity
over gestation comes from increased placental growth, prima-
rily of membrane surface area. Placental growth and develop-
ment (size, morphology, and membrane transporter
abundance) are regulated by imprinted paternally derived
genes, such as the placental-specific Igf2–H19 gene complex.5

Activity of these imprinted genes varies according to genetic
supply; thus, a larger paternal Igf2 gene allele supply vs. mater-
nal would lead to a larger placenta and the potential for a larger
fetus. Activity also is affected by epigenetic modification,
thereby allowing for considerable environmental influence
over gene expression; for example, DNA methylation would
tend to limit placental-specific Igf-2 gene activity and produce
smaller placentas and potentially IUGR fetuses. Placental–fetal
metabolic interaction, in which certain substrates transported
directly to the fetus by the placenta are then metabolized into
products for both fetal and, in turn, placental metabolism also
provides a unique fetal nutrient metabolic milieu and
tissue/organ-specific metabolic pathways.1–3
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Nutrient supply and fetal 
metabolic rate
Estimates of carbon supply to the fetus are compared with
requirements for energy production and storage in Table 9.1.3,6,7

The fraction of fetal glucose utilization that actually produces
CO2 is only c. 0.5–0.64,8 (Table 9.2). Thus, carbon substrates
other than glucose (lactate and amino acids, primarily) are
required to meet the oxidative requirements imposed by the
rate of fetal oxygen consumption.

At markedly reduced rates of glucose supply to the fetus,
fetal glucose utilization rates decrease proportionally.8,9 Under
such short-term conditions (hours to days), fetal oxygen 
consumption remains at near normal rates, indicating active
reciprocal oxidation of other substrates, such as glucose
released from glycogen, lactate, amino acids, and, less 
important quantitatively, fatty acids and ketoacids. Over
longer periods of reduced glucose supply (>2 weeks), fetal
oxygen consumption tends to decrease by up to 25–30%.
Because the rate of fetal growth decreases at the same time and
to the same extent, the reduction in fetal oxygen consumption
with prolonged nutrient deficiency probably represents the
oxidative requirements of the decreased protein synthetic rate
and metabolic requirements of growth.

Similar to nutrient deprivation, excess delivery of nutrients
to the fetus, such as with maternal diabetes and hyperglycemia
or experimental glucose infusion into the fetus or mother,
decreases amino acid oxidation, but has little effect on fetal
metabolic rate. A maximal increase of c. 15% in fetal oxygen
consumption has been observed in fetal sheep infused directly
with glucose. The balance of excess glucose consumption
under these conditions maximizes glycogen stores and, in
those fetuses that can produce abundant fat such as the
human, augments the growth of adipose tissue. There is little
evidence that excess amino acid supply enhances the growth
of fetal lean body mass or linear growth. Thus, fetuses of
diabetic mothers tend primarily to be macrosomic (i.e. obese).

Fetal carbohydrate supply and metabolism
The rate of glucose transfer from maternal to fetal plasma and
the net rate of fetal glucose uptake are directly related to the
maternal glucose concentration (Figure 9.1a).10 Fetal growth
rate, glycogen deposition, and fat production and storage in
adipose tissue also are directly related to fetal glucose supply
and uptake. Thus, it is not surprising that fetuses of hyper-
glycemic, diabetic mothers tend to contain more hepatic and
muscle glycogen and body fat than do fetuses of more 
normally glycemic mothers, whether they are diabetic or not.

58 Nutrient delivery and metabolism in the fetus

Table 9.1 Estimated human fetal nutrient substrate balance in late gestation

Carbon (g/kg/day) Calories (kcal/kg/day)

Requirement
Accretion in carcass: non-fat (human) 3.2 32
Accretion in carcass: fat (human) 3.5 33
Excretion as CO2 4.4 0
Excretion as urea 0.2 2
Excretion as glutamate 0.3 2
Heat (measured as O2 consumption) 0.0 50
Total 11.6 119

Uptake
Amino acids 3.9 45
Glucose 3.7 26
Lactate 1.7 21
Fatty Acids 1.1–2.2 17–34
Total 10.4–11.5 109–126

Adapted from (1) Hay and Regnault,3 (2) Battaglia and Meschia,6 and (3) Sparks et al.7

Table 9.2 Fetal carbon substrate oxidation in relation to fetal oxygen consumption (VO2)*

Substrate Oxidation fraction Carbon for oxidation (mmol/min/kg) Fraction of fetal VO2

Glucose 0.55 0.09 0.29
Lactate 0.72 0.14 0.50
Amino acids 0.30 0.03 0.09
Total 0.88

*Estimates derived from data in fetal sheep in late gestation. (From (1) Battaglia and Meschia,6 (2) Hay et al.,8 and (3) Hay and Meznarich.10)
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In contrast to the direct relationship between maternal 
glucose concentration and uterine and fetal glucose uptake
rates, the partition of uterine glucose uptake into fetal and
uteroplacental glucose uptakes is separately regulated by fetal
glucose concentration (Figure 9.1a).10–12 A relatively higher
fetal glucose concentration will diminish placental-to-fetal
glucose transfer in favor of placental glucose consumption,
while a relatively lower fetal glucose concentration will limit
placental glucose consumption and enhance transfer of glu-
cose into the fetal plasma. The concentration of glucose in the
fetal plasma declines relative to that in the maternal plasma
over the second half of gestation. This increases the transpla-
cental glucose concentration gradient in later gestation,
providing a greater driving force to supply glucose for the
increasing glucose requirements of the growing fetus.13 The
decrease in fetal glucose concentration over the second half of
gestation represents an absolute increase in glucose clearance.
At least three principal mechanisms are responsible for this
increase in glucose clearance: the size, cellularity, and glucose
metabolic rate of the brain increases relative to other fetal tis-
sues and organs; there is progressive development of fetal
insulin secretion by the expanding mass of pancreatic islets
and beta cells; finally, there is increased growth of insulin-
sensitive tissues, primarily skeletal muscle, but also the heart
and adipose tissue.

Fetal carbohydrate supply also includes lactate production
in the placenta, which then is transported directionally 
into the fetus2,6,14 by the monocarboxylate transporters MCT1
and MCT4. Placental production of lactate from glucose is
probably more important than the concentration of these

transporters in determining the amount of lactate transported
to the fetus.15

Placental glucose transport
Glucose transporters
Placental glucose uptake and transfer are mediated by Na+-
dependent transport systems on both the maternal-facing
microvillous and fetal-facing basal plasma membranes of the
syncytiotrophoblast.14 GLUT1 and GLUT3 are the predomi-
nant molecular isoforms of glucose transporters (GLUTs) in
the placenta.16–19 GLUT8 also has been found in the ovine 
placenta, and its abundance is reduced in placentas with
intrauterine growth restriction, indicating that it also might
have a quantitatively important functional role in placental
glucose transport.20 GLUT1 is localized in both microvillous
and basal plasma membranes of the syncytiotrophoblast, as
well as endothelial cells and the amnion. These locations pro-
vide transplacental regulation of glucose transport from
maternal to fetal plasma, as well as the reverse when the fetus
independently becomes hyperglycemic relative to the mother
(e.g. experimental infusion of glucose or conditions of stress
in the fetus when fetal glucose production develops).
Expression of the higher affinity GLUT3 isoform in the
human placenta is controversial and its participation in 
glucose uptake and transport has not been confirmed,
although in the sheep placenta, cytochalasian binding assays
indicate that GLUT3 might account for as much as 40% 
of glucose uptake by the end of gestation.19 GLUT 3 also is 
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Figure 9.1 (a) Schematic representation of effect of maternal glucose concentration on uterine glucose uptake, based on
experiments in which glucose was infused into pregnant sheep after an overnight fast to produce a large variety of maternal arterial
blood glucose concentrations. Fick principle measurements were then made of net uterine glucose uptake rates versus the maternal
arterial blood glucose concentration which shows saturation kinetics with an approximate Km value in the physiological range of
maternal glucose concentration (about 50–60 mg/dL). (Adapted from data in Hay and Meznarich.10) (b) Fetal glucose uptake (net
transfer of glucose from placenta to fetal circulation) plotted against maternal arterial glucose concentration showing a saturable
dependence of fetal glucose uptake on maternal glucose concentration. In addition, this relationship is left-shifted as fetal glucose
concentration is decreased, showing that as fetal glucose concentration is decreased relative to that of the mother, which increases
the maternal–fetal glucose concentration gradient, placental-to-fetal glucose transfer increases. (Adapted from data in Hay et al.11) 
(c) Net rate of uteroplacental glucose consumption in sheep, expressed per kilogram of fetus, plotted against fetal arterial plasma
glucose. Solid line: values measured while maternal arterial plasma glucose was clamped at about 70 mg/dL. Dotted line: values
measured while maternal arterial plasma glucose was clamped at about 50 mg/dL. These data show that although maternal glucose
concentration determines glucose entry into the uteroplacenta and fetus, actual uteroplacental glucose consumption is regulated
largely by the fetal glucose concentration. (Adapted from data in Hay et al.11 Reproduced from Hay.12)
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confined primarily to the microvillous membranes of the 
syncytiotrophoblast where it logically might confer direction-
ality of glucose flux across the trophoblast to the fetus, or at
least ensure trophoblast glucose uptake when maternal and
fetal glucose concentrations are reduced, as it has a greater
affinity for glucose than GLUT1.21 Despite considerable study,
the regulation of placental glucose transporter expression and
activity remain poorly defined.22–24 Placental GLUT1 is acutely
up regulated by hypoxia and hyperglycemia, while acute hypo-
glycemia leads to down regulation. Chronic changes in
glycemia, both hyper- and hypoglycemia, generally are associ-
ated with diminished expression.22 Thus maternal hyper-
glycemia causes a time-dependent decline in the entire
placental glucose transporter pool (GLUT-1 and GLUT-3).
In contrast, maternal hypoglycemia decreases GLUT-1 but 
not GLUT-3, resulting in a relatively increased GLUT-3 contri-
bution to the placental glucose transporter pool, which could
maintain glucose delivery to the placenta relative to the fetus
when maternal glucose is low.3 In vitro studies indicate that
changes in GLUT concentrations are related to transport
capacity, but this has not been demonstrated in vivo, except in
experiments in which the transporters were competitively
blocked by pharmacologic inhibitors;19 such studies, however,
did not discriminate among reductions of the different trans-
porters to indicate their relative quantitative contributions 
to glucose uptake and transport.

Kinetics of glucose uptake and transport by the placenta
Although the effect of the maternal glucose concentration on
net placental-to-fetal glucose transfer demonstrates saturation
kinetics,10 this relationship does not necessarily define the
quantitative characteristics of placental-to-fetal glucose trans-
port capacity, because as maternal glucose concentration and
placental glucose transport are increased, both fetal glucose
concentration and fetal glucose utilization rates increase.
Other studies in which glucose was infused directly into the
fetus have shown degrees of increase (slope) and saturation of
fetal glucose utilization rates occurring at about the same fetal
glucose concentrations as determined by maternal glucose
infusions.25 Thus, the maternal glucose infusion approach
reflects fetal glucose consumption kinetics as well as those of
placental-to-fetal glucose transfer. To address this experimen-
tal problem, different studies have used glucose clamp proce-
dures to regulate the maternal-to-fetal glucose concentration
gradient at different maternal and fetal glucose concentra-
tions.11 As shown in Figure 9.1b, placental-to-fetal glucose
transfer is sensitive to a change in fetal glucose concentration,
regardless of the maternal glucose level.11,12

Thus, at almost any maternal glucose concentration 
utero-placental glucose consumption is directly related to the
fetal glucose concentration (Figure 9.1c). These observations
imply that the fetal side of the utero-placenta is markedly
more permeable to glucose than the maternal side. They also
indicate that changes in the fetal glucose concentration have 
a strong influence on placental glucose flux and metabolism.
The importance of this regulation of placental-to-fetal glucose
transfer and net utero-placental glucose consumption by 
fetal glucose concentration is highlighted by observations in

chronically hypoglycemic pregnant sheep in which fetal 
glucogenesis develops,9 thereby contributing glucose molecules
to the fetal glucose pool and sustaining fetal glucose utilization
at near-normal rates. As a result, the placental-to-fetal glucose
concentration gradient and the placental-to-fetal glucose
transfer rate are relatively reduced; under these circumstances,
uteroplacental glucose consumption is maintained at near-
normal rates for the level of maternal glycemia. Thus, fetal
glucose production can compensate for reduced maternal 
glucose supply and sustain placental as well as fetal glucose
utilization requirements.

Several other placental factors may affect placental glucose
transport, including placental surface area, thickness of the
various cell and tissue layers between the maternal and fetal
plasma, rates of uterine and umbilical blood flow, and the 
placental glucose consumption rate. The effect of changes of
placental thickness on glucose transport has not been studied,
but there appears to be a direct relation between the maternal-
to-fetal arterial glucose gradient and the amount of interven-
ing placental and vascular tissue layers. Whether such tissue
layers increase the gradient by glucose consumption or by
imposing a barrier to transport, or both, is not known.

Gestational changes in placental glucose transfer
Placental glucose transport increases markedly over gestation.
In sheep, the increase in transport capacity accounts for 
c. 60% of the increase in placental glucose transport, with an
increase in the transplacental glucose concentration gradient
accounting for the remaining 40%.13 This increased transport
capacity most likely reflects the growth of the surface area 
of the trophoblast and increased numbers of glucose 
transporters.19,22,26 It has not been determined if increased 
trophoblast membrane glucose transporter concentrations
occur as well.

Fetal glucose uptake and utilization
Glucose utilization rate in near-term fetal sheep averages 
c. 5–7 mg/min/kg.27 This value is similar to those measured in
term human newborn infants using stable isotope tracer
methodology,28 and is about half the value that occurs at mid-
gestation in fetal sheep9 when fetal growth, protein turnover,
and fractional synthetic rates also are about twice those closer
to term. The high correlation between fetal glucose utilization
and growth rates indicates that glucose probably serves a
major role as the energy supply for the protein synthesis
required for growth. Indeed, fetal growth restriction is directly
related to glucose deprivation.29 Table 9.3 presents estimated
utilization rates of glucose in several fetal organs and the
remaining carcass of fetal sheep in late gestation. All organs
are dependent on the plasma glucose concentration for their
specific rate of glucose uptake, while skeletal muscle, heart,
and liver develop insulin sensitivity in later gestation. It still is
not known to what extent basal insulin concentration affects
glucose uptake by specific organs and tissues in the fetus. An
acute decrease in the fetal plasma insulin concentration (studies
in fetal sheep), however, such as by somatostatin infusion,

60 Nutrient delivery and metabolism in the fetus

9780415426206-Ch09  11/29/07  6:15 PM  Page 60



does not affect measurements of fetal glucose utilization rate.
These procedures do, though, lead to an increase in fetal 
glucose concentration. Thus, the basal plasma insulin concen-
tration in the fetus appears to regulate glucose production but
not utilization; the latter is more under the control of the
plasma glucose concentration.

Fetal glucose transporters
GLUT1 is found throughout the fetal tissues and on all
endothelial cells, and probably accounts for the majority of
basal tissue glucose uptake from the fetal plasma. GLUT4 is
found in the heart, adipose tissue, and skeletal muscle. In the
fetal sheep, the GLUT1 protein concentration is up-regulated
by hypoglycemia and hypoinsulinemia in skeletal muscle and
adipose tissue, while there is no change in the brain.30 In con-
trast, hyperglycemia appears to down-regulate GLUT1 protein
concentrations in most tissues. Insulin-responsive GLUT4
protein is up-regulated by hypoglycemia, but in response 
to hyperglycemia it is initially up-regulated and then down-
regulated to normal or less than normal levels in skeletal
muscle and adipose tissue.31,32 Acute hyperinsulinemia
increases the whole fetal glucose utilization rate, principally in
the heart and skeletal muscle,14 and decreases the fetal plasma
glucose concentration,8 but it has been difficult to demon-
strate in which organs this increased glucose utilization rate
takes place. Hyperinsulinemia also appears to have acute
effects on increasing protein concentrations for both GLUT1
and GLUT4.31,32 Different studies among species, tissues studied,
gestational ages, and conditions of glycemia and insulinemia
show considerable variability and complexity of changes in
glucose transporter concentrations during fetal life.33

Kinetics of the glucose utilization rate in the fetus
The principal actions of insulin in the human fetus are 
to increase protein anabolism and, by increasing cellular 
glucose uptake, to promote lipid formation and deposition 

in adipose tissue. In this situation, substrate supply (amino
acids, glucose, fatty acids and triglycerides, and glycerol) is
probably as or more important than insulin itself. The capacity
for glucose utilization in the human fetus can only be 
estimated from measurements in prematurely born infants or
in animal models such as the sheep. In preterm humans,
doubling or even tripling of glucose utilization rate (GUR)
from basal is possible.34 GUR in fetal sheep follows Michaelis–
Menten kinetics,8 and is relatively limited to a doubling of
basal GUR. This capacity is variable, however, as increased
entry of glucose into the fetal plasma from the placenta
increases fetal glucose concentration and insulin secretion,
which, in turn, augments fetal glucose utilization, thus limiting
further increases in the fetal glucose concentration. Glucose
and insulin clamp experiments in fetal sheep, in which glucose
or insulin or both are infused until GUR reaches maximal
rates, have shown that plasma glucose and insulin concentra-
tions act independently (i.e. additively) to increase glucose
utilization and oxidation.8 Despite wide changes in glucose
utilization, the relative proportion of glucose oxidized during
short-term 3–4-h studies (c. 55%) does not change signifi-
cantly over the entire range of glucose utilized. Furthermore,
because rates of oxygen consumption and thus the fetal meta-
bolic rate do not vary significantly, if at all, under these 
circumstances, oxidation of other carbon substrates, such as
amino acids and lactate, must increase in compensation.
Indeed, sustained hypoglycemia in fetal sheep leads to a near 
doubling of the rate of leucine oxidation relative to the rate of
leucine disposal from the plasma.35

In contrast to the acute effect of increased fetal plasma
insulin concentrations to increase fetal glucose utilization and
decrease fetal plasma glucose concentrations, an acute
decrease of fetal plasma insulin concentration, for example,
with somatostatin infusion, does not appear to affect the fetal
glucose concentration or rate of glucose utilization.36 It is pos-
sible that the decrease in insulin concentration allows fetal
glucose production to develop under these conditions, which
would limit glucose transfer to the fetus from the placenta,
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Table 9.3 Metabolic rates in the fetus that account for glucose utilization (based on data in fetal sheep and 
estimates for human fetuses for brain)

Glucose utilization rate (mg/min/kg fetus) Percent of total

Whole fetus (sheep, measured) 5.0 100
Whole fetus (human, estimated) 6.0–8.0 100
Brain (sheep, measured) 0.8 16
Brain (human, estimated) 4.0 50–67
Heart (sheep, measured) 0.65 13
Lungs (sheep, estimated) 0.1 2
Liver (sheep, measured) 0.1 2
Red blood cells (human, estimated) 0.1 2
Gut (sheep, estimated) ?? ??
Carcass/skeletal muscle (estimated, sheep) 3.25 65
Total of organs accounted for

Sheep 5.0 100
Human 8.2 103–137

*Adapted from (1) Hay and Regnault,3 (2) Battaglia and Meschia,6 and (3) Sparks et al.7
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preventing a measurable increase in fetal glucose concentration.
A chronic decrease of fetal plasma insulin concentration,
however, either by pancreatectomy or injection of streptozo-
tocin (a drug that leads to destruction of the pancreatic beta
cells) into the fetus,37,38 results in an increased fetal plasma
glucose concentration. As discussed above, fetal hyper-
glycemia decreases placental to fetal glucose transfer. Chronic
hyperglycemia in fetal sheep also is associated with decreased
peripheral tissue insulin sensitivity and glucose utilization
capacity39 (and with decreased GLUT1 and GLUT4 trans-
porter concentrations in skeletal muscle, liver, and adipose
tissue, as discussed above30–32), as well as the potential release
of insulin’s normal inhibition of hepatic glucose production.

As a result of chronic fetal glucose deprivation, from 
whatever cause, fetal growth rate diminishes. Fetal insulin
concentration is reduced in such hypoglycemic, glucose-
deprivation conditions, and placental-to-fetal glucose transfer
is secondarily reduced as a result of the compensatory develop-
ment of fetal glucose production and relative increase in fetal
glucose concentration. These results indicate that one growth-
regulating effect of insulin in the fetus is its capacity to enhance
glucose utilization, in addition to its independent and direct
effects to stimulate protein synthesis via the classical insulin
signal transduction cascade and inhibit protein breakdown.
Examples of metabolic effects of increased glucose supply 
to the fetus are shown in Box 9.1.14

Fetal insulin secretion
Glucose-stimulated fetal insulin secretion (measured as an
acute increase in fetal plasma insulin concentration) increases
more than five-fold during the second half of gestation in fetal
sheep.40 Similar results appear to occur in human fetuses,
derived from studies of human fetal islets in vitro and insulin
secretion in preterm infants.41 Fetal insulin secretion also can
be modified by the degree, duration, and pattern of changes in
the fetal plasma glucose concentration. Experiments in fetal
sheep,42 for example, have shown that sustained, marked,
relatively constant hyperglycemia actually decreases both basal

and glucose stimulated fetal insulin secretion (GSIS); respon-
siveness to amino acids such as arginine also is diminished. In
contrast, glucose-stimulated insulin secretion is augmented in
most gestational diabetic women; in these cases, there is 
a strong tendency to develop increasingly exaggerated, meal-
associated hyperglycemia in late gestation.43 Similar results
have been found in fetal sheep whose mothers received inter-
mittent, pulsatile boluses of glucose intravenously.44 Thus,
a principal cause of enhanced fetal insulin secretion is 
variability in the magnitude and the intermittent nature of
fetal glucose concentration, with pulsatile fetal hyperglycemia
producing the largest increase in GSIS.

Fatty acids also stimulate fetal insulin secretion; their 
concentrations are increased in pregnant diabetics and in their
fetuses in late gestation, perhaps contributing to augmented
fetal insulin secretion.43 Acute and chronic hypoglycemia, and
probably hypoaminocidemia as well, diminish fetal insulin
secretion.36 Responsible mechanisms are not known, although
presumably glucose activates insulin gene response elements,
and both glucose and amino acids are necessary to develop
mechanisms that regulate insulin secretion from the pancre-
atic beta cell.

In contrast to such variable hyperglycemic conditions that
generally augment insulin secretion, sustained hypoglycemia
usually diminishes fetal insulin secretion. For example, in fetal
sheep in late gestation, fetal hypoglycemia produced by insulin
infusion into the mother, produces normal to increased fetal
pancreatic islet insulin content, but reduced fetal GSIS.
Because these islets have normal glucose metabolism, ATP-
activated potassium channel activity, and calcium entry
through voltage-dependent calcium channels, the defective
insulin secretion appears to be localized to insulin trafficking
and/or exocytosis from the beta cell.45 Recent studies in rats
and sheep indicate that low protein diets in the mother, fetal
amino acid deficiency, and intrauterine fetal growth restric-
tion decrease fetal insulin secretion by decreased growth of the
endocrine pancreas.46,47 Vascular deficiency (decreased angio-
genesis) is common in all of these islets in IUGR fetuses.47

In addition, in IUGR fetal sheep caused by fetal nutrient
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Box 9.1 Fetal responses to increased glucose supply

Acute: mild–moderate
● hyperglycemia
● increased insulin production, secretion, and hyperinsulinemia
● increased glucose utilization and oxygen consumption
● mild arterial hypoxemia
● increased placental lactate production, and fetal lactate uptake and utilization
Acute: severe
● increased fetal oxygen consumption, arterial hypoxemia and metabolic acidosis
● decreased placental perfusion leading to fetal demise
Chronic
● decreased insulin secretion and/or synthesis if hyperglycemia is marked and constant
● increased insulin secretion and/or synthesis if hyperglycemia is variable
● increased ratio of placental glucose consumption to placental glucose transfer increased erythropoietin production

(Adapted from Hay Jr WW. Nutrition and development of the fetus: carbohydrates and lipid metabolism. In: Walker WA, Watkins JB, eds. Nutrition
in Pediatrics (Basic Science and Clinical Applications), 2nd edn. Neuilly-sur-Seine, France: Decker Europe; 1996, pp. 364–78.)
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restriction from placental insufficiency, pancreatic beta cell
replication is inhibited by cell cycle arrest of mitosis; islets are
smaller and although they secrete insulin at normal to increased
rates relative to their insulin content, they simply have less
insulin because they contain fewer beta cells.48 Other studies
in rats have found that uteroplacental insufficiency induces
oxidative stress and marked mitochondrial dysfunction in the
fetal beta cell.49 ATP production is impaired and continues to
deteriorate with age. The activities of complexes I and III of
the electron transport chain progressively decline in IUGR
islets in these animals, followed by mitochondrial DNA point
mutations that accumulate with age and are associated 
with decreased mtDNA content and reduced expression of
mitochondrial-encoded genes. Mitochondrial dysfunction
results in impaired insulin secretion. These results demonstrate
that IUGR can induce mitochondrial dysfunction in the fetal
beta cell leading to increased production of reactive oxygen
species (ROS), which in turn damage mtDNA. A self-reinforcing
cycle of progressive deterioration in mitochondrial function
then could lead to a corresponding decline in beta cell function,
finally reaching a threshold in mitochondrial dysfunction and
ROS production that could lead to diabetes mellitus.

In all of these fetal conditions of under nutrition and 
metabolic insult, a final common pathway might be earlier
and more frequent onset of later life diabetes based on
decreased pancreatic capacity for growth and insulin produc-
tion that began in fetal life, representing a fetal origin of an
adult disease.50

Effect of other hormones on fetal
glucose metabolism
Fetal thyroid hormone indirectly enhances fetal glucose 
utilization by increasing the fetal metabolic rate (oxygen 
consumption).51 Changes in fetal plasma cortisol concentra-
tions during late gestation have little effect on fetal glucose
concentrations or on the rates of glucose utilization.52

However, fetal plasma cortisol concentrations do increase in
very late gestation, at which time cortisol-dependent increases
in fetal hepatic glycogenolytic and gluconeogenic enzyme
activities develop. These may enhance the glucogenic capacity
of the fetus, thereby contributing to the endogenous glucose
production observed in normal fetuses just before term and at
the time of delivery.53 Glucagon and circulating catecholamines
(adrenal epinephrine and spillover norepinephrine from
peripheral nerve endings) are normally present in modest
concentrations in the fetal plasma, but they do stimulate fetal
glucogenesis when infused into the fetus. Catecholamines 
promote glucose production at physiological levels,54 but
glucagon must reach relatively high concentrations in the fetal
plasma to do this.55

Insulin, IGF and other growth factors
Acute changes in fetal plasma IGF-I concentrations appear to
have little or no effect on fetal glucose kinetics.56 Glucose does,
however, act at the transcriptional level to regulate the produc-
tion and plasma concentrations of both IGF-I and IGF-II.57

Plasma insulin also independently promotes IGF-I synthesis.57,58

These observations indicate that the intracellular supply
and/or concentration of glucose can regulate fetal IGF-I 
production. In turn, increased plasma IGF-I concentrations
can inhibit protein breakdown,58 as does insulin,59 although
this effect of IGF-I occurs primarily at higher glucose 
concentrations. Thus, both insulin and IGF-I indirectly
enhance the capacity for glucose to promote fetal nitrogen
balance and growth. In fetal sheep, an acute increase in the
fetal insulin concentration activates proteins in the mitogen
activated protein (MAP) kinase cascade but glucose does not,
indicating that insulin might have independent and direct
effects on stimulating protein synthesis, cell growth, and cell
replication.60 Similarly, acutely increased insulin concentra-
tions in fetal sheep promote amino acid utilization and net
nitrogen balance.61 Such effects are probably short-lived, in
that chronic infusions of insulin do not increase growth of
lean tissues very much; instead, they contribute more to
enhancing lipid production and storage in adipose tissue.
Interestingly, insulin and amino acids act independently of
glucose to promote amino acid synthesis into protein, in that
reductions of glucose supply, utilization, and oxidation in the
presence of increased insulin and amino acid concentrations
do not alter amino acid oxidation, leaving their combined
effect primarily on producing net protein balance.62

Fetal glucose carbon contribution to
glycogen formation
Many fetal tissues, including the placenta, as well as the brain,
liver, lung, heart, and skeletal muscle, produce glycogen over
the second half of gestation.63 Liver glycogen content increases
with gestational age (Figure 9.2) and is the most important
store of glycogen for systemic glucose needs, because only the
liver contains sufficient glucose-6-phosphatase for release of
glucose into the circulation. Skeletal muscle glycogen content
increases during late gestation, whereas lung glycogen content
decreases with loss of glycogen-containing alveolar epithe-
lium, development of type II pneumocytes and onset of
surfactant production.64 Cardiac glycogen concentrations
decrease with gestation as cellular hypertrophy develops.
Despite this decrease, the cardiac glycogen content is essential
for postnatal cardiac energy supply and cellular function;
in fact, deficits of cardiac glycogen are associated with 
shortened survival time during periods of anoxia.65 In this
regard, it is important to note that fetal heart GLUT4 
abundance increases in late gestation in IUGR fetuses relative
to normally growing fetuses,66 perhaps thereby maintaining 
its glucose uptake capacity and glycogen synthesis and 
storage despite the low circulating glucose concentrations 
that are characteristic of IUGR fetuses. Fetal glycogen 
synthetic rates vary from low, steady rates of accumulation 
in species with relatively long gestations, such as the human
and sheep, to exceptionally high rates in species such as the 
rat that have relatively short gestations. In larger, more 
slow-growing fetuses (e.g. sheep, monkey, human), glycogen
synthesis by the liver accounts for only a small (< 10%) 
portion of fetal glucose utilization.67

Fetal glucose carbon contribution to glycogen formation 63
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Fetal glucogenesis
Tracer studies in humans68 and sheep10 have shown that when
glucose tracer is infused into the mother the specific activity
or enrichment ratio of tracer (labeled) glucose to non-labeled
glucose in the fetal plasma is the same as in the maternal
plasma. This demonstrates that the only source of glucose in
the fetus is from the maternal plasma, otherwise, new glucose
production into the fetal plasma from either the fetus itself or
from the placenta would dilute the tracer glucose coming from
the mother along with unlabeled glucose, thus lowering the
fetal enrichment ratio. Furthermore, studies in fetal sheep
have shown that the net uptake of glucose by the fetus from
the placenta invariably is equal to the fetal glucose utilization
rate, independently measured with glucose tracers.69 Thus,
there is no evidence for fetal glucose production under normal
conditions. Also, there is little if any fetal glucogenesis under
the conditions of short-term (1–4 h) changes in maternal and
fetal glucose concentrations, the placental-to-fetal glucose
transfer, and fetal glucose utilization rates. Measurable rates of
fetal glucose production only develop significantly after pro-
longed periods (several days) of decreased fetal glucose supply,
and sustained fetal hypoglycemia and hypoinsulinemia. The
capacity of the fetus to make new glucose molecules from
non-glucose substrates (e.g. lactate, amino acids, and glycerol)

varies considerably among species. In nearly all cases this
appears to be a late gestational development, augmented by
cortisol activation of phosphoenolpyruvate carboxykinase,
the rate-limiting step for gluconeogenesis, and glucose-
6-phosphatase, the enzyme necessary for release of glucose
from the liver into the circulation.70

Fetal lipid metabolism
Placental lipid metabolism and fetal lipid supply
The amount and type of fatty acid or complex lipid trans-
ported by the placenta varies among species. Lipid transport
varies according to the transport capacity of the placenta; it is
greatest in the hemochorial placenta of the human, guinea pig
and rabbit, and least in the epitheliochorial placenta of the
ruminant and the endotheliochorial placenta of the carni-
vores.71 There are many lipid substances in the plasma that 
are transported across the placenta that are essential for pla-
cental and fetal development, even if they do not contribute to
nutritional or energy metabolism. Also, brown fat is common
to all fetuses; it is essential for postnatal thermogenesis, even if
the neonate is not ‘fat’ with white adipose tissue. Furthermore,
many lipid substances entering the fetus are qualitatively 
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Figure 9.2 Liver glycogen in various species before and after birth. Hepatic glycogen content in several species is shown to
increase  with gestational age, decrease precipitously during the immediate postnatal period, and increase again with a normal
neonatal diet. (From Shelly.63)
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different from those taken up by the uterus and utero-placenta,
implying active placental metabolism of individual lipid 
substances. More complex pathways include lipoprotein 
dissociation by placental lipoprotein lipase activity, triglyc-
eride uptake and metabolism (including metabolic pathways
of oxidation, chain-lengthening, synthesis, and interconver-
sions), and release into the fetal plasma as free fatty acids
(FFA) or lipoproteins.72 FFA uptake by the placenta and trans-
fer to the fetus increase over gestation in response to a gesta-
tional increase in placental lipoprotein lipase activity, which
appears to be increased by glucose and insulin.73 Placental
expression of the fatty acid transporter binding protein L-FAB
also is increased in diabetic pregnancies.74 Together, these
changes perhaps contribute significantly to the greater lipid
transport to the fetus and resultant macroscomia in gesta-
tional diabetics. A schema of placental lipid uptake, metabo-
lism, transport and metabolic interaction with the fetus is
shown in Figure 9.3.2,72

The fetal impact of maternal plasma FFA and lipid concen-
trations is reflected in the fetal lipid content and adipose tissue
development. Fatter human fetuses develop in pregnant
women who have higher plasma concentrations of fatty acids
and other lipids, particularly among women with diabetes
during pregnancy. In humans, umbilical venous–arterial fatty
acid concentration differences in cord blood samples show
that the net flux of non-esterified fatty acids into the fetus
from the maternal circulation can account for the fetal
requirement of fatty acids during the end of pregnancy.75

Other estimates that are based on fetal lipid accumulation, as
well as in vitro transfer experiments, estimate that as much as
50% of fetal fatty acid requirements are transferred across the
human placenta.14,75 Overall, therefore, it appears that there is
a relatively direct relationship between the permeability of the
placenta to lipids, especially fatty acids, and the adiposity 

of the fetus at term. Human fetuses develop the most fat
(15–18% of body weight at term), laboratory guinea pigs are
second at c. 12%, laboratory rabbits third at c. 7%, and the
sheep, because there appears to practically no fatty acid transfer
except for essential fatty acids across the ovine placenta, only
c. 3% (Figure 9.4).3,7,14,71

Fetal lipid metabolism
Physiological changes that develop in the fetus in late gestation
and increase nutrient utilization, such as the increase in plasma
insulin concentration, act to enhance net maternal-to-fetal fatty
acid and lipid transport by increasing fatty acid utilization in
the fetus (largely to develop adipose tissue).7 Increased utiliza-
tion of fatty acids by fetal tissues lowers fetal plasma fatty acid
concentrations relative to those in the maternal plasma and
increases the maternal-to-fetal fatty acid concentration 
gradients. For example, human maternal venous blood concen-
trations of fatty acids are directly related to the umbilical artery
FFA concentrations and the umbilical vein-artery concentra-
tion differences of FFA.75 In guinea pig placentas perfused 
in vitro, lowering the fatty acid concentrations in the fetal side
perfusate relative to that in the maternal side perfusate 
independently increases fatty acid transfer across the placenta.76

Placental amino acid uptake and
transport to the fetus
Growth of placental amino acid transport capacity
As pregnancy advances, the increasing protein synthetic and
nitrogen balance demands of the growing fetus are met by 
an appropriate increase in placental amino acid transport.
This enhanced transport is facilitated by increases in placental 
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perfusion, trophoblast membrane exchange area, transporter
concentrations in the trophoblast membranes, and alterations
in trophoblast membrane potential differences.77 Because of
the dominant effect of active transport of amino acids, modest
variations within the normal range of uterine and umbilical
(total placental) blood flow do not affect amino acid uptake by
the placenta or transport to the fetus.78 Some amino acid
transport systems also increase their transport activity over
gestation.78–82 Changes in amino acid transporter concentra-
tion and transport capacity also are environmentally regulated;
for example, placental System A activity and related amino 
acid transport are down-regulated in pregnant rats fed a low
protein diet, perhaps contributing to the well characterized
fetal growth restriction in such conditions.83 Similarly, placen-
tal insufficiency in pregnant sheep exposed to high environ-
mental temperatures appears related to early gestational
increases in placental IGF-II and IGFBP-4, possibly thereby
promoting angiogenesis but limiting exchange surface area.84

Vectoral transport of amino acids from maternal to fetal
plasma is further aided by adding transporter activity at the
microvillous maternal-facing membrane that increases 
placental amino acid uptake, and by adding transporter activity
at the basal fetal-facing membrane that facilitates transport of
amino acids into the fetal plasma.

Fetal amino acid uptake
Amino acids are actively concentrated in the trophoblast
intracellular matrix by Na+/K+-adenosine triphosphate-
(ATP)ase- and H+-dependent transporter proteins at the
maternal-facing microvillous membrane of the trophoblast
and then transported into the fetal plasma producing
fetal–maternal plasma concentration ratios ranging from 
1.0 to >5.0.77,85 This active transport process is decreased by
hypoxia and hypoglycemia in vivo.86,87 In vivo studies also
show that many amino acids are directly transported across

the placenta according to their concentration in maternal
plasma, while in vitro studies produce opposite results, showing
for example that low amino acid concentrations in incubation
medium of primary cultures of trophoblast vesicles increases
transport, indicating that synthesis of the transporters is in
part responsible for their functional state.88 Peptide uptake also
has been observed. For example, protein molecules as small as
albumin and as large as gamma-globulin pass from maternal to
fetal plasma by pinocytosis with increasing efficiency as gesta-
tional age progresses.89 This additional amount of protein
probably provides little nutritional value, as shown by studies
in the fetal lamb in which total amino nitrogen uptake is not
different from the total amino nitrogen uptake in the form of
amino acids.90 Additional studies in sheep show that net total
fetal amino acid uptake can account for up to 30–40% of the
combined carbon requirements for oxidative metabolism and
deposition in fetal protein, glycogen and fat, as well as provid-
ing 100% of the fetal nitrogen requirements.90,91 The placenta
and fetus also interact in a variety of ways to ensure amino acid
supply to a large and complex set of vital developmental,
metabolic and signaling processes that are unique to fetal
growth and development (Figure 9.5).3 In gestational diabetics
in particular, there is increasing evidence that up-regulation 
of nutrient transport capacity in the placenta contributes 
significantly to nutrient supply to and growth of the fetus.
Recent studies in vivo provide evidence for increased delivery
of amino acids to the fetus in gestational diabetes (GDM) even
when metabolic control is strict. Studies in vitro demonstrate
an up-regulation of placental transport systems for certain
amino acids in GDM associated with fetal overgrowth. GDM
is also characterized by changes in placental gene expression,
including up-regulation of inflammatory mediators and
leptin. In Type 1 diabetes with fetal overgrowth the in vitro
activity of placental transporters for glucose and certain
amino acids as well as placental lipoprotein lipase is increased.
Furthermore, both clinical observations in Type 1 diabetic
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pregnancies and preliminary animal experimental studies
suggest that even brief periods of metabolic perturbation early
in pregnancy may affect placental growth and transport 
function for the remainder of pregnancy, thereby contributing
to fetal overgrowth.92

Fetal amino acid metabolism
Fetal amino acid oxidation
Evidence for a relatively high rate of fetal oxidation of amino
acids comes from three observations: amino acids are taken up
by the fetus in excess of their rate of deposition in fetal 
protein;90 fetal urea production rates are quite high;93 fetal
infusions of carbon-labeled amino acids have produced fetal
production and excretion of labeled carbon dioxide.94 The
urea production rate in fetal sheep can account for 25% of
fetal nitrogen uptake in amino acids. This magnitude of urea
production also can account for up to c. 2% of total fetal
carbon uptake and representing c. 6% of fetal carbon uptake
in amino acids.95 Such fetal urea production rates are large,
exceeding neonatal and adult weight-specific rates, indicating

relatively rapid protein turnover and oxidation in the fetus. 95

Oxidation rates have been calculated for leucine (c. 25% of
utilization), lysine (c. 10% of utilization) and glycine (c. 13%
of utilization). These studies also demonstrate that the fetal
oxidation–disposal rate ratio is directly related to the excess
umbilical uptake of these amino acids above that required for
protein accretion and to the plasma concentration of the
amino acid.90,96

Fetal protein synthesis and turnover
The net umbilical uptake rates of several non-essential amino
acids are less than their total rate of utilization, emphasizing
the need for a relatively high rate of fetal amino acid 
production.93 Protein synthetic rates also are quite high.
Fractional protein synthetic rate (kS) and fractional growth
rate (kG) in fetal sheep have been compared using two 
tracers, 14C-leucine and 14C-lysine, at different gestational ages
(Figure 9.6).96,97 The higher protein synthetic rate in the mid-
gestation fetus is proportional to the higher metabolic rate
and glucose utilization rate at that stage of gestation. Thus,
protein synthesis relative to the amount of oxygen consumed
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is quite constant from mid-gestation until term.98 The reduction
in the protein synthetic rate over gestation also is related to the
changing proportion of body mass contributed by the major
organs. For example, the body-weight-specific mass of skeletal
muscle, which has a relatively lower kS, increases more than
other organs in late gestation, which would contribute to a

decrease in the whole-body kG.99 Many anabolic endocrine–
paracrine factors, such as insulin, pituitary, and placental
growth hormone, placental lactogen, IGFs, and epidermal
growth factors increase in late gestation. A direct relationship
with such growth factors cannot be made, however, since most
studies indicate an increasing concentration or secretion of
these substances over gestation.100 Simultaneous increases in
binding proteins and changes in receptor density and binding
capacity also develop that interact with and regulate the action
of the various growth factors, thereby modulating their direct
effects on promoting protein synthesis and cell growth.

Fetal skeletal muscle amino acid metabolism
Skeletal muscle in the fetal sheep takes up both essential and
non-essential amino acids from the circulation,101 reflecting
the relatively high rate of protein synthesis and nitrogen 
accretion of the fetus. Under hyperinsulinemic conditions, in
which glucose and amino acids are also infused to maintain
normal concentrations, net uptake of most amino acids by
skeletal muscle increases, reflecting reduced rates of proteoly-
sis more than increased rates of protein synthesis. Protein syn-
thesis is more strongly regulated by the plasma concentration
of amino acids than by insulin alone. IGF-I acts similarly to
insulin. Glucose utilization also increases the net protein bal-
ance, perhaps simply by substituting its carbon for that of amino
acids in the tricarboxylic acid cycle, indicating that a positive
energy balance and the provision of amino acids allow insulin
(and IGF-1) to promote nitrogen accretion most effectively.102,103
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Introduction
Gestational diabetes mellitus (GDM) is characterized by 
carbohydrate intolerance of variable severity, with onset or
first recognition during pregnancy. This definition applies
whether or not there is a need for insulin and whether or not
it disappears after the pregnancy. It does not apply to gravid
patients with previously diagnosed diabetes.1 A detailed 
discussion of glucose regulation in pregnancy is beyond the
scope of this paper. However, two points are important for the
discussion that follows. First, pregnancy is normally attended
by progressive insulin resistance that begins near mid-
pregnancy and progresses through the third trimester to levels
that approximate the insulin resistance seen in individuals
with Type 2 diabetes. The insulin resistance appears to result
from a combination of increased maternal adiposity and the
insulin-desensitizing effects of hormonal products of the 
placenta. The fact that insulin resistance rapidly abates follow-
ing delivery suggests that the major contributors to this state
of resistance are placental hormones. The second point is that
pancreatic beta cells normally increase their insulin secretion
to compensate for the insulin resistance of pregnancy. As a
result, changes in circulating glucose levels over the course of
pregnancy are quite small compared with the large changes in
insulin sensitivity. Robust plasticity of beta-cell function in the
face of progressive insulin resistance is the hallmark of normal
glucose regulation during pregnancy.

Although pregnancy is a carbohydrate-intolerant state,
only a small proportion of pregnant women (3–5%) develop
GDM. As pregnancy advances, the increasing tissue resistance
to insulin creates a demand for more insulin. In the great
majority of women, insulin requirements are readily met, so
the balance between insulin resistance and insulin supply is
maintained. However, if resistance becomes dominant due to
impaired insulin secretion, hyperglycemia develops. In the
majority of such cases, it develops in the last half of pregnancy,
with insulin resistance increasing progressively until delivery,
when, in most cases, it rapidly disappears.

Controversy still exists about the screening and diagnosis
of GDM. In the majority of cases, carbohydrate intolerance is
asymptomatic and can be detected only by routine screening
challenge tests. A detailed discussion of variations in the diag-
nostic criteria is beyond the scope of this chapter, but the main

issue is that the diagnosis of GDM is based on the screening of
a large number of apparently healthy young women.

As in Type 1 diabetes mellitus, GDM is associated with
both insulin resistance and impaired insulin secretion.2–4 The
two disorders also share the same risk factors, have a corre-
sponding prevalence within a given population and have the
same genetic susceptibility; therefore, they are assumed to be
etiologically indistinct, with one preceding the other.

In this chapter, the development of insulin resistance
during pregnancy, hormones and newly discovered factors
associated with insulin resistance and secretion, the insulin-
signaling system during normal and diabetic pregnancy, and
metabolic predictors of diabetes will be discussed.

Insulin sensitivity and resistance in
pregnancy
The majority of women with GDM appear to have beta-cell
dysfunction that occurs on a background of chronic insulin
resistance. As noted above, pregnancy normally induces quite
marked insulin resistance. This physiological insulin resist-
ance also occurs in women with GDM. However, it occurs on
a background of chronic insulin resistance to which the
insulin resistance of pregnancy is partially additive. As a result,
pregnant women with GDM tend to have even greater insulin
resistance than normal pregnant women.

The cellular mechanisms underlying insulin resistance in
normal and diabetic pregnancy are still unknown. The meas-
urement of fasting insulin concentrations and the calculation
of fasting insulin:glucose ratios can provide a qualitative but
not a quantitative estimation of insulin sensitivity. In non-
pregnant patients, hyperinsulinemic–euglycemic clamps5 and
minimal-model analysis of intravenous glucose tolerance tests
(IVGTT)6,7 have been used to obtain quantitative data about
insulin action. The IVGTT model provides data on the glucose
infusion that is required to maintain euglycemia during 
constant insulin infusion. However, its use in pregnancy is
limited owing to the change in the relationship between
common measures of body size, such as total body weight and
body surface area. Catalano et al.8,9 were the first to conduct a
prospective longitudinal study using the hyperinsulinemic–
euglycemic clamp model in obese and non-obese gravid
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women with normal glucose tolerance tests. They found a
47% decrease in insulin sensitivity in obese gravid women and
a 56% decrease in lean gravid women. Differences in whole-
body insulin sensitivity tend to be small in the third trimester,
owing to the marked effects of pregnancy itself on insulin
resistance. Nonetheless, precise and direct measures of insulin
sensitivity applied during the third trimester have identified,
in women with GDM, exaggerated resistance to insulin’s ability
to stimulate glucose utilization.9

The development of resistance to the glucose-lowering
effects of insulin is a normal phenomenon of pregnancy.
In a pioneer study, Burt et al.10 demonstrated that pregnant
women experience fewer hypoglycemic events in response 
to insulin infusion than non-gravid women. Accordingly, later
research found women with normal pregnancies had progres-
sively exaggerated insulin responses to ingested glucose,
together with a slightly decreased glucose tolerance.11,12 Using
the IVGTT model, Buchanan et al.13 and Cousins et al.14

demonstrated a significant (70%) reduction in insulin sensi-
tivity during the second trimester of normal pregnancy, with
a return to normal values shortly after delivery. Ryan et al.2

were the first to report quantitative differences in insulin 
sensitivity between normal and diabetic pregnancies.
Other researchers noted that insulin sensitivity was lower in
patients with GDM than in patients with normal pregnancies
at 12–14 weeks of gestation, before the point of maximal 
physiological insulin resistance; however, the difference was
not statistically significant. By the third trimester, insulin
resistance was similar in the two groups.8,14

Much effort has been invested to identify the tissues that
contribute to the insulin resistance of pregnancy. Findings in
animal models indicate a 40% reduction in insulin-mediated
glucose utilization by skeletal muscle, and a similar effect in
cardiac muscle and fat cells.15,16

It remains unclear whether hepatic insulin sensitivity is
altered during gestation. Kalhan et al.17 and Cowett et al.18

noted no significant differences in basal glucose production in
pregnant women at term compared to non-pregnant control
subjects when the data were expressed per kilogram of body
weight; however, expression of the data in relation to pre-gravid
weight yielded an increase in hepatic glucose production in late
pregnancy.19 Furthermore, in hyperinsulinemic–euglycemic
clamp studies, hepatic glucose production was significantly
less suppressed in lean and obese patients with GDM than in
the control group.8,9

Hormonal effect in normal and
diabetic pregnancy
Reproductive hormones tend to increase during pregnancy,
most of them contribute to insulin resistance and altered beta-
cell function.

Estrogen and progesterone
In early pregnancy, both progesterone and estrogen rise but their
effects on insulin activity are counterbalanced. Progesterone
causes insulin resistance whereas estrogen is protective.20

An IVGTT test given to estrogen-treated rats showed a signifi-
cant decrease in glucose concentrations and a 2-fold increase in
insulin concentration;21 the addition of progesterone was asso-
ciated with a 70% increase in the insulin response to a glucose
challenge test, but there were no alterations in glucose toler-
ance.22 In cultured rat adipocyte tissue treated with estrogen,
there was no effect on glucose transport, but maximum insulin
binding was increased. However, progesterone decreased both
maximum glucose transport and insulin binding.20,21

Gonzalez et al.23 evaluated the role played by progesterone
and/or 17β-estradiol on sensitivity to insulin action that took
place during pregnancy. Ovariectomized rats were treated with
different doses of progesterone and/or 17β-estradiol in order to
simulate the plasma levels in normal pregnancy rats. A hyper-
insulinemic–euglycemic clamp was used to measure insulin 
sensitivity. The results suggested that the absence of female
steroid hormones leads to decreased insulin sensitivity. Thus, the
rise in insulin sensitivity during early pregnancy, when plasma
concentrations of 17β-estradiol and progesterone are low could
be due to 17β-estradiol. However, during late pregnancy, when
both plasma concentrations of 17β-estradiol and progesterone
are high, the role of 17β-estradiol may serve to antagonize the
effect of progesterone, diminishing insulin sensitivity.23

Cortisol
Cortisol levels increase as pregnancy advances and by the end
of pregnancy concentrations are threefold higher than in the
non-pregnant state.24 Rizza et al.,25 in a clamp study, demon-
strated that under infusion of high amounts of cortisol,
hepatic glucose production increased and insulin sensitivity
decreased. Findings in a skeletal muscle model showed that an
excess of glucocorticoid is characterized by decreased total
tyrosine phosphorylation of the insulin receptor; therefore, it
seems logical that glucocorticoid-induced insulin resistance is
related to a postreceptor mechanism. In a study by Ahmed and
Shalayel,26 30 pregnant women with GDM and 30 pregnant
women with impaired glucose tolerance (IGT) were compared
with 30 pregnant women with normal glucose tolerance. The
GDM and IGT groups were found to have significantly higher
levels of serum cortisol than the control group.

Prolactin
During pregnancy, maternal prolactin levels increase 7- to 
10-fold. Gustafson et al.27 reported that the basal insulin 
concentration and post-challenge glucose and insulin
responses were greater in women with hyperprolactinemia
than in healthy controls. These findings were supported by
studies showing that the culture of pancreatic islet cells with
prolactin induces an increase in insulin secretion.28 Skouby 
et al.29 investigated the relationship between the deterioration
in glucose tolerance and plasma prolactin levels in patients with
normal and diabetic pregnancies. Oral glucose tolerance tests
(OGTT) were performed in late pregnancy and postpartum.
In late pregnancy, the GDM group had significantly elevated
fasting glucose levels compared to the controls and, after 
glucose challenge, their insulin responses were significantly
diminished and the suppression of glucagon less pronounced.
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These differences in glucose metabolism were markedly
reduced in the early post-partum period. There was no differ-
ence in basal prolactin concentrations between the two groups
at either time point. The prolactin levels were also not altered
during the OGTT tolerance tests, and there was no correlation
between the deterioration in glucose tolerance and the 
prolactin concentrations in either group. Thus, abnormal 
prolactin levels are not of pathophysiologic importance in the
development of GDM.

Human placental lactogen
Human placental lactogen (hPL) levels rise at the beginning of
the second trimester, causing a decrease in phosphorylation of
insulin receptor substrate (IRS)-1 and profound insulin 
resistance.20 Beck and Daughday30 demonstrated that overnight
infusion of hPL results in abnormal glucose tolerance, and
increased insulin and glucose concentration in response to an
oral glucose challenge. Accordingly, Brelje et al.31 found that in
islet cell culture, hPL directly stimulates insulin secretion. This
may indicate that hPL directly regulates islet cell function and is
probably the principal hormone responsible for the increase in
islet function observed during normal pregnancy.31

Leptin
Leptin is a 16 kDa protein encoded by the ob/ob (obesity) 
gene secreted by adipocyte tissue. It can modulate energy
expenditure by direct action on the hypothalamus. Fasting
insulin and leptin concentrations correlate closely with body
fat, making leptin a good marker of obesity and insulin 
resistance. As receptors to leptin are found in skeletal muscle,
the liver, the pancreas, adipocyte tissue, the uterus and the 
placenta, it may be responsible for both peripheral and central
insulin resistance. Reductions in leptin concentrations are
caused by weight loss, fasting, and starvation; leptin concen-
trations are increased with weight gain and hyperinsulinemia.

In animal models, using hyperinsulinemic–euglycemic
clamp studies, infusion of leptin was found to increase the 
glucose infusion rate.32 Leptin levels are significantly higher in
pregnancy than in the non-pregnant state, especially during the
second and third trimesters33–35 and this change in circulating
leptin concentrations are generally consistent with changes in
maternal fat stores and glucose metabolism. Results of studies
by Laivuori et al.36 suggest that pregnancy-associated increases
in maternal plasma leptin may result from an up regulation of
adipocyte leptin synthesis in the presence of increasing insulin
resistance and hyperinsulinemia in the latter half of pregnancy.
Investigators have also shown that leptin directly affects whole
body insulin sensitivity by regulating the efficiency of insulin-
mediated glucose metabolism by skeletal muscle37 and by
hepatic regulation of gluconeogenesis.38 Leptin may also wield
an acute inhibitory effecton insulin secretion.39 Yamashita et al.40

suggested that an alteration in leptin action might play a role 
in GDM and fetal overgrowth weight gain. They found 
that pregnant mice treated with leptin had markedly lower 
glucose levels than controls during glucose and insulin chal-
lenge tests. However, despite the reduced energy intake and
improved glucose tolerance, fetal overgrowth was not reduced.

Results provide evidence that leptin administration during late
gestation can reduce adiposity and improve glucose tolerance in
the model of spontaneous GDM. These data suggest that alter-
ations in placental leptin levels may contribute to the regulation
of fetal growth independently of maternal glucose levels.

Kautzky-Willer et al.41 measured plasma concentrations of
leptin and beta-cell hormones during fasting and after an oral
glucose load (OGTT of 75 g) in pregnant women with GDM
and normal glucose tolerance at 28 weeks gestation, and in
women who were not pregnant. Plasma leptin was higher in
the women with GDM than in the women with normal 
glucose tolerance, and higher in both these groups than in the
non-pregnant controls. No change in plasma leptin concen-
trations was induced by OGTT in any group. Basal insulin
release was higher in women with GDM than in the women
with normal glucose tolerance. The authors concluded that
women with GDM and no change in plasma leptin on oral
glucose loading have increased plasma leptin concentrations
during and after pregnancy. Vitoratos et al.42 investigated the
changes in leptin levels and the relationship between leptin
substance and insulin and glucose in pregnant women with
GDM. Plasma leptin levels were measured in peripheral vein
blood samples from healthy and diabetic women at 29 and 
33 weeks gestation. Results showed a correlation of plasma
leptin levels with fasting plasma insulin levels and plasma 
glucose levels measured 1 h after oral administration of 50 g 
of glucose. Serum leptin levels were significantly higher in the
women with GDM than in the women with uncomplicated
pregnancies. The GDM group also showed a significant,
positive correlation of serum leptin levels with glycosylated
hemoglobin levels, fasting serum insulin levels and plasma
glucose levels measured 1 h after administration of 50 g of
glucose. Thus, levels of leptin are elevated in women with
GDM, and leptin metabolism depends on insulin levels and
the severity of the diabetes. Wiznitzer et al.43 reported that
umbilical cord leptin concentration was an independent risk
factor for fetal macrosomia in non-diabetic pregnant women.

Other factors affecting gestational
diabetes mellitus
Tumor necrosis factor-alfa
Tumor necrosis factor-alfa (TNF-α) has been implicated in the
pathogenesis of insulin resistance in Type 2 diabetes mellitus,
but only limited data are available with regard to GDM.
Coughlan et al.44 investigated the effect of exogenous glucose
on the release of TNF-α from placental and adipose tissue
obtained from normal and diabetic pregnant women. They
found significantly greater TNF-α release under conditions of
high glucose concentrations in the GDM group. As TNF-α has
been implicated in the regulation of glucose and lipid metab-
olism, and in insulin resistance, these data are consistent with
the hypothesis that TNF-α is involved in the pathogenesis
and/or progression of GDM.

Catalano et al.45 reported that changes in insulin sensitivity
from early to late pregnancy correlated with a gradual increase
in TNF-α levels, which in turn correlated with the percentage
change in body weight.
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Adrenomedullin
Adrenomedullin is a newly discovered hypotensive peptide
involved in the insulin regulatory system and it may play a rule
in modifying diabetes in pregnancy. Di Iorio et al.46 studied its
correlation to GDM. Adrenomedullin concentrations were
measured in maternal and fetal plasma, and in amniotic fluid
in diabetic and non-diabetic pregnancies. Overall amniotic
fluid concentration was higher in the pregnant diabetic
women (Type 1 or GDM) but there was no between group 
difference in maternal and fetal plasma levels. These findings
suggest that placental adrenomedullin production is up-
regulated in diabetic pregnancy and that it may be important
to prevent excessive vasoconstriction of placental vessels.

Adiponectin
Adiponectin is an adipose tissue hormone, which is a specific
plasma protein that is secreted by adipocytes. It may facilitate
the regulation of the glucose and lipid metabolism.
Adiponectin decreases the hepatic glucose production and
insulin resistance by up-regulating fatty acid oxidation.47

Adiponectin also suppresses the secretion of TNF-α by adipose
tissue, a factor that is known to contribute to insulin resistance.48

Studies have shown that adiponectin serum levels were
decreased in obese subjects49 and patients with Type 2 diabetes.50

In studies with rhesus monkeys, adiponectin plasma levels
were significantly decreased with the progression of obesity
and insulin resistance.51 In all probability, adiponectin
increases insulin sensitivity by enhancing the beta oxidation of
free fatty acids and by decreasing the intracellular concentra-
tions of triglycerides.52,53 In patients with Type 2 diabetes, who
have the same risk factors for GDM, i.e. obesity, maternal age,
ethnic origin, and family history, lower serum levels of
adiponectin were detected. In mice, the intravenous adminis-
tration of adiponectin was associated with loss of weight and
reduced plasma concentrations of fatty acids;54 the proportion
of total body fat mass was correlated negatively with
adiponectin serum levels.55 The data suggests that low plasma
adiponectin concentration during even early pregnancy may
be associated with subsequent development of GDM.56–58

Levels of adiponectin have been assessed in fetal cord at 
delivery.58 A cord blood adiponectin level was extremely high
in comparison to serum levels in children and adults and was
positively correlated to fetal birth weights. No correlation was
found between cord adiponectin levels and maternal body
mass index, cord leptin, or insulin levels. Cord adiponectin
levels were significantly higher compared with maternal levels
at birth and no correlation was found between cord and
maternal adiponectin levels. There were no significant 
differences between adiponectin levels at birth and 4 days
postpartum. These findings indicate that adiponectin in cord
blood is derived from fetal and not from placental or maternal
tissues. The high adiponectin levels in newborns compared
with adults may be the result of deficient negative feedback on
adiponectin production stemming from lack of adipocyte
hypertrophy, low percentage of body fat, or a different 
distribution of fat storage in newborns. Adiponectin may
emerge as a significant factor in carbohydrate-fat metabolism

and in the development of insulin resistance during pregnancy.
Data suggests that there are decreased adiponectin levels in
women with GDM compared with healthy control subjects.
This finding supports the concept of a common pathogenesis
between Type 2 diabetes and GDM. Although adiponectin
level appears to rise throughout pregnancy, its contribution to
gestation remains unclear.

Pancreatic beta-cell function in
normal pregnancy and gestational
diabetes mellitus
Insulin is the main hormone controlling blood glucose 
concentration. Most commonly, assessment of beta-cell 
function is made by measuring the fasting insulin concentra-
tion or the response to glucose infusion. Fasting plasma
insulin increases gradually during pregnancy – by the third
trimester levels are 2-fold higher than before pregnancy.
Patients with GDM have fasting insulin levels equal to or
higher than those of women with non-diabetic pregnancies,
with the highest levels occurring in obese women with GDM.

During normal pregnancy, oral and intravenous glucose
tolerance deteriorates only slightly, despite the reduction in
insulin sensitivity.13 The main mechanism responsible for that
phenomenon is a gradual increase in insulin secretion by the
beta cells. Kual12 reported a hyperbolic relationship between
insulin sensitivity and beta-cell responsiveness to glucose in
both pregnant and non-pregnant women, pointing to a role
for the beta cells in pathological states such as GDM and
demonstrating the magnitude of the change in insulin 
secretion that is necessary to maintain glucose tolerance. The
mechanism responsible for increase insulin secretion during
pregnancy is not well understood. A major contributing factor
is the increase in the beta-cell mass, a combination of hyper-
plasia and hypertrophy.59 The increased beta-cell mass can
contribute to the increased fasting insulin concentration
despite normal or lowered fasting glucose concentrations in
late pregnancy, and the enhanced insulin response to glucose
during pregnancy (2- to 3-fold above non-pregnant levels).

In GDM, the early insulin response to OGTT (15–30 min
after glucose ingestion) is reduced compared to non-diabetic
pregnant control women, suggesting a defect in the beta-cell
response.60 First-phase beta-cell responses to glucose infusion
in GDM patients is also been reported to be reduced. GDM
tends to milder in women with a normal beta-cell response
and they are at relatively low risk for developing diabetes.61

Genetics, immunology and
gestational diabetes mellitus
Some GDM patients manifest evidence for autoimmunity
towards beta cells (insulin autoantibodies and anti-islet cell
antibodies); however, the prevalence of such autoimmunity
has been reported to be extremely low (< 10%).62,63 Mutations
in the glucokinase gene occur in no more than 5% of GDM
patients.64 The inheritance of GDM was studied in a group 
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of 100 women with previous GDM.65 The women were 
reinvestigated 11 years postpartum and 60% were found to
have either IGT or Type 2 diabetes. An investigation of their
parents showed that a substantial proportion had neither
parent affected with IGT or Type 2 diabetes, which suggests 
a polygenic inheritance or environmental influence rather
autosomal dominance inheritance with high penetration rates.
In addition, animal studies have shown that prenatal exposure
to a diabetic intrauterine milieu increases the risk of GDM.

Harder et al.66 reported that the prevalence of Type 2 diabetes
was significantly greater in mothers than in fathers of women
with GDM, and there was also significant aggregation of Type
2 diabetes in the maternal–grandmaternal line compared 
to the paternal–grandpaternal line. Therefore, that may 
suggest that a history of Type 2 diabetes on the mother’s side
might be considered as a particular risk factor for GDM.

The possible genetic background of GDM remains unclear.
In particular, its association with human leukocyte antigen
(HLA) class II polymorphism has been poorly studied and the
results are conflicting. In attempt to clarify these discrepancies,
Vambergue et al.67 reported that the distribution of HLA class II
polymorphism was not significantly different between GDM
and IGT samples, and there was no significant variation in
DRB1*03 and DRB1*04 allele frequencies. These data provide
further evidence that Type 1 or insulin-dependent diabetes
mellitus (IDDM) HLA class II susceptibility alleles cannot
serve as genetic markers for susceptibility to glucose intolerance
during pregnancy.

Ober et al.68 studied the restriction fragment length 
polymorphisms near ‘candidate diabetogenic genes’ in order
to identify molecular markers for GDM genes. Genotypes for
the insulin hypervariable region (HVR), insulin-like growth
factor II (IGF2), insulin receptor (IR), and glucose transporter
(GLUT1) were studied in GDM and control subjects. The
results supported the hypothesis that GDM has heterogeneous
phenotypic and genotypic features, and that the risk for GDM
in black and Caucasian subjects is not related to obesity per se
but to interactions between obesity and IR alleles. In Caucasian
women, IR and IGF2 alleles interact to confer an additional
risk for GDM. Thus, in some women, genes responsible for
susceptibility to GDM may be similar to the genes conferring
risk of Type 2 diabetes, whereas in others, novel genes may
contribute to GDM.

Insulin signaling system in normal
pregnancy and in gestational 
diabetes mellitus
The action of insulin is triggered when it binds to the insulin
receptor (IR). The IR belongs to the IGF receptor (IGFR)
family, which possesses an intrinsic tyrosine kinase (TK) activity.
The receptor is composed of two alfa subunits, each linked to
a beta subunit and to each other by disulfide bonds; only the
beta subunit has enzymatic TK activity. When insulin binds 
to the receptor, the conformational change activates the 
beta-subunit and autophosphorylation begins. Thus, activation
of the TK enzyme leads to increased tyrosine phosphorylation

of cellular substrates. IRS-1, a cytosolic protein, binds to the
phosphorylated intracellular substrates, thereby transmitting
the insulin signal downstream. The distribution of the IRS
proteins tends to be tissue specific: IRS-2 is more copious in
the liver and pancreas, whereas both IRS-1 and IRS-2 are
widely expressed in skeletal muscle. Insulin stimulates the
activation and binding of the lipid kinase enzyme, phos-
phatidylinositol (PI)-3-kinase, and its binding to IRS-1.
The formation of PI is essential for insulin action on glucose
transport. Knockout of the IRS-1 gene causes only a moderate
increase in insulin resistance due to increased insulin secre-
tion, but not overt diabetes. In women with GDM, the skeletal
muscle contains lower levels of IRS-1 protein and significantly
less insulin-stimulated IRS-1 tyrosine phosphorylation, while
levels of the IRS-2 protein are increased. These findings 
suggest that the insulin resistance of GDM may be exerted
through a decrease in the insulin resistance cascade at the level
of the IRS proteins. The increased IRS-2 level may be a 
compensation for the reduced IRS-1 level.69 Glucose uptake by
cells is mediated by a family of membrane proteins,
GLUT1–GLUT4, which have a significant sequence similarity.
GLUT4 is the main insulin-sensitive glucose transport,
expressed uniquely in skeletal and cardiac muscles and adi-
pose tissue. Garvey et al.70 reported that in rectus abdominis
taken from lean and obese women with GDM, GLUT4 content
was similar. In GDM, GLUT4 gene expression is normal in
skeletal muscles. To the extent that these muscles are represen-
tative of the total muscle mass, insulin resistance in skeletal
muscle may involve impaired GLUT4 function or transloca-
tion, but not its depletion, as observed in adipose tissue.
Garvey et al.71 demonstrated that the insulin-stimulated glu-
cose transport in adipocyte tissue was reduced by 60% at term
in women with GDM compared to non-diabetic pregnant
women. Moreover, the GLUT4 content in adipocytes was pro-
foundly depleted in 50% of the GDM group. The whole group
exhibited a novel abnormality in GLUT4 subcellular distribu-
tion; accumulation of GLUT4 in membranes co- fractionating
with plasma membranes and high-density microsomes in
basal cells, and absence of translocation in response to insulin.
These data suggest that abnormalities in cellular traffic or tar-
geting relegate GLUT4 to a membrane compartment from
which insulin cannot recruit transporters to the cell surface.
This has important implications for skeletal muscle insulin
resistance in GDM. The membrane protein plasma cell mem-
brane glycoprotein-1 (PC-1) has been identified as an
inhibitor of insulin receptor TK (IRTK) activity. Shao et al.69

investigated IR function and PC-1 levels in muscle from three
groups of obese subjects: women with GDM, pregnant women
with normal glucose tolerance and non-pregnant control 
subjects. No significant differences were found in basal IR
tyrosine phosphorylation or IRTK activity among the three
groups. After maximal insulin stimulation, IRTK activity
increased in all subjects, but was lower in women with GDM
by 25 and 39% compared with pregnant and non-pregnant
control subjects, respectively. Similarly, IR tyrosine phospho-
rylation was significantly decreased in the subjects with GDM
compared to the other two groups. Treatment of the IR with
alkaline phosphatase to dephosphorylate serine/threonine
residues significantly increased insulin-stimulated IRTK activity
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in the pregnant control and GDM subjects, but the rates were
still lower than in the non-pregnant controls. PC-1 content in
muscle from GDM subjects was increased by 63% compared
with pregnant control subjects and by 206% compared with
non-pregnant control subjects. PC-1 content was negatively
correlated with IR phosphorylation and IRTK. Increased PC-1
content in the pregnant control and GDM groups suggests an
excessive phosphorylation of serine/threonine residues in
muscle IR, both of which may contribute to the pregnancy-
associated decrease in IRTK activity. In GDM, changes wors-
ened, even when controlling for obesity. These post-receptor
defects in insulin signaling may contribute to the pathogenesis
of GDM and the increased risk for Type 2 diabetes later in life.

Receptor autophosphorylation has also been reported to be
impaired in GDM subjects, a finding consistent with their
increased insulin resistance.70 In addition, overexpression of
membrane plasma cell differentiation factor-1 (i.e. PC-1) may
play a role in developing insulin resistance by inhibiting the
TK activity of the IR.71 In GDM patients, PC-1 levels were sig-
nificantly higher in skeletal muscle compared to non-diabetic
pregnant women.72

Summary
GDM is carbohydrate intolerance resulting in hyperglycemia
of variable severity with onset or first recognition during
pregnancy. The incidence of GDM is 0.15–15%, and it corre-
sponds to the prevalence of Type 2 diabetes and IGT within 
a given population. The predominant pathogenic factor in
GDM could be inadequate insulin secretion. It has been 
convincingly demonstrated that GDM occurs as a result of a
combination of insulin resistance and decreased insulin 
secretion. The similar frequencies of HLA-DR2, -DR3 and -DR4
antigens in healthy pregnant women and women with GDM,

and the low prevalence of markers for autoimmune destruc-
tion of the beta cells in GDM, rule out the possibility that
GDM has an autoimmune origin. Pregnancy is associated
with profound hormonal changes that have a direct effect on
carbohydrate tolerance. In early pregnancy, both progesterone
and estrogen levels rise, but their action on insulin is counter-
balanced, as progesterone causes insulin resistance and estro-
gen is protective. In the second trimester, hPL, cortisol and
prolactin levels all rise, causing decreased phosphorylation of
IRS-1 and profound insulin resistance. In most subjects, pan-
creatic insulin secretion rise to meet this need, but in those
with underlying beta-cell defects, hyperglycemia ensues. In
women with GDM, the insulin resistance of pregnancy is
exaggerated, especially if fasting hyperglycemia is present, and
is related to additional defective tyrosine phosphorylation of
the insulin receptor beta-subunit. Recent research suggests
that the postreceptor mechanisms that contribute to insulin
resistance of pregnancy are multifactorial, but are exerted at
the beta-subunit of the IR and at the level of IRS-1. The resist-
ance to insulin-mediated glucose transport appears to be
greater in skeletal muscle from GDM subjects than from preg-
nancy alone. There is also a modest but significant decrease in
the maximal IR tyrosine phosphorylation in muscle from
obese GDM subjects. Results also suggest that increased IR
serine/threonine phosphorylation and PC-1 could underlie
the insulin resistance of pregnancy and contribute to the
pathogenesis of GDM.

Whether additional defects are exerted further downstream
from IRS-1 remains to be investigated. GDM is a predictor of
diabetes (mainly Type 2) later in life. The cumulative 
incidence of Type 2 diabetes is 50% at 5 years. GDM is also 
a predictor, or even an early manifestation, of the metabolic
(insulin resistance) syndrome. GDM is a cardiovascular risk
factor and affected patients should be screened to prevent late
complications.
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Maternal and paternal factors
associated with fetal growth
The problem of maternal diabetes and the increased population
risk of obesity is becoming a greater problem not only in the
developed areas of the world but also in developing countries
with large populations and high birth rates. Because the
increased risk of diabetes and obesity is now becoming mani-
fest in adolescents and even children as young as 2–5 years,1

the concept of in utero fetal programming assumes even more
importance. Fetal programming is the effect of the in utero
environment on events which have a permanent effect the
organism’s physiology or metabolism. In this chapter we will
review normal fetal growth, fetal growth in infants of women
with diabetes and fetal growth in infants of obese women.

Based on the studies of Hytten, greater than two-thirds of
fetal growth occurs in the third trimester, with the fetus
increasing weight from approximately 1000 to 3400 g.2 Multiple
factors contribute to the variability in fetal growth. These
include ethnic, geographic and socio-economic factors. In the
early 1960s the WHO reported that birthweight in various
Indian populations was affected by socio-economic status,
with neonates of women in lower socio-economic classes
having smaller offspring than their more affluent counterparts.3

Relative to geographic issues, high altitude has long been 
recognized as a factor resulting in decreasing birthweights as
compared with those infants born at sea level; the decrease in
oxygen tension at higher altitudes being the most ready expla-
nation for the decreased birthweight.4 Lastly, differences in
various ethnic groups accounts for much of the variation in
birthweight with Asian and African women having lighter
babies in comparison with their Caucasian counterparts.4

Within the aforementioned parameters, however, the
maternal environment during pregnancy has profound affects
on in utero fetal growth. There is a strong correlation between
maternal height and weight and fetal growth. In general, the
taller and heavier a woman is prior to conception, the more
her infant will weigh at birth.5 These correlations are more
robust in nulliparous as compared with multiparous women.6

Similarly, there are also significant increases in birthweight
related to maternal weight gain during gestation.6 The interac-
tion of maternal pregravid weight and weight gain on fetal
growth are interesting relative to the underlying physiology 

of fetal growth. Based on the studies of Abrams and Laros,7

lean or underweight women will need to have a significant
increase in weight gain in pregnancy in order to have a nor-
mally grown fetus. In contrast, the overweight and/or obese
women will more likely have a larger baby, even with little or
no weight gain. Maternal parity also has an affect on fetal
growth. Increasing parity results in an increase of approxi-
mately 100 g with each successive pregnancy.8 The effect
appears to plateau after the fifth pregnancy. This may be
related to increased maternal weight retention after successive
pregnancies but does not appear to be related to maternal age,
once adjusted for other co-variables.

The issue of maternal nutrition and fetal growth has been
addressed in many animal studies, mostly addressing the issue
of fetal programming in growth restricted models, although
more recent work has focused on the problem of maternal
obesity and obesogenic diets. In the human, the studies of
Barker have addressed the issue of fetal programming in the
human intrauterine growth restricted (IUGR) model.9 The
Barker hypothesis notes that poor nutrition in utero leads to
fetal adaptations that produce permanent changes in insulin
and glucose metabolism. For example, intra-uterine growth
restriction followed by increased availability of food and/or
decreased activity result in dysregulation such as the meta-
bolic syndrome.10 Lucas et al., however, suggested that

size in early life is related to health outcomes only after
adjustment for current size, it is probably the change in 
size between these points rather than fetal biology that is
implicated.11

For example, in the Early Bird Study12 300 British children
were followed longitudinally. Insulin resistance was the same
in children who had high birthweight and remained at an 
elevated birthweight centile through age 5 years, compared
with those who had a lower birthweight but attained a similar
centile at age 5. In fact, the IUGR model for the fetal program-
ming hypothesis is more robust relative to aspects of the 
metabolic syndrome such as hypertension rather than 
obesity.13 Unfortunately, the human studies addressing the
issue of maternal under nutrition in pregnancy mostly relate
to starvation conditions during wartime. The best docu-
mented of these are the Dutch famine studies of 1944–1945.14
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Starvation conditions had specific dates of onset and, with 
liberation, specific dates on the relief of starvation conditions.
Nutritional developments in early pregnancy followed by
increased access to food in later pregnancy results in babies
being heavier at birth as compared with babies born either
before or after the famine. This may represent in utero catch-up
growth. In contrast, if the famine occurred during late 
gestation, the babies weighed less and were thinner at birth,
with no change in length. Nutritional supplementation can
improve birthweight. Based on the Guatemalan studies, the
type of supplementation, i.e. protein or carbohydrate, may not
make a difference in the increase in birthweight, assuming
minimal protein requirements are achieved.15

Relative to maternal factors, paternal anthropometric 
factors have limited impact on fetal growth. Morton reported
that half siblings of with the mother as the common parent,
the correlation of birthweight between the half siblings was 
r = 0.58. In contrast, the correlation of birthweights between
half siblings where the father was the common parent was
only r = 0.19.16 Animal cross-breeding studies support these
findings. Walton and Hammond cross-bred Shetland ponies
with shire horses. The size of the foals was approximately 
the same size as the foals of the maternal pure breed.17 Thus,
maternal regulation was more important in determining
intrauterine growth than paternal factors. Lastly, Klebanoff
using a Danish population registry, reported that paternal
birthweight, adult height and weight together explained
approximately 3% of the variance in birthweight, compared
with 9% for the corresponding maternal factors.18 In sum-
mary maternal factors, most importantly maternal pregravid
weight has the strongest correlation with birthweight.

Genetic factors associated with 
fetal growth
Approximately 25% of fetal growth is presumed related to
genetic factors. The most obvious example is that the average
male newborn weighs 150 g more at birth in comparison 
with females, adjusted for any potential covariables. In 1998,
Hattersley et al.19 reported on the various phenotypic permu-
tations associated with the single gene mutations in the 
glucokinase gene (Figure 11.1). Glucokinase phosphorylates
glucose to glucose-6-phosphate in the pancreas and liver.
A heterozygous glucokinase mutation results in hyper-
glycemia, usually with a mildly elevated fasting glucose and
abnormal oral glucose tolerance test. This is due to both 
a defect in the sensing of glucose by the beta cell, resulting in
decreased insulin release, and to a lesser degree from reduced
hepatic glycogen synthesis. If the heterozygous mutation is
present in the fetus, then the altered glucose sensing by the
fetal pancreas will result in a decrease in insulin secretion.
Because in the fetus insulin is a primary stimulus for growth,
any defect in fetal insulin secretion will result in decreased
fetal growth and possible growth restriction. Hence, depend-
ing on the mother, fetus or both have this gene defect in the
glucokinase gene, the phenotype of the infant can vary from
IUGR, through normal fetal growth and on to macrosomia.

In contrast, genetic imprinting may result in the offspring
having the phenotype of an infant of a GDM mother, but the
mother has normal glucose tolerance. Genetic imprinting is
defined as the expression of either a maternal or paternal 
gene, the parent of origin of which determines the expression
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Figure 11.1 The glucokinse (GK) mutations: variation in fetal growth. If the heterozygous GK mutation in the mother and not 
the fetus (A), then the fetus is at risk for being macrosomic based on excess maternal nutrient availability (B) If only the fetus has
the GK mutation, then the fetus is at risk for being intrauterine growth restricted (IUGR) because of the altered glucose sensing 
by the fetal pancreas, with resultant decreased fetal insulin secretion. (C) If the mother and the fetus either both have or do not
have the GK mutation, then there is decreased risk of the fetus being macrosomic or IUGR. (Adapted from Hattersley et al.19)

9780415426206-Ch11  11/29/07  2:32 PM  Page 80



of a single allele of a gene. An example of genetic imprinting
which results in the offspring having the phenotype of a GDM
mother is the Beckwith–Wiedemann syndrome.20 At birth
these infants present with macrosomia, defined as an average
birthweight of 4 kg with increased subcutaneous tissue and
muscle mass. Other findings include neonatal polycythemia
and hypoglycemia. The hypoglycemia may be related to
increased IGF-2 expression, resulting in neonatal hyperinsu-
linemia. The most common situation is when the maternal copy
of the gene (11p15.5) is inactivated. The only active copy of the
gene is then the paternal copy. Hence, at birth the infant with
Beckwith–Wiedemann syndrome may have the phenotype of
an infant of a GDM mother based on macrosomia, hypo-
glycemia and polycythemia, whereas the mother may have com-
pletely normal glucose tolerance. The interaction of genes and
the environment then have the potential to produce a myriad of
phenotypes in the infant of the GDM mother, though fetal
macrosomia still represents the most common phenotype.

Birthweight criteria for normal 
fetal growth
The criteria for normal fetal growth are population specific,
based on issues reviewed earlier. Therefore most reports
describe fetal growth in relationship to population percentiles,
most usually less than 10th centile as SGA or small for gesta-
tional age, 10th to 90th centile as AGA or appropriate or 
average for gestational age and LGA for large for gestational
age, i.e. birthweight greater than the 90th centile. These may be 
further delineated for gender and race. IUGR usually implies
a neonate that is SGA and in addition has evidence of
decreased intrauterine growth such as an increased head to
abdominal ratio (asymmetric IUGR) or physiologically hypo-
glycemia at birth. At the other end of the birthweight spec-
trum, infants are often classified as macrosomic or overgrown
if fetal weight is greater than 4000 g, although some define
macrosomic if birthweight is greater than 4500 g. However, it
has become apparent in the last 10 years that these criteria
used to classify birthweight are not stable but rather represent
a moving target.

In Canada and the United States there has been a significant
decrease in term SGA neonates (11–27%) and increase in term
LGA infants (5–24%) from 1985 to 1998. This increase has
been observed in both Caucasians and African–Americans.21

In Denmark, there has been a significant (16.7 to 20%)
increase in macrosomic neonates defined as birthweight
greater than 4000 g during the period from 1990 through
1999.22 Similarly, in Sweden there has been a 23% increase in
LGA newborns during the same period of time.23 In our own
population we have observed a mean 116 g increase in term
birthweight from 1975 through 2004.24 This increase in birth-
weight was observed not just at the 90th and 95th centiles but 
at the 5th and 10th centiles as well. Thus the increase in birth-
weight represents an entire population shift, not just an
increase at the upper end of the birthweight scale. Although
there were significant changes in the ethnic distribution of our
population, the increase in birthweight over time remained
once adjusted for as significant covariables. Lastly, when we

performed a step-wise regression analysis, the 9.1 kg 
(20 pounds) increase in maternal weight we observed in our
population at term from 1987 through 2004 had the strongest
correlation with the observed increased birthweight.24

Body composition in the assessment
of fetal growth
In an effort to improve our understanding of fetal growth we
have elected to concentrate our studies on measures of body
composition, i.e. fat and fat-free or lean body mass. The
rationale for this approach stems as far back as 1923 from the
work of Moulton, who described that the variability in weight
within mammalian species was accounted for more by the fat
mass rather than fat-free or lean body mass.25 This concept
was again examined by Sparks assessing body composition
among 169 stillbirths. He described a relatively comparable
accretion26 of lean body mass in SGA, AGA and LGA fetuses,
but considerable variation in the amounts of adipose tissue.
The amount of fat in the SGA fetus was significantly less than
the AGA fetus, which was less than that observed in the LGA
fetus. Furthermore, relative to body composition, the human
neonate is vastly different in comparison with other mam-
malian species. The term human fetus has the greatest percent
body fat at birth (approximately 12–14%) in comparison with
other common animal research models. For example, rodents
have only approximately 1–3% body fat at birth. For these 
reasons, we have elected to assess fetal growth in our research
protocols using measures of neonatal body composition.
The methodologies we have employed in our studies include
anthropometric, stable isotope and total body electrical 
conductivity (TOBEC). These methods have been described
previously.27–29

The utility of using body composition in understanding
fetal growth is exemplified by a previous study by our group
evaluating the proportion of the variance in birthweight
explained by body composition analysis of neonates, i.e. fat
and fat-free mass. The mean birthweight of the population was
3553 ± 462 g and the mean percent body fat was 13.7 ± 4.2%.
Fat free mass, which accounted for ~86% of mean birthweight
accounted for 83% of the variance in birthweight. In contrast,
body fat which accounted for only ~14% of birthweight,
explained 46% of the variance in birthweight.30 Measures of
body composition can also help explain some of the variations
in birthweight observed in a normal non-diabetic population.
For example, it is well recognized that at term male neonates
weigh on the average 150 g more than females. Based on stud-
ies by our group and others, male infants have greater fat-free
mass but similar fat mass as compared with females.31

Therefore although the percent body fat of females is greater
than that of males, this is secondary to the decrease in fat-free
mass rather than an increase in female fat mass. It is also well
recognized that infants of women who smoke during preg-
nancy have neonates that are lighter (approximately 200 g) as
compared to women who do not smoke and are at increased
risk for being SGA. Lindsay et al. showed that the infants of
women who smoked during pregnancy had significantly less
fat-free mass (2799 ± 292 vs. 2965 ± 359 g, P = 0.02) but not
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fat mass (343 ± 164 vs. 387 ± 216 g, P = 0.32). The decrease in
fat-free mass was most apparent in the length on the long
bones in the distal arms and legs.32 In summary, neonatal
body composition measures at term can assist in explaining
some of the variation in birthweight observed in a normal
population and provide a rationale for possible mechanisms.

Infants of women with gestational
diabetes
There is an increased risk of fetal overgrowth or macrosomia
in the infant of the women with gestational diabetes (GDM).
The percentage of infants of women with GDM who fall
within the normal birthweight centiles is often used as 
a positive outcome measure of glucose control and obstetrical
management. We have recently published a series of studies
comparing the body composition analysis of infants of
women with normal glucose tolerance (NGT) and GDM
within 48 hours of birth Table 11.1.33 Although there was no
significant difference in birthweight or fat-free mass between

the groups, there was a significant increase in fat mass and
percent body fat in the infants of the GDM mothers. The
TOBEC body composition analyses were confirmed by the
anthropometric/skinfold measures. These data were adjusted
for potential confounding variables such as parity and gesta-
tional age without any significant change in results.

We further analyzed the data after stratification of the
group into birthweight subsets, AGA33 and LGA.34 In Table 11.2,
there are no significant differences in birthweights between
the AGA infants of the GDM and NGT groups. However, there
was again a significant increase in fat mass, percent body fat
and skinfold measures in the infants of the GDM mothers as
compared with the NGT. Interestingly, the fat-free mass in the
infants of the GDM mothers was significantly less compared
to the infants in the NGT group. The similar results were
obtained when we limited the analysis to only LGA neonates
(Table 11.3).34 This relative increase in fat mass but not body
weight may have obstetrical implications, such as the
increased incidence of shoulder dystocia in GDM as compared
with NGT neonates at similar birthweight categories. Based on
these results, we conclude that birthweight alone may not be
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Table 11.1 Neonatal body composition and anthropometrics in infants of women with gestational diabetes (GDM)
and normal glucose tolerance (NGT)*

GDM (n == 195) NGT (n == 220) P-value

Weight (g) 3398 ± 550 3337 ± 549 0.26
Fat free mass (g) 2962 ± 405 2975 ± 408 0.74
Fat mass (g) 436 ± 206 362 ± 198 0.0002
Body fat (%) 12.4 ± 4.6 10.4 ± 4.6 0.0001
Tricep (mm) 4.7 ± 1.1 4.2 ± 1.0 0.0001
Subscapular (mm) 5.4 ± 1.4 4.6 ± 1.2 0.0001
Flank (mm) 4.2 ± 1.2 3.8 ± 1.0 0.0001
Thigh (mm) 6.0 ± 1.4 5.4 ± 1.5 0.0001
Abdomen (mm) 3.5 ± 0.9 3.0 ± 0.8 0.0001

*From Catalano et al.33

Table 11.2 Neonatal body composition and anthropometrics in average for gestational age (AGA) infants 
of women with gestational diabetes (GDM) and normal glucose tolerance (NGT)*

GDM (n == 132) NGT (n == 175) P-value

Weight (g) 3202 ± 357 3249 ± 372 0.27
Fat free mass (g) 2832 ± 286 2919 ± 287 0.008
Fat mass (g) 371 ± 163 329 ± 150 0.02
Body fat (%) 11.4 ± 4.6 9.9 ± 4.0 0.002
Tricep (mm) 4.5 ± 0.9 4.1 ± 0.8 0.0002
Subscapular (mm) 5.1 ± 1.1 4.5 ± 1.0 0.0001
Flank (mm) 4.0 ± 1.2 3.7 ± 0.8 0.007
Thigh (mm) 5.7 ± 1.2 5.2 ± 1.3 0.002
Abdomen (mm) 3.3 ± 0.9 3.0 ± 0.8 0.002

*From Catalano et al.33
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sensitive enough measure to recognize subtle difference in
fetal growth in infants of GDM mothers.

Because many women with GDM are overweight or obese,
we elected to perform a stepwise logistic regression analysis on
the 220 infants of NGT and 195 term infants of GDM mothers
previously described.35 The results are given in Table 11.4.
Not surprisingly, gestational age at term was the independent
variable with the strongest correlation with both birthweight
and fat-free mass. Maternal smoking had a negative correlation
with both birthweight and fat-free mass and paternal weight
had a weak correlation with only fat-free mass. In contrast,
maternal pregravid BMI had the strongest correlation with fat
mass (r2 = 0.066) and percent body fat (r2 = 0.072), therefore

explaining approximately 7% of the variance in both fat mass
and percent body fat. Although approximately 50% of the sub-
jects had GDM, only 2% of the variance (r2 = 0.016) in fat mass
in this population was explained by a mother having GDM.
Furthermore, Ehrenberg et al.36 reported that the risk of having
an LGA neonate was greatest for women with a history of dia-
betes (OR 4.4) when compared with maternal obesity (OR 1.6).
However, there was 4-fold greater number of LGA babies born
of obese women than women with diabetes because the relative
prevalence of overweight/obesity to diabetes was 47 and 5%,
respectively. Therefore, at least in our population, maternal obe-
sity and not diabetes appears to be the more important factor
contributing to the population’s increase in mean birthweight.
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Table 11.3 Neonatal body composition in large for gestational age (LGA) infants of women with gestational 
diabetes (GDM) and normal glucose tolerance (NGT)*

GDM (n == 50) NGT (n == 52) P-value

Weight (g) 4060 ± 380 4120 ± 351 0.13
Fat free mass (g) 3400 ± 312 3564 ± 310 0.0009
Fat mass (g) 662 ± 163 563 ± 206 0.02
Body fat (%) 16.2 ± 3.3 13.5 ± 4.5 0.002

* From Durnwald et al.34

Table 11.4 Stepwise regression analysis of factors relating to fetal growth and body composition in infants 
of women with gestational diabetes (n = 195) and normal glucose tolerance (n = 220)

Factor r2 ∆r2 P

Birthweight
EGA 0.114 –
Pregravid weight 0.162 0.048
Weight gain 0.210 0.048
Smoking (−) 0.227 0.017
Parity 0.239 0.012 0.0001

Lean body mass
EGA 0.122 –
Smoking (−) 0.153 0.031
Pregravid weight 0.179 0.026
Weight gain 0.212 0.033
Parity 0.225 0.013
Maternal height 0.241 0.016
Paternal weight 0.250 0.009 0.0001

Fat Mass
Pregravid BMI 0.066 –
EGA 0.136 0.070
Weight gain 0.171 0.035
Group (GDM) 0.187 0.016 0.0001

%Body Fat
Pregravid BMI 0.072 –
EGA 0.116 0.044
Weight gain 0.147 0.031
Group (GDM) 0.166 0.019 0.0001

Pregravid maternal obesity has the strongest correlation with neonatal measures of fat mass/% body fat in contrast to lean body mass.35
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Infants of overweight and 
obese women
If infants of women with GDM have increased body fat rather
than fat-free mass, what then is the difference if any in body
composition between pregravid overweight/obese women as
compared with lean or average weight women? Sewell et al.
evaluated 76 singleton neonates of overweight/obese women
and 144 neonates of lean/average women again using anthro-
pometric and TOBEC measures of body composition.37 None
of these women had GDM. There were no significant differ-
ences in gestational age between the groups. Additionally,
there were no significant differences in maternal age, parity,
use of tobacco or obstetrical or maternal medical problems
between the groups. However, 14% of the infants of
the overweight/obese mothers had macrosomic infants 
(birthweight > 4 kg) as compared with only 5% in the
neonates of the lean/average weight women (P < 0.04), while
weight gain in the overweight/obese group was actually less
(13.8 ± 7.5 vs. 15.2 ± 5.3 kg, P < 0.001) than in the lean/
average weight women. The differences in neonatal body 
composition are depicted in Table 11.5. As was observed in the
infants of GDM women, the infants of the overweight/
obese women were significantly heavier because of an increase
in fat mass (406 ± 221 vs. 331 ± 179 g, P = 0.008) and not 
fat-free mass (3023 ± 410 vs. 2951 ± 406 g, P = 0.22). In this
study weight gain in overweight/obese women (BMI = 25) had
the strongest correlation % body fat (r2 = 0.13, P = 002),
whereas weight gain was not significantly related to fat mass in
the lean/average weight women. In summary, the increased
birthweight observed in infants of obese women is similar to
that observed in infants of women with GDM, i.e. an increase
in fat mass rather than fat-free mass.

Since there is an independent affect of maternal pregravid
weight and GDM on birthweight, Langer et al. reported that in

women with pregravid obesity and well controlled GDM on
diet alone, the odds of fetal macrosomia, defined as 
birthweight greater than 4000 g, was significantly increased
(OR 2.12) as compared with those in women having a normal
BMI. Similar results were found in lean and obese women
with GDM, which was poorly controlled on diet or insulin.
In contrast, well controlled GDM, whether lean or obese,
as long as there managed with diet plus insulin, there was no
significant increased risk of macrosomia with increasing 
pregravid BMI.38 Hence, only in a well-controlled GDM
patient on diet plus insulin was there no difference in the rate
of fetal macrosomia in obese as compared to lean women. The
effect of insulin on metabolites other than glucose may
explain these observations.

Summary
There is a great variability in fetal growth in the human, based
on both genetic and environmental factors. Although we
cannot control our genes (with the possible exception of
epigenetic phenomena), we may be able to affect fetal growth
through alterations in the maternal environment. Based on
these data, the maternal pregravid environment or factors in
very early gestation may result in alterations in growth that
have long term implications i.e. fetal programming. Much as
the prevention of congenital anomalies in women with
pregestational diabetes can be improved by tight glucose 
control prior to conception, so too may the more subtle effects
of fuel mediated teratogenesis on fetal growth (as described by
Freinkel),39 be improved by preconceptual issues related to
diet and weight regulation. Therefore a better understanding
of the underlying genetic predispositions, physiology and
mechanisms relating to maternal and feto-placental interac-
tions as they relate to fetal growth are necessary.
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Table 11.5 Neonatal body composition and anthropometric measures of the lean/average and overweight/
obese study groups*

Variable Pregravid BMI < 25 kg/m2 group Pregravid BMI >25 kg/m2 group P-value

Birthweight (g) 3284 ± 534 3436 ± 567 0.051
Body composition (TOBEC)

LBM (g) 2951 ± 406 3023 ± 410 0.22
Fat mass (g) 331 ± 179 406 ± 221 0.008
Body fat (%) 9.6 ± 4.3 11 ± 4.7 0.006 

Skin folds (mm) 
Triceps 4.0 ± 0.9 4.4 ± 1.0 0.009
Subscapular 4.4 ± 1.2 4.9 ± 1.2 0.003
Flank 3.6 ± 0.9 4.0 ± 1.2 0.005 
Thigh 5.2 ± 1.5 5.7 ± 1.4 0.058 
Abdomen 2.9 ± 0.8 3.1 ± 1.0 0.099 

*From Sewell et al.37
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Introduction
It would be expected that pregnancy in many of the animal
models of Type 1 or Type 2 diabetes would result in a typical
overt diabetes or gestational diabetes mellitus (GDM).
However, although this is true in cytotoxin-induced diabetes it
is not in most genetically predetermined diabetes in animals.
The leprdb mice, leprfa rats and KK mice are infertile, and 
heterozygote siblings are used to obtain the homozygote 
individuals. Most studies of diabetes in pregnancy in animals
have therefore been performed in cytotoxin-treated animals,
predominantly rodents.

Streptozotocin-induced diabetes
Streptozotocin (STZ)-induced diabetes results from either
intravenous or intraperitoneal (i.p.) injection of the toxin.
Alloxan is also an effective diabetogenic agent but is now
rarely used in pregnant animals. The mode of action of STZ
and typical observations on the resulting diabetic derange-
ments in various animal species have been extensively
described in several reviews.1–5 A wide range of animals may
be used to elicit diabetes in pregnancy by STZ, including 
rabbits, pigs, sheep, and subhuman primates.6–9

However, the preferred and most often used experimental
models are rodents because of their convenient maintenance,
short length of pregnancy, multiparity (enabling studies on
multiple fetuses and generations), and lack of special prob-
lems in termination of pregnancy and fetus recovery. The need
for animal models for research of pathophysiology of diabetic
pregnancy, a goal not fully attainable by study of human 
subjects, was underscored by Baird and Aerts.10 Useful infor-
mation on various animals suitable for perinatal metabolic
research has been contributed by Susa.11

There is a marked difference in the effect of diabetes on the
maternal, fetal and placental histopathology and metabolism
depending on STZ dosage and time of injection. Rodents 
rendered diabetic before conception manifest hyperglycemia
and hypoinsulinemia during organogenesis. As a result, they
experience a high degree of fetal resorption and a high per-
centage of malformed fetuses.12–16 Injection of STZ into rats in
midgestation between days 5 and 14 of gestation, produces

diabetes with a low percentage of fetal malformations, and
provides the opportunity to follow the metabolic changes
induced by maternal diabetes and to study those effects on the
placenta and fetus.17,18

STZ injected into the mother does not affect the fetal 
pancreas. Although STZ crosses the placenta, its maternal
half-life is of the order of minutes and the amount reaching
the fetal circulation does not damage fetal beta cells, as inves-
tigated in rhesus monkeys.19 Injection of STZ into rodents in
the post-organogenesis phase, but before full pancreas 
development, also does not affect the function of the fetal
pancreas, except of beta-cell degranulation secondary to the
prevalent hyperglycemia.

Diabetes characteristics in pregnant 
STZ-induced diabetic rats
STZ-induced diabetes should serve mainly as a model for
pregestational diabetes since the hyperglycemia and metabolic
derangements are the result of beta-cell destruction, whereas
GDM is characterized by insulin resistance and compensatory
hyperinsulinemia with possible secondary lesion to beta cells
as a result of the strain of oversecretion. Even moderate doses
of STZ, which result in mild hyperglycemia, do not represent
GDM, since the result is a limited insulin deficiency due to 
a reduced beta-cell mass.

Glucose and glycogen metabolism in 
STZ-induced diabetes
The decreased glucose uptake by muscles, the reduction in
glucose transporter activity and concentration, and the
increased hepatic glucose production in diabetes are well 
documented and discernible early. The hyperglycemia of dia-
betes is also a concentration-dependent factor causing
increased deposition of glycogen in both rodent and human
placentas (Figure 12.1).20,21 It is remarkable that glycogen
accumulation in the placenta occurs despite the maternal
insulin deficiency, while the glycogen content in the typical
insulin-sensitive maternal tissues (e.g. adipose tissue, muscle
and liver) becomes reduced. Fetal liver glycogen content is
increased most probably in response to the fetal hyper-
glycemia and consequent hyperinsulinemia. The responses 
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of maternal insulin-sensitive tissues in insulinopenic diabetes
are well known, entailing glycogen breakdown as regulated by
the reciprocal activities of the enzymes glycogen synthase and
glycogen phosphorylase. However, in the placenta these
enzymes are not sensitive to insulin and the deposition of
glycogen is positively correlated with the abundance of glucose.

This is accompanied by an increase in the intracellular 
concentration of glucose-6-phosphate,22 a potent activator of
the phosphorylated (inactive) form of glycogen synthase. Such
a mechanism was shown to operate not only in diabetes but in
normal pregnant animals rendered hyperglycemic by glucose
infusion.23 Thus, the placenta exhibits a mode of regulation of
glycogen metabolism similar to other insulin-insensitive 
tissues, such as kidneys or intestine, which also accumulate
glycogen in insulin-deficient diabetes in response to the 
augmented hyperglycemic gradient across the cells.24–27

Lipid metabolism and transport in STZ-induced 
diabetic rats
Hypoinsulinemic diabetes is known to result in fat release
from adipose tissues, due to the weakened restraint of triglyc-
eride (TG) lipolysis. In non-pregnant animals, this leads to
increased hepatic fat oxidation and ketogenesis. However, in
pregnant animals, additional tissues take up free fatty acids
(FFA) released by lipolysis, namely the placenta and fetus. In
STZ diabetic rats, a significant correlation was found between
maternal levels of TG, placental TG and fetal TG, all of which
were markedly elevated (Figure 12.2).18 There was also a
marked increase in TG and FFA in the fetal circulation. Fetal
weight does not increase, probably due to the short duration
of diabetic pregnancy insufficient for appreciable intrafetal 
fat accretion and also due to rather severe diabetes in these
experiments.18 In another report on diabetes in pigs, fetal 
obesity was observed.28 Based on the pattern of distribution of
the injected 14C-fatty acid and 3H2O radioactivity, it was
shown that the increment in fetal TG in STZ-induced diabetes
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Figure 12.2 Relationship between the elevated triglyceride (TG) concentration in rat maternal circulation and the TG content in
placentae and fetuses towards the end of gestation. Regression lines for placentae: y = −1.1 + 0.9x; r = 0.88; for fetuses: y = −0.5 + 2.1x;
r = 0.74. Each point is a mean of TG values in five placentae and five fetuses from each of the 52 litters. (Reproduced from Shafrir
and Khassis.18)

Figure 12.1 Glycogen content in the placenta and in
maternal and fetal liver of control and streptozotocin (STZ)-
induced diabetic rats on day 20 of gestation. Values are means
of determinations in 20–26 rats at the mean level of plasma
glucose of 6.0 and 24.5 mmol/L in control and diabetic rats,
respectively. The insulinopenic STZ-induced diabetes caused 
a marked decrease in maternal hepatic glycogen content,
whereas the placental glycogen content rose about 5-fold. Fetal
liver glycogen also increased, but this was associated with
intrafetal hyperinsulinemia. (Data adapted from Barash et al.22)
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is derived from the transfer of maternal TG and FFA rather
than from increased de novo intrafetal lipogenesis.18 The 
passage of lipids across the placenta involves an initial uptake
of FFA and very-low-density-lipoprotein (VLDL)-borne TG
from the circulation. The latter are lipolysed in the process of
uptake in proximity to the tissue. The uptake of FFA does not
represent a direct transfer to the fetus but a sequential process
of intermediate re-esterification to TG and phospholipids
within the placental cells, with subsequent lipolysis by an
intracellular lipase and release to the fetal side.29 The presence
in the placenta of lipoprotein lipase-like activity was inferred
from the change in the FFA:glycerol ratio during TG uptake
(Table 12.1). In the face of an augmented maternal–fetal 
gradient of FFA and TG, there is an increased flow associated
with a substantial amount of intracellular FFA. Thus, the
transplacental passage in diabetes may also involve a diffusion
of FFA along the membrane lipids of interfacial capillaries.29

The increased maternal–fetal transport of fat in STZ-
induced diabetes was also demonstrated by an altered distri-
bution of polyunsaturated fatty acids in maternal, placental,
and fetal tissues near the time of delivery. These fatty acids
must be of nutritional origin and therefore derived from the
maternal circulation. A pronounced (60%) increase in the 
relative content of linoleate was recorded in the placental and
fetal carcass TG, and as much as about 200% in the fetal liver.30

This suggests that after placental transfer, the fetal liver is the
primary recipient of fatty acid excess from the diabetic
mother, but the fetal liver TG are then redistributed to other
fetal tissues through the hepatic synthesis of VLDL.

Results similar to those in rodents have been obtained in
diabetic pigs. Induction of diabetes in Yorkshire gilts during
the third trimester of gestation resulted in a 2-fold increase in
the carcass fat content in the progeny compared with controls
injected with either saline or insulin31 indicating a direct
incorporation of maternal fatty acids into fetal adipocytes.
Diabetes decreased the maternal lipogenesis while increasing
the de novo fetal fat synthesis in pigs.32
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Table 12.1 Free fatty acid:glycerol ratio change during
triglyceride (TG) uptake by the placenta and transfer 
to the fetus

VLDL or tissue Ratio

Injected VLDL* 1.23
Placenta 4.22
Fetal liver 5.43
Fetal carcass 5.88

*VLDL, very-low-density liproprotein. Doubly-labeled VLDL were
prepared by the injection of 14C-palmitate and 3H-glycerol into rats
followed by exsanguinations 20 min later and separation of the
VLDL by ultracentrifugation. The isolated VLDL were injected into
non-diabetic or STZ-induced diabetic rats (10 mg VLDL TG rat) on
day 20 of gestation, and the 3H:14C ratio was measured after 2 h in the
placenta, fetal liver and fetal carcass after extraction of lipids in chlo-
roform:methanol 2:1. (Unpublished data of Shafrir, Barash, and Levy.)

Enzymes of metabolic pathways in diabetic 
pregnant animals
STZ-induced and Type 1 diabetes have, in general, far-reaching
effects on the synthesis and activity of numerous rate-limiting
enzymes in the pathways of carbohydrate, lipid and protein
metabolism in both human and animal tissues. These
enzymes respond to hormone alterations, which include
insulin, glucocorticoids, triiodothyronine, and pregnancy-
related hormones such as estrogen and progesterone. This
involves both activity responses to changes in concentrations
of metabolic effectors as well as translational or transcrip-
tional influences at the DNA or mRNA level. To mention but
a few, the regulatory enzymes of carbohydrate metabolism,
glucokinase, hexokinase, pyruvate kinase, pyruvate dehydro-
genase and glucose-6-phosphate dehydrogenase are severely
reduced in the liver or adipose tissue, whereas those regulating
gluconeogenesis, PEPCK and glucose-6-phosphatase, increase
in activity and concentration. Similarly, lipogenic enzymes,
e.g. acetyl coenzyme A (acetyl CoA) carboxylase, are markedly
reduced in diabetes, both in concentration and in activity,
whereas those responsible for TG lipolysis and FFA oxidation
are enhanced. These changes have also been documented in
pregnant diabetic animals, as exemplified in the STZ-induced
diabetic rats17 or alloxan-induced diabetic pigs.32

The placenta is an exception to these activity changes.
The placental enzymes are constitutive, almost devoid of
capacity to adapt in activity to diabetes or other hormonal and
pathophysiological changes in the maternal organism.17,33

Treatment of pregnant rats with different hormones or 
protracted fasting, which has a pronounced effect the activity
of maternal hepatic and adipose tissue enzymes, is without
appreciable effect on most placental enzymes in the rat33,34

or rabbit.35 Fetal liver enzymes do respond, although to a lesser
extent than those in the maternal liver.17,36 These observations
suggest that, by maintaining the constancy of enzymatic func-
tion, the placenta confers metabolic stability to the fetus, thus
shielding the fetus from hormonally induced fluctuations on
the maternal side, and attenuating the possible variations in the
metabolite flow and substrate availability to the fetus.

Embryopathy in STZ-induced diabetic animals
One of the numerous problems confronted in overt diabetic
pregnancy is fetal wastage together with a large percentage of
congenital malformations, mainly in neural tissues and skeleton
development. Cytotoxin-induced diabetic rodents are therefore
preferred models for the study of fetal malformations. As men-
tioned before, a correlation exists between hyperglycemia in
the organogenesis phase and the extent of malformations in
the offspring of diabetic rodents.16,37 Since hyperglycemia is
the main culprit, apart from the study of malformations 
in vivo, normal or STZ-induced diabetic animals are often
used as a source of embryos for in vitro studies after removal
at various stages of gestation.37–39

As elegantly demonstrated by Strieleman et al.40 and 
Hod et al.,41,42 myoinositol is vital in preventing malformations.
In cultured rat fetuses the teratogenicity of 400 mg/dL glucose
was evident by a decrease in the concentration of inositol
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phosphates and in reduced DNA synthesis. The extent of
neural and extraneural malformations rose about 10-fold.
Addition of scylloinositol (a non-metabolizable isomer of
inositol preventing its intracellular transport), at normal 
glucose concentrations, produced a decrease in cellular
myoinositol and inositol phosphates, impaired growth with
dysmorphogenesis, and malformations similar in extent 
to high glucose concentrations. Hod et al.41,42 found that
sorbinil (an inhibitor of aldose reductase) was ineffective in
preventing malformations in cultured fetuses which amounted
to > 50 versus 4% at normal glucose concentrations; however,
the addition of 1.5 mg/mL of exogenous inositol substantially
reduced the malformations.

Extensive investigations of the glucotoxicity of advanced
glycation endproducts (AGE) and of the detrimental effect of
oxidative radicals were performed by Erickson and associates,
and are described in Chapter 24. It is worth emphasizing here
that many of these studies were performed in cytotoxin-
induced diabetic models or fetuses cultured in diabetic milleu.
Zaken et al.43 and Ornoy et al.44 cultured 10.5-day-old normal
fetuses in ‘diabetic’ serum containing 200 mg/dL glucose,
200 mg/dL β-hydroxybutyrate and 1 mg/dL acetoacetate.
As determined by cyclic voltametry, a marked drop in 
natural, protective antioxidative components was noted, along
with depletion of vitamins E and C. The malformations 
could, in large measure, be prevented by raising the antioxi-
dant defences, using superoxide dismutase and resupplying
vitamins E and C.

The particular contribution of the oxidative stress in the
diabetic milieu is not only due to AGE but to the plethora of
reducing equivalents emanating from high glucose metabolism.

The inflow of reduced nicotinamide adenine dinucleotide
(NADH) to mitochondria is not only from the Krebs cycle
metabolizing significant loads of glycolysis-derived products
but also from the aldose reductase pathway. The mitochondrial
electron transport system is overloaded, particularly at 
the flavin adenine dinucleotide (FAD)-dependent oxidase
(flavoprotein) step, which results in extrusion of the reactive
oxygen species as illustrated in Figure 12.3.

Neonatally STZ-administered rats (nSTZ)
Among the syndromes resembling mild Type 2 diabetes as 
a consequence of reduced beta-cell mass are rats which
received neonatal STZ injection (nSTZ), either at the time of
birth45,46 or 2 days after birth.46,47 It should be stressed, however,
that these animals, although non-obese, do not represent a true
Type 2 diabetes, but rather a model of limited insulin deficiency
with little, if any, peripheral or hepatic insulin resistance.

The i.p. or intravenous injection of 90–100 mg/kg STZ into
neonatal rats causes about 90% destruction of pancreatic beta
cells with hyperglycemia that peaks 3–5 days thereafter. This
acute diabetes is transient. Beta cells at the neonatal stage are
endowed with a remarkable regeneration capacity, although
up to 30% of mortality is also occurring. After 3–5 weeks, fast-
ing plasma glucose and insulin levels return to normal, even
though the regenerated cells are not completely normal and
impairment in insulin secretion persists, as seen in the
response to a glucose load. The inferior performance of the
regenerated cells is further exposed by subjecting the young
animals to stress. By 8 weeks and thereafter blood glucose 
is 150–180 mg/dL with impaired glucose tolerance (IGT) 
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Figure 12.3 Sources of reduced nicotinamide adenine dinucleotide (NADH) flowing into the mitochondria, the Krebs
tricarboxylic acid cycle and NADH derived from aldose reductase initiated dehydrogenation of glucose and the NAD-dependent
conversion of sorbitol to fructose. In hyperglycemia, the flow of reducing equivalents is considerably increased, overloading the
mitochondrial electron transport chain. The accumulation of reducing equivalents at the stage of flavin adenine dinucleotide (FAD)
oxidase results in the production of reactive oxygen species with a detrimental effect on multiple feto-placental systems.
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and a 50% decrease in pancreatic insulin content with mild
hypoinsulinemia. As reviewed by Portha et al.,48 the incompe-
tence of the regenerated beta cells may be due to a reduced
GLUT2 content limiting glucose entry and metabolism, and a
decreased glucokinase affinity to glucose. More probably there
is a reduced mitochondrial oxidation capacity of glucose-
derived products, which is evident since leucine oxidation and
insulinotropic action is similar to normal, i.e. acetyl CoA from
leucine is metabolized without impediment. It has been 
suggested that the affected site is the FAD glycerol phosphate
shuttle slowing the flow of reducing equivalence into the
mitochondria. The activity of K+ adenosine triphosphate
(ATP) channels, the rate-limiting step in insulin secretion,
may be also affected. The polarization of these channels allows
Ca2+ entry into the cell, triggering the insulin secretion.
However, no defect in K+ ATP channels has been detected but
their function may be slowed due to ATP deficiency.

One form of stress that exposes the latent diabetes in nSTZ
rats is pregnancy. The basal plasma glucose concentration is
elevated, both during the pregnancy and postpartum, and
plasma insulin levels are reduced compared with those of
normal pregnant rats. IGT was explicit during the response to
a glucose load and persisted for 2 months postpartum.
As demonstrated by Triadou et al.,49 the secretion defect is
particularly evident in the significantly decreased plasma
insulin:glucose ratio during the pregnancy and postpartum
(Table 12.2). Insufficient information is available on the preg-
nancy and malformations in the nSTZ model, and should be
extensively explored because of the implication that the
reduced or incompetent beta-cell mass may be an aggravating
factor to human GDM. Complications in various tissues of the
nSTZ rats have been reviewed by Schaffer and Mozaffari.50

It is of interest to mention the results of nSTZ injection
into spontaneously hypertensive SHR rats. These insulin-
resistant rats, which are used as a model of human essential
hypertension, are prone to develop hypertensive cerebrocar-
diovascular disease with aging.51 Diabetes was induced by 
i.p. injection of 75 mg STZ 2 days after birth and the animals
were mated with untreated male SHR rats at 4–5 months of age.

Hyperglycemia of 20 mmol/L was evident during the preg-
nancy, with an elevated systolic blood pressure (213 vs. 192
mmHg) and albuminuria. The progeny was microsomic.
nSTZ treatment of SHR rats decreased the lifespan of male
offspring from about 18 to 15 months and raised the systolic
blood pressure in correlation with their birthweight.52,53

Such a model may be useful for the study of combined 
hypertension and diabetes.

Progeny of STZ-induced diabetic animals
With regard to the progeny of diabetic animals as models of
insulin-deficient diabetes, it should be recalled that the
intrauterine metabolic fuel milieu is untoward for the fetus.
Fetal pancreatic beta cells are vulnerable to hyperglycemia and
to changes in other metabolites. The inflicted injury persists
after birth, resulting in mild, insulin-deficient diabetes and is
propagated into successive generations.54 STZ-induced 
diabetes was produced either by a low (30 mg/kg) or high 
(50 mg/kg) dose of STZ on day 1 of gestation, and created
mild or severe maternal diabetes, respectively, resulting in a
reduction in the maternal betacell content.55,56 The character-
istics of mild and severe STZ maternal diabetes, and its effect
on the fetus, is shown in Table 12.3. Mildly diabetic mothers
are moderately hypoinsulinemic and hyperglycemic, whereas
severely diabetic mothers are insulin deficient, markedly
hyperglycemic and hyperlipidemic, with low body weights.

In the fetal pancreas, beta-cell granulation starts at day 17
of gestation in non-diabetic rats, with a pronounced expansion
in islet size, continuing up to the birth. In severely diabetic rats,
hypertrophy of islets with poor granulation is observed on day
20 of gestation. The degranulated beta cells in the islets are
evident but there is appearently no decrease in the beta-cell
number.56 The degranulation should be attributed to the 
secretory overtaxation of the newly organized endocrine 
pancreas, with granule depletion overtaking the usually rapid
regranulation. This is striking on the day of birth in severely
diabetic rats, showing, in addition to pronounced degranula-
tion, disorganization of the rough endoplasmic reticulum,
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Table 12.2 Pregnancy in normal and neonatal (nSTZ) streptozotocin injected rats

Plasma glucose Plasma insulin Insulin/glucose
Body weight (g) (mg/dL) (mU/L) at 0–90 min

Neonatally STZ-treated rats
Virgin 153 ± 3* 203 ± 5* 30 ± 3* 4 ± 1*
Pregnant (day 21) 281 ± 11* 128 ± 15* 52 ± 11 5 ± 1*
Postpartum (2 months) 265 ± 9 173 ± 5 47 ± 4 3 ± 1*
Normal rats
Virgin 174 ± 3 156 ± 6 51 ± 7 19 ± 2
Pregnant (day 21) 330 ± 13 83 ± 3 45 ± 7 29 ± 4
Postpartum (2 months) 272 ± 5 145 ± 3 54 ± 5 10 ± 1

*Significant difference from corresponding control at P < 0.05. Data are means ± SE; n = 7–9 rats/group. The nSTZ rats were mated at 3–4 months
and compared with control rats mated at 2.5–3 months. An i.v. glucose load (0.5 g/kg) was given during pregnancy and postpartum, and the inte-
grated insulin increment was related to the glucose increment. (Adapted from Triadou et al.50)
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swelling of mitochondria and glycogen deposits. Insulin stores
of the pancreas are correlated with morphological observations:
at birth, the fetal insulin content is very low, compared with
doubling of insulin stores in fetuses of non-diabetic rats at
birth. The response to secretagogues is also concordant with
the morphology and insulin content: fetal islets of mildly 
diabetic mothers are capable of response, whereas those of
severely diabetic mothers have a minimal response, indicating
a defective stimulus coupling.57,58 Newborns of severely 
diabetic mothers exhibit microsomia (even if they are born
about 1 day later than those of mildly diabetic mothers) in asso-
ciation with placentomegaly (Table 12.3). Newborns of mildly
diabetic mothers are macrosomic, with a postnatal period of
hypoglycemia followed by a mild hyperglycemia. At weaning
after 1 month, these pups return to fasting normoglycemia,
but they exhibit latent diabetes, as seen from the IGT with 
a low insulin:glucose ratio after a glucose load.

At about 3 months of age, the percentage of granulated
cells in pancreatic islets is normal in the progeny of both
mildly and severely diabetic mothers; however, the granules of
the offspring of the severely diabetic mothers are pale,54 sug-
gesting insulin depletion. Fasting plasma glucose and insulin
levels are normal, but even on slight stress, e.g. anesthesia,
glucose and insulin become elevated. At 8 months of age, the
situation worsens, basal hyperglycemia, IGT and resistance 
to insulin action increasing.59 Half-maximal suppression of
hepatic gluconeogenesis requires insulin concentration of
about 50% higher than in controls.

The important aspect of the first generation of female 
offspring of diabetic mothers is their metabolic–endocrine
reaction to pregnancy. They develop mild hyperglycemia and
IGT during gestation, and their fetuses grow again in hyper-
glycemic fuel milieu, ensuing in derangements similar to those
of the first generation fetuses. Islet hyperplasia and hypertro-
phy with beta-cell degranulation and hyperinsulinemia, with
loss of insulin stores, are perpetuated in the subsequent female
pregnant generations. The non-genetic consequence of the
abnormal metabolic milieu gives credence to the concept that
‘diabetes begets diabetes’ by imprinting of alterations in me-
tabolism in the fetus in utero, with a propensity to diabetes and

obesity in adult life.60,61 The hyperglycemia may effect DNA
mutagenesis of the reporter lacI transgene during embryonic
development. In a transgenic mouse a 2-fold increase in muta-
tion frequency of the IacI transgene was observed in fetuses
developing in a hyperglycemic milieu.62 This finding provides
evidence for genetoxicity of the diabetic environment, suggested
to be due to the effect of AGE, known for their mutagenicity.

It is worthy to note that similar changes in pancreatic 
function and characteristics of the offspring can be produced
in non-diabetic rats by continuous glucose infusion during
the last stage of pregnancy, strengthening the contention 
that the glycemia is mainly responsible for the persistent
transgenerational GDM.63,64 This was demonstrated by 
maintaining rats on protracted glucose infusion through
indwelling catheters during the last third of gestation. Female
offspring of the glucose-infused rats exhibited IGT when 
3 months old that persisted during their pregnancy. The new-
born second generation was hyperglycemic, hyperinsulinemic
and macrosomic, quite similar to the second generation of
rats born to STZ-induced diabetic mothers, and on adulthood
became glucose intolerant with defective insulin secretion.

Mild gestational diabetes mellitus
A model much sought after is that of mild GDM that reverts
to normal after delivery.65 An attempt to provide such a model
was made by transplanting STZ-induced diabetic female 
rats with isogeneic islets of Langerhans66 and mating them
with non-diabetic partners. The results were promising in that
the hyperglycemia in dams transplanted with 700–1000 islets
was moderate and no congenital anomalies were observed in
the offspring.

Fetal hyperinsulinemia as a cause of 
macrosomia in pregnancy
Diabetes produces major changes in the hormonal and 
metabolic homeostasis in pregnancy that has divergent effects
on maternal and feto-placental tissues. The hyperglycemia in
cytotoxin-induced diabetes was considered to cause maternal
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Table 12.3 Effect of severe and mild STZ diabetes on mothers and their progeny

Non-diabetic Mildly diabetic Severely diabetic

Fetal weight (g) 2.0 ± 0.02 2.1 ± 0.05* 1.9 ± 0.02*
Fetal plasma glucose (mg/dL) 54 ± 2 69 ± 3* 317 ± 27*
Fetal plasma insulin (mU/L) 87 ± 7 103 ± 8* 45 ± 4*
Placental weight (g) 460 ± 20 462 ± 23 560 ± 31*
Placental glycogen (mg/g) 1.7 ± 0.1 1.6 ± 0.1 5.8 ± 0.3*
Offspring weight at 100 days (g) 209 ± 5 205 ± 3 186 ± 6*
Fasting plasma glucose (mg/dL) 91 ± 2 91 ± 1 94 ± 3
Plasma glucose at day 20 of gestation (mg/dL) 80 ± 3 110 ± 5* 98 ± 4*
Granulated beta cells in islets (%) 66 ± 2 50 ± 3 56 ± 2*

*Significant difference from control values at P < 0.05 at least. Data are means ± SE; n = 19–34 rats/groups. (Adapted from Aerts et al.57 and
Bihoreau et al.58)
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tissue malfunction on the one hand and to induce the preco-
cious commencement of fetal insulin secretion on the other.
The profuse insulin secretion was assumed to promote fetal
overgrowth by the excess of glucose, amino acids and other
fuels.67 The fetuses of STZ-induced diabetic rats were shown
to have lower tissue DNA contents and DNA polymerase
activities than those of normal or mildly diabetic mothers,68

suggesting that the fetal tissue growth recedes as the severity 
of maternal diabetes increases. However, numerous observa-
tions underscore that the fetal macrosomia is insulin induced.
In mild diabetes it comprises obesity as an important element,
in addition to the selective organ overgrowth.

Fetal fat accretion may result from excessive de novo lipo-
genesis along with stimulated tissue growth during the fetal
hyperinsulinemia, or from the excess of maternal lipids enter-
ing the fetal circulation because of the steep concentration
gradient across the placenta in GDM (Figure 12.3). Fetal fat
increment caused by the accelerated maternal transfer is
dependent on maternal hypoinsulinemia or insulin resistance
and is abetted by the concomitant fetal hyperinsulinemmia.
Szabo and Szabo69 and Skryten et al.70 were among the first to
suggest that the diabetes-augmented lipid gradient across the
placenta contributes to fetal obesity. As mentioned above, in
more recent studies the extent of endogenous fatty acid syn-
thesis was measured by 3H incorporation, whereas the transfer
of maternal fat was monitored with a 14C-labeled fatty acid.18

In STZ-induced diabetic rats, the endogenous lipogenesis was
substantial but was not higher than that in non-diabetic 
pregnant controls. In contrast, there was a marked increment
in the 14C-labeled, maternally derived fat in placental and 
fetal tissues during the last third of gestation. Thus, both the
maternal contribution and the intrafetal fat synthesis appear
to contribute to the fetal macrosomia, particularly in mild
maternal diabetes, similar to the factors promoting adipose
tissue hypertrophy in human gestation.71

In rats, the effect of hyperinsulinemia on fetal growth has
been investigated by direct intrafetal insulin injection.
Rat fetuses receiving 5 U of long-acting insulin on day 18 of
gestation had their plasma insulin elevated for 24 h, with the
body mass of fetuses exceeding that of saline-injected 
controls. At birth, the weight of insulin-injected fetuses rose
significantly from 5.5 to 5.9 g.72 Fetal hyperinsulinemia
enhanced the hepatic and carcass fatty acid synthesis.73

Fetal hyperinsulinemia, achieved by transuteral injections of
insulin on day 19 of gestation, resulted in macrosomia at
birth, and in net increases in protein and mRNA synthesis in
the brain, heart and liver.74 However, one should be aware that
maternal, in contrast to fetal, hyperinsulinemia, produced by
implantation of insulin minipumps on day 14 of gestation,
produced the opposite result: i.e. it deprived the fetus of fuels,
retarded fetal growth and hepatic glycogen deposition, and
delayed the onset of hepatic gluconeogenesis in the newborn
by suppressing the PEPCK activity.75

Perhaps the most impressive demonstration of the induction
of macrosomia by direct intrafetal insulin infusion was made
by Susa and colleagues76–78 in pregnant rhesus monkeys.
Insulin infusion for 19 days during the last third of gestation
resulted in a 23% increase in fetal weight, accompanied by 
placentomegaly. Fetal organomegaly was selective, with heart
and spleen weights increasing significantly. Skeletal growth,
assessed by the crown–heel length and the head circumference,
remained unchanged, as did the lung, kidney, adrenal and
thymus weights (Table 12.4). The levels of insulin-like growth
factors I and II rose only in monkeys infused with a high dose
of insulin. Because the fetal overgrowth was so prominent,
even at moderate hyperinsulinemia, it was clear that insulin
was the predominant effector of macrosomia.

The activities of fetal hepatic enzymes concerned with 
glycolysis were not affected by the hyperinsulinemia; gluco-
neogenic enzymes were suppressed but lipogenic enzymes
became enhanced, indicating an increased de novo fetal fat
synthesis.78 Additional evidence that diabetic macrosomia
entails an enhanced cholesterol and lipoprotein metabolism
has recently been provided.79 Macrosomic pups of mildly
hyperglycemic STZ pregnant rats had elevated plasma 
low-density lipoprotein (LDL) and high-density lipoprotein
(HDL) cholesterol associated with increased lecithin–cholesterol
acyl transferase activity compared with normal birthweight
controls. There was no change in hepatic cholesterol content,
but hepatic HMG-CoA reductase and cholesterol 7α-
hydroxylase activities were higher in both macrosomic males
and females. By 3 months, macrosomic rats had developed
hypercholesterolemia with a rise in all lipoproteins. These
findings demonstrate that macrosomia throughout adulthood
is associated with accentuation of both cholesterol synthesis
and metabolism.
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Table 12.4 Chronic hyperinsulinemia in fetal rhesus monkeys

Weight (g)

Insulin infusion Plasma insulin (mU/L) Fetus Placenta Liver Kidney Heart

None 28 ± 12 372 ± 54 92 ± 12 11 ± 3 2.7 ± 0.5 2.3 ± 0.6
5 U/day 340 ± 208 459 ± 53* 125 ± 40 14 ± 2 3.0 ± 0.8 3.0 ± 0.7*
19 U/day 3625 ± 1700 474 ± 48* 142 ± 51* 17 ± 4 3.4 ± 0.9 3.7 ± 0.9*

*Significant difference between control and insulin-infused fetuses at P < 0.05. Insulin was infused for 20 days at day 145 of gestation. Data are
means ± SE. (Adapted from Susa et al.77)
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Pregnant animals with genetically
determined Type 1 diabetes and their
heterozygotes
BB rats
BB rats offer a good opportunity to study the interaction 
of genetics, autoimmunity, and environment in the outcome
of pregnancy. The attractive features of this spontaneously
diabetic animal occur at the c. 3 month long prediabetic period
prior to the onset of insulin dependency. Because the female
BB rat is fertile at c. 60 days of age, it is possible to achieve preg-
nancy in the prediabetic period and to study GDM in an
autoimmune animal. Brownscheidle and colleagues80,81 found
a high rate of perinatal mortality, and neural tube and skeletal
defects. Intensive treatment with insulin decreased perinatal
mortality and reduced the incidence of malformation from 
c. 40 to c. 10%, close to the rate in non-diabetic animals.
Verhaege et al.82 found a marked degranulation of beta cells in
the fetuses of diabetic BB rats, indicating pancreas overstimu-
lation in utero similar to that previously described in fetuses 
of STZ-induced diabetic rats. Baird et al.83 obtained a good
pregnancy outcome in their diabetic BB/E rats by individually
adjusting insulin dosage by monitoring weight and glucuria.
They found that insulin requirements during pregnancy 
doubled in comparison with those of non-pregnant diabetic
BB rats. There was no significant difference in the size of
litters produced by non-diabetic and diabetic treated animals,
but the number of pups weaned per litter was significantly
lower in diabetic animals and their growth rate fell off from 
15 days of age. Stopping the insulin treatment for any 2 days
between 2 and 9 days of gestation resulted in loss of maternal
weight and ketosis, higher rates of fetus resorption, lower fetal
and higher placental weights, and reduced skeletal maturity.84

Because BB rats represent a model for the study of perinatal
morbidity, microsomia and malformations, attention was
directed to early fetal growth processes. Embryo development
in BB rats depends on successful trophoblast invasion into the
uterine endometrium and protection of the conceptus, which
may be antigenic to the maternal immunocompetent cells.
Lea et al.85 measured trophoblast proliferation by 3H-thymidine
incorporation during incubation with 8.5 day decidual
extracts. Decidual supernatants from diabetes-resistant BB/E
rats or non-diabetic Wistar rats significantly reduced tro-
phoblast outgrowth relative to non-pregnant rats, as expected.

However, decidual supernatants from diabetic BB/E rats did
not inhibit the trophoblast cell growth. This finding suggests
that BB rat decidual cells secrete a profile of trophoblast reac-
tive factors different to those from non-diabetic rats, and that
this increase in the number of trophoblast cells may be related
to the subsequent fetal intrauterine growth retardation and
congenital malformations.

NOD mice
Among mildly diabetic NOD mice, offspring born before the
onset of ketonuria (between 26 and 52 weeks of age) tend to
be macrosomic, with a mean increase of 31% in body weight.
They show a selective nephromegaly and adiposity compared
with non-diabetic controls, but no cardiomegaly (Table 12.5).86

The macrosomic progeny have a highly elevated pancreatic
insulin content but smaller litter sizes. Presence of malforma-
tions and subsequent glucose intolerance should be investi-
gated in this model as well as in its heterozygotes.

In further studies with NOD mice, it was observed that the
maternal hyperglycemia may not be the only causative factor
of macrosomia.87 High parity and age are also associated 
with increased birthweights. Mild hyperglycemia plays 
a major role when age, maternal size, duration of gestation
and parity are controlled. Pregnant NOD mice that received
pancreas transplants from neonatal donors were demon-
strated to have lower plasma glucose and glycohemoglobin
levels, and their offspring had lower birthweights. Thus, the
increased maternal beta-cell mass effectively reduced the
macrosomia in the offspring of prediabetic NOD mice.88

Placental glucose transporters and hexokinase I were also inves-
tigated in diabetic NOD mice.89 The protein concentrations of
these glucose-uptake- and phosphorylation-determining 
entities were not down-regulated so as to protect the feto-
placental unit from the maternal hyperglycemia-induced
alterations, e.g. placental overgrowth and glycogen accumula-
tion, and fetal hyperglycemia and hyperinsulinemia.

Pregnant animals with genetically
determined Type 2-like diabetes
As mentioned before, animals with Type 2-like diabetic 
syndromes are generally infertile. This appears to be related 
to insulin resistance impairing the mediobasal hypothalamus–
pituitary system, resulting in decreased gonadotropin release.90,91
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Table 12.5 Macrosomia in the offspring of young, mildly diabetic NOD mice prior to the onset of insulin dependency

Maternal glucose Fetal Heart weight Kidney weight Pancreas insulin
(mg/dL) weight (g) (mg/g) (mg/g) (mg/g)

Control 145 ± 8 1.4 ± 0.1 12 ± 1.7 9.6 ± 1.3 0.7 ± 0.0
Mildly diabetic 187 ± 5* 1.8 ± 0.1* 9.0 ± 2.3 10.4 ± 2.3 1.3 ± 0.2*

Significant difference at P < 0.05 at least for 14–19 mice. (Adapted from Formby et al.87)
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Breeding of these animals in most cases involves mating 
heterozygotes, among whom GDM is often detected.

C57 BIKS leprdb+ heterozygotes
These mice are highly attractive for the study of GDM. Only 
a few experimental protocols have been carried out with these
animals,92 but the information gained suggests that they may
represent an excellent experimental approach. Heterozygous
leprdb+ mice have a significant glucose intolerance and elevated
glycohemoglobin levels during pregnancy, compared with
pregnant homozygous non-diabetic siblings. There was no
difference in litter size, whereas the mean weight of pups of
heterozygous mice was significantly higher, with 19% of them
> 95th percentile of the weight of pups from non-diabetic mice.
The GDM in leprdb+ was extensively reviewed by Shao and
Friedman.93 They found that leprdb+ mice do not develop any
diabetic symptoms in the non-pregnant state and have normal
body weights, and plasma glucose and fasting insulin levels are
similar to those in wild-type mice. During the early stages 
of pregnancy (days 1–15) there is no IGT, but from day 
16 > 98% of leprdb+ mice have significantly higher glucose
levels at 30 minutes and 1 h during i.p. glucose tolerance testing.
At the end of day 19 of pregnancy, fasting plasma glucose
levels are still in the normal range, despite IGT, and this 
finding is similar to most human GDM patients who may
manifest insulin secretion adequate to compensate for the
resistance. However, mice exhibit higher body weights and
plasma insulin levels, and fetal macrosomia. After delivery all
these parameters revert to normal.

The leprdb+ pregnant mice are extremely insulin resistant –
they almost do not respond to injected insulin with a reduc-
tion of plasma glucose (Figure 12.4). Leprdb+ mice consume
about 13% more food and gain more weight during preg-
nancy compared with their non-heterozygous siblings,

suggesting that the leptin receptor site is not fully recessive
with regard to fat mass, and that heterozygosity at the leptin
receptor may play a role in the susceptibility to environmental
conditions favoring obesity and insulin resistance. IGT present
despite significantly higher insulin levels, compared with
normal pregnant or non-pregnant leprdb+ mice, and despite
enhanced insulin synthesis and secretion in response to 
glucose, indicating insufficient compensation of hyper-
glycemia by insulin oversecretion. The wild-type pups from
leprdb+ mothers return to normal body weights as adults, but
+/+ female offspring in particular are more likely to become
obese on a high-fat diet compared with the wild-type off-
spring of normal mothers. GLUT4 activity and translocation
in GDM is reduced, but may be improved by transfection 
of the human GLUT4 gene.94 Glucose-stimulated insulin 
secretion is increased and insulin receptor and its substrate
(IRS)-1 activity reduced independent of food intake.

C57BL/6J mice
The non-obese, non-diabetic BL/6J mice, the genomic host 
of the ob/ob mutation, when placed on an affluent fat and
sucrose-rich diet become hypertensive and insulin resistant
with first-phase insulin release disappearing at 6 months 
of age.95–97 Abnormalities, characterized by increased outflow
from the sympathetic nervous system, deranged beta-cell func-
tion and adipocyte metabolism were found to be responsible for
the resultant IGT and insulin-resistance syndrome. No hyper-
phagia or elevation in corticosterone levels was seen. Thus,
inbred laboratory mice, without overt metabolic disturbance,
were shown to be susceptible to nutritionally induced diabetes
and obesity with marked hyperinsulinemia, hyperlipidemia and
polygenic vulnerabilities. The C57/BL/6J mice retain their fertil-
ity after developing diabetes and are a potential model of GDM.
Pregnancy produced significant hyperinsulinemia beyond the
diet alone in BL/6J but not in control A/J mice. There were dif-
ferences in the number and weight of pups per litter for either
strain or diet groups. There was no fetal loss on a regular diet
but a high rate of pup loss in the high-energy diet groups. There
was no hyperglycemia, which was most probably compensated
by hyperinsulinemia. Maternal mice returned to normal
weights and glucose tolerances after birth, and there was no
macrosomia in the progeny. These mice might be of interest for
the study of GDM and pup loss elicited by high-energy diets.

Goto–Kakizaki rats
Apart from animals with spontaneous alterations leading to
inappropriate hyperglycemia, a diabetic line was isolated by
repeated breeding of normal animals. The selection was of
individuals with minimal deviation from the mean response
to a glucose load. This emphasizes the polygenic basis of
diabetes within a ‘normal’ genetic mosaic. A GK diabetic line
was obtained by breeding Wistar rats for > 35 generations in
Japan, using a relative intolerance to a 2 g/kg glucose load as 
a selection index.98 The GK rats are non-obese and non-
hyperinsulinemic, their diabetes is inheritable but is stable
with age. Insulin resistance is present and decreased hepatic
insulin receptor numbers were noted with normal tyrosine
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Figure 12.4 Response to exogenous insulin in pregnant leprdb

mice compared with pregnant controls. At day 18 of gestation
the mice were fasted for 6 h and then injected i.p. with 
7.5 U/kg insulin. Glucose values are means + SE. 
*Significance P < 0.02 at least.
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kinase (TK) activity per receptor. During pregnancy at 
15–20 days gestation, GK rats had gained less weight than 
controls, though the number of fetuses in each litter was 
similar. The abortive fetal development averaged 40% com-
pared with 6% in controls. A particular finding was the low
number of ossification points in the lumbosacral spine, pelvic
girdle, and anterior and posterior limbs (Figure 12.5).99 These
anomalies were not related to lower plasma insulin levels
before or during the pregnancy and may be related to the
impaired vitamin D metabolism in the GK rats.100

Nutrition-induced diabetes
When animals are fed a high carbohydrate diet, consisting
mainly of fructose, they display features of Type 2 diabetes
within a short time. Fasting hyperglycemia, hyperinsulinemia
and hyper-lipidemia as well as insulin resistance develop.101–103

Some of these features can be ameliorated by supplementing
the diet with fish oil104 or by troglitazone as a food admixture.105

Although this has been known for a long time surprisingly
little use has been made of this model in pregnancy. One 
additional effect of the diet is the development of hyperten-
sion. This was also found in pregnancy106 suggesting 
that the fructose-induced diabetes may result in the develop-
ment of sustained hypertension during pregnancy via the 

insulin-resistance–hyperinsulinemia link. A similar model was
developed on a high sucrose diet107 but the effect of pregnancy
on its metabolism is pending.

Psammomys obesus
The Israeli ‘sand rat’, Psammomys obesus, a desert gerbil, uses 
a predominantly vegetarian diet in its natural habitat. It has
developed a high metabolic efficiency characteristic of a thrifty
metabolism. When these animals are domesticated and fed 
a laboratory rodent diet, which is hypercaloric relative to their
habitat staple, they develop hyperinsulinemia, hyperglycemia,
and insulin resistance and beta-cell loss.108,109 The latter is
caused by overexpression of protein kinase Cε.110,111 This
animal serves as an excellent model for nutritionally induced
Type 2 diabetes. When pregnant, Psammomys has similar
pregnancy rates, but reduced litter size as compared with their
counterparts kept on a low-energy diet.112 Pregnancy duration
is somewhat extended, but the offspring weighs less and had 
a shorter crown–rump length. In the postnatal period 
offspring neurodevelopment was delayed. After 4 weeks of life
they develop diabetes.111 This model may also be a valuable 
for studies into the effect of alterations in maternal lipid 
metabolism on malformations and fetal development.
Accumulation of lipids and diacylglycerol (DAG) in the muscle
has been noted in the insulin resistant Psammomys.110,111

DAG is the causative lipid eliciting PKC overexpression,
as illustrated in Figure 12.6. PKC phosphorylates serine
residues on several components of the insulin signaling path-
way inhibiting tyrosine phosphorylation and thus attenuating
the downstream insulin signaling.

The intramyocellular accumulation of lipids in skeletal
muscle is correlated with insulin resistance in human post
GDM subjects,113 indicating proneness to Type 2 diabetes. This
is most probably due to PKC overexpression and results in
reduced muscle glucose uptake by inducing insulin resistance.
Zierath et al.114 have shown that high-fat feeding impairs the
recruitment of GLUT4 and produces a defect in the function
of the phosphatidylinositol (PI)-3 kinase in muscle of leprdb+

mice with GDM. It was found that serine phosphorylation of
IRS-1 was associated with redistribution of PI-3 kinase to the
beta subunit of the insulin receptor. This was suggested to
result in the inhibition of the receptor tyrosine kinase activity
and in the increase of the PKC expression in pregnancy that
inhibits IRS serine phosphorylation. These data indicate that a
new in-depth approach is needed to assess the insulin resistance
in GDM at the molecular level of insulin signal transduction.

Conclusions
The choice of an animal model for the study of diabetes in
pregnancy depends very much on the particular pathophy-
siological alteration exhibited by the animal and its relation to
human diabetes, whether pre- or intragestational. It also
depends on the specific interest of the investigator. Because of
the complexity of human gestation and the variety of its com-
plications, more than one model may be necessary for explo-
ration, since the similarities between diabetic derangements in

Conclusions 95

Figure 12.5 Number of ossification points in fetus as from
Goto–Kakizaki (GK) rats (hatched bars) versus controls 
(open bars). Values are means + SE for 61 GK and 125 control
fetuses expressed as a percentage of the control value. 
(From Malaisse-Laege et al.99)
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certain animals and in the diabetic woman may be limited.
The endocrine–metabolic aberrations and the histopathological
lesions of diabetes in a given animal may either surpass or be
constrained in relation to those encountered in human diabetes.
Many new models, including a variety of mild and severe 
STZ-induced diabetes, are now available to fulfil the needs 
of this approach.

The use of STZ-generated diabetic pregnant animals was
predominant until recently. These models represent the condi-
tion of absent or limited endogenous insulin presence. The
proper approach to GDM is the use of models with normal or
excessive endogenous insulin to compensate, or attempt to
compensate, the salient insulin resistance of pregnancy. More
models of this kind are becoming available, either from a
genetic background or from nutritionally induced Type 2-like
diabetes (some of them are described in this chapter).
Investigators should increasingly turn to these models as well
as developing further models of this kind in order to unravel

the various complications of insulin-resistant GDM and the
associated macrosomia.

If malformations are of primary interest, one can use the
preconceptionally induced STZ-induced diabetic animals or
embryos cultured in a diabetic milieu, in which severe multiple
malformations and fetal wastage are encountered. If malfor-
mations accompanying mild diabetes are the target, than the
progeny of STZ-induced diabetic animals or neonatally STZ
injected newborns should be selected. The nSTZ animals and
the offspring of diabetic mothers are eminently suitable for 
the investigation of GDM with moderate insulin insufficiency.
Effects on the fetal pancreas, particularly those governing 
beta-cell replication, are good research targets in these models.
Much remains to be done on pancreas morphology and the
possibility of stimulation of beta-cell replication in vivo.

However, insulin resistance most probably represents 
the main cause of GDM, with limitation of secretion appear-
ing afterwards, unless there is a precondition affecting the 
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Table 12.6 Triglyceride (TG) levels in serum, liver and gastrocnemius muscle of control, mildly, and severely 
streptozotocin (STZ)-induced diabetic rats on day 20 of pregnancy

Serum glucose (mmol/L) Serum TG (mmol/L) Liver TG (mg/g) Muscle TG (mg/g)

Control 5.1 ± 0.3 2.4 ± 0.4 0.28 ± 0.3 0.040 ± 0.008
Mild diabetes 11.5 ± 0.7* 3.9 ± 0.6 0.45 ± 0.6* 0.084 ± 0.016†

Severe diabetes 22.8 ± 1.6† 7.1 ± 0.9† 0.83 ± 1.0† 0.133 ± 0.022†

*Significant difference between mild diabetic and control rats at P < 0.05 at least.
†Significant difference between mild and severe diabetic rats at P < 0.02 at least.
Values are means ± SE for 10 rats. (Unpublished data of E. Shafrir.)

Figure 12.6 Principles of insulin signaling pathway inhibition by overexpression of protein kinase C (PKC) isoenzymes. The PKC
activated serine phosphorylation affects the beta subunit of the insulin receptor (IR), the IR substrate (IRS), phosphatidylinositol 
(PI)-3 and PKB activities. The latter is responsible for activation of multiple metabolic systems. The mitogenic activity activated by
insulin through MAP kinase is not affected by PKC.
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efficiency of insulin secretion. Therefore, the emphasis should
be placed on factors causing insulin resistance and insulin sig-
naling malfunction in pregnancy, leading to macrosomia and
fetal obesity, including the increased fetal lipogenesis in this
condition. The heterozygote animals in a prediabetic stage
introduce new facets of etiology of GDM on a range of back-
grounds, spanning from pancreatic cell lability to peripheral
and hepatic insulin resistance. Both hormonal alterations
inducing insulin resistance in pregnancy and enhancing

muscle lipid deposition, which induces the accumulation of
diacylglycerol and activation of PKC, should be actively
explored together with possible effects on the insulin signaling
pathway in pregnancy.

Another aspect, which should not be omitted, is the
research possibly enabling the use of oral antidiabetic modal-
ities, e.g. metformin or thiazolidinediones, to increase insulin
sensitivity in pregnancy, counteracting hyperglycemia as the
main culprit of pregnancy complications.
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100

Autoimmune gestational diabetes 
as a clinical entity
Pregnancy represents a distinct immunologic state; the fetus
acts as an allograft to the mother, needing protection against
potential rejection.1,2 Humoral immunoreactivity does not
change much during pregnancy, with the exception of lowered
immunoglobulin G concentration at late phase, probably
explained by placental transport.3 Regarding cellular immunity,
reduction,4,5 elevation,6 and no variation7 in the number of
different lymphocytic populations have been reported. The
final effect of pregnancy on previously active autoimmune
processes is controversial,8,9 and multiple autoimmune distur-
bances may be manifested during pregnancy.10

In diabetic pregnancy, immunological abnormalities
occurring in diabetes are superimposed on immunological
changes of pregnancy, eventually influencing maternal and
fetal outcomes.

DM-1 is considered an autoimmune disorder progressing
toward the selective destruction of the beta cells. Subjects with
DM-1 frequently display evidence of autoimmune disorders
specific to other organs: thyroid, adrenal cortex, gastric mucosa,
and antigliadin antibodies in childhood.

Gestational diabetes mellitus (GDM) is defined as an
impairment of glucose tolerance first recognised at the index
pregnancy.11 For this category of women, an increased risk of
progression to Type 2 diabetes mellitus (DM-2) has been
repeatedly reported.12–15 Nevertheless, a subset of women with
GDM depicts one or several autoantibodies (AA) against 
various pancreatic islet cell autoantigens, typically detected in
Type 1 diabetes (DM-1),16 as well as in high risk subjects for
the development of the disease, in particular, first degree 
relatives of patients with DM-1 (FDRs-DM1).17 In Type 1A
diabetes, a selective destruction of the insulin-producing cells
occurred, mediated by T cells.

Autoimmune destruction of the beta cells is determined 
by multiple genetic susceptibility and modulated by unde-
fined environmental factors. The autoimmune response may
be detected for months or years before the clinical onset.
Patients with Type 1 diabetes have an increased risk of other
autoimmune disorders, including Graves disease, thyroiditis,
Addison disease, celiac disease, and pernicious anemia.
A minority of patients with Type 1 diabetes have no known

etiology and no evidence of autoimmunity (Type 1b diabetes;
idiopathic Type 1 diabetes); most of these patients are of
African or Asian origin. It is well known that autoimmunity
against pancreatic islets may evolve in some instances as a
highly aggressive process responsible of extreme insulinopenia,
whereas in other occasions it leads to a slow and non-aggresive
process, practically asymptomatic, recognized by humoral
autoimmunity markers. During past years, islet autoantibodies
have been demonstrated in the sera of a significant fraction
(5–20%) of individuals with phenotypical characteristics of
DM-2.18–20 As a result, the term ‘latent autoimmune diabetes of
adulthood’ (LADA) has been incorporated to define this new
clinical variant of diabetes.18–20

Therefore, we define as autoimmune GDM a concrete 
subgroup of women depicting humoral autoimmune markers
against pancreatic cells in association with glucose intolerance
at pregnancy. Due to its potential high risk for progression to
clinically overt insulinopenia, women with autoimmune GDM
may be considered candidates for immune interventions.

Islet-cell autoantibodies
Islet cell autoantibodies include AA to islet cell cytoplasm
(ICAs); to native insulin (IAAs); to glutamic acid decarboxylase
(GAD65A);21–23 and to two tyrosinephosphatases (insulinoma-
associated antigens IA-2A and IA-2βA).24,25 AA markers of
immune destruction are present in 85–90% of newly onset
Type 1 diabetes at the time that fasting hyperglycemia is 
first detected.26

The risk of developing DM-1 in first degree relatives (FDRs)
of patients with the disease is about 5%, approximately 15-fold
higher than the risk in the general population (1:250–300 life-
time risk). Screening FDRs can identify those at high risk for
DM-1. Nevertheless, as many as 1–2% of healthy individuals dis-
play a single AA, and they are at low risk to develop DM-1.27 Due
to the low prevalence of DM-1 in the general population 
(c. 0.3%), the positive predictive value (PPV) of a single AA is
low.28 The presence of combined islet cell AA is associated with
a risk of DM-1 up to >90%.27,29 Only about 20% of subjects 
presenting with newly onset DM-1 express only a single auto-
antibody. Children and young adults carrying certain HLA-DR
and/or DQB1 chains (*0602/*0603/*0301) are mostly protected
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from DM-1, but not from developing islet cell AA.30 Screening
of FDRs of patients with DM-1 or in the general population
for islet cell AA is not recommended at present. Islet cell AA
are usually measured in research protocols and clinical trials 
as surrogate end-points. It is important that AA should be
measured only in accredited laboratories with an established
quality-control program, and participation in a proficiency-
testing protocol.

So far, no therapy has been recommended to prevent the
clinical onset of DM-1 in islet cell AA positive individuals.31

Cytoplasmic islet cell autoantibodies
in GDM
ICA were first described in 1974.32 The investigated serum 
was incubated with a slide of human pancreas; the antigen–
antibody interaction was visualized by fluorescence microscopy.
Only the cytoplasm of endocrine cells depicted fluorescence,
showing the non-specific character of the antibodies for the 
beta cells.

Circulating antibodies against the cytoplasm of islet cells
(ICA) have been demonstrated in the great majority of
individuals with DM-1 at the preclinical state and at the onset
of clinically overt disease, and they persist in the circulation

for various times. In pregnant women with DM-1 the
reported frequencies of ICAs have been 11–62%.33–35 ICAs are
transferred by the placenta,33 but their passage has not been
associated with fetal/neonatal morbidity.

The presence of ICA in GDM was first reported by Steel et al.36

with a frequency of 10%. Prevalence rates of 1–15% have been
reported for ICA in GDM (Table 13.1).14,36–49,52–57,59,63,64 These
discordant results are probably explained by differences in
investigated populations, methodology of assessing ICA, and
dissimilar protocols of screening and diagnosing GDM.

Women with GDM positive for ICA, characteristically display
low titers when compared with subjects with new-onset T1DM
and FDR.39,43,48,54,57,63 Our group has compared ICA titers in 38
ICA-positive women with GDM and 66 women with new-
onset T1DM and results are displayed in Figure 13.1. However,
in GDM, ICA persistance is higher in the long run.56,65

Insulin autoantibodies in GDM
The presence of IAA in the sera of DM-1 subjects before 
initiating insulin therapy was first reported by Palmer et al.66

Later, IAA have been detected in 18–50% of newly diagnosed
Type 1 diabetic patients.67,68 Overall, 4–6% of FDRs are 
positive for IAA, a prevalence that is higher in young ICA 

Insulin autoantibodies in GDM 101

Table 13.1 Diabetes-related antibodies in women with gestational diabetes mellitus

First author, and reference ICA prevalence (%) IAA prevalence (%) GADA prevalence (%) IA2A prevalence (%)

Steel36 10
Roma cohort37,38 5 3.6 †
Freinkel14 7.5 #
Stowers39 * 12.5
Catalano40 * 1.6
Bell41 2.8
Stangenberg42 1.8
Barcelona cohort43–45 12.4–14 # 1 1.5 0.2
Munich cohort46,47 8.5–11 9.5 # 6.2 #
Copenhagen cohort48,49 2.9 † 0 † 2.2 †
Tuomilheto50 5.0
Beischer51 * 1.8
Padova cohort52,53 2.8–2.9 1.5 1.4 0
Dozio54 10 † 3.0 † 0 † 0 †
Wittingham55 3 4 1
Panczel56 * 14.7
Kinalski57 * 5.1 # 7.0 # 3.2 #
Mitchell58 6 #
Bartha59 * 0.98 10.8
Kousta60 * 4.0
Weng61 ◊ 4.5 †
Balaji62 41 #
Bo63 6.5 # 4.1 #
Jarvela64 12.5 # 5.9 # 4.7 # 1.0 †

For groups with several papers on the subject, the information has been summarized.
ICA, islet cell antibodies; IAA, insulin autoantibodies; GADA, glutamic-acid decarboxylase autoantibodies; IA2A, antibodies against IA2 protein
(thyrosin-phosphatase).
*Measurements were performed at different times after delivery; † NS versus the control population; # P < 0.05 versus the control population;
◊ women had both GDM and a positive family history for diabetes mellitus. (Adapted from de Leiva et al.83)
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positive individuals. There are only a few reports on the 
prevalence of IAA in GDM, depicting rates of 0–6%.44,48,52,54,64

Our group has measured IAA by the radiobinding assay
described by Vardi.69 We could observe that pregnancy itself
does not influence IAA levels and that only 0.98% of
non-selected women at diagnosis of GDM displayed IAA in
their sera before initiation of treatment, frequency not 
different from that of a control group (0%, and lower 
than that reported in FDRs of subjects with DM-1 (4.7%) and
in newly diagnosed Type 1 diabetic patients (16%).70

Interestingly, the prevalence of IAA was higher in the group of
ICA positive women with GDM than in the ICA negative
group (11 vs. 0.7%).

Autoantibodies against glutamic acid
decarboxylase and tyrosine
phosphatase IA2 in GDM.
Baekkeskov et al.71 identified the pancreatic islet beta-cell
autoantigen of relative molecular mass 64k, as glutamic 
acid decarboxylase, a major target of AA associated with 
the development of DM-1. GAD is the biosynthesizing
enzyme of the inhibitory neurotransmitter GABA (gamma-
aminobutyric acid). Pancreatic beta cells and a subpopulation
of central nervous system neurons express high levels 
of this enzyme. Most patients with a rare neurologic 
disease called stiff-man syndrome have autoantibodies to
GABA-secreting neurons. The 64k antigen was found in beta
cells as a hydrophilic soluble 65k form and a 64k hydrophobic
form.72

In newly dignosed patients with DM-1, ICA positivity 
is depicted in 75–85% of cases, presence of GAD65A in 
about 60–70%, IA2A in 40%, and IA2βA in 20%. IAAs are
positive in 90% of children who develop DM-1 before age 5,
but in less than 40% of cases developing the disease after 

the age of 12. At present, a panel of IAA, GAD, and
IA2A/IA2βA is now available for screening purposes of
autoimmune diabetes, possibly with ICAs used for confirma-
tory testing. It is likely that other islet cell antigens could lead
to additional diagnostic and predictive tests for DM-1. The
largest study on the prevalence of GAD65Ab in Type 2 dia-
betes is the United Kingdom Prospective Diabetes Study
(UKPDS). Overall, 10% of patients tested positive for
GAD65Ab, and the prevalence was inversely proportional to
age.73 This investigation also depicted that 84% of GAD-Ab+
patients 25–34 years old required insulin within 6 years in
comparison with 34% of those older than 55 years. No patient
with Type 2 diabetes was positive for IA-2Ab alone.
GAD65Ab+ patients with Type 2 diabetes have lower fasting
C-peptide levels and lower insulin response to orally adminis-
tered glucose than do GAD65Ab patients, as well as fewer fea-
tures of the metabolic syndrome, an indication of potential
lower risk or cardiovascular events than average Type 2 dia-
betic subjects. An estimated 5–10% of patients with Type 2
diabetes have maturity-onset diabetes of youth, 10% may have
LADA, and another 5–10% may have diabetes due to rare
genetic disorders. Reported prevalences of GAD in women
with GDM ranges from 0 to 10.8% (Table 13.1).54,59 After the
identification of IA2 as a target beta-cell antigen, several stud-
ies have shown a prevalence of IA2 antibodies in GDM
between 0 and 6.2%.45,47,53–55,57,64

As for other DRA titers of GADA and IA2 in GDM have
been also reported to be lower when compared to T12DM,
autoimmune prediabetes and FDR.55,63,74 GADA in women
with GDM, have a distinct characteristic compared with FDR
since they bind to fewer epitopes than the corresponding 
antibodies in FDR.74

Genetic markers in autoimmune GDM
Although genetic markers hold a most relevant promise 
for the future, they are of only limited clinical value in the
evaluation and management of diabetic patients.

To screen for the genetic susceptibility for autoimmune-
mediated Type 1A diabetes, HLA typing is most useful. The
HLA complex on chromosome 6p21.3 is a major susceptibil-
ity locus, IDDM1. The HLA complex contains class I and II
genes that code for several polypeptide chains. The class I
genes are HLA-A, -B, and -C. The loci of class II genes are des-
ignated by three letters: the first, -D-, indicates the class, the
second (-M,O, P, Q, R-) the family, and the third (-A or B-) the
chain. Both classes of molecules are heterodimers: class I
exhibits an alfa chain and β2-microglobulin; class II exhibits
alfa and beta chains. The function of the HLA molecules is to
present short peptides to T cells to initiate the immune
response. Multiple genetic reports have demonstrated an associ-
ation between various HLA alleles and autoimmune disorders.
In caucasian DM-1 patients HLA-D genes contribute as much
as 50% of the genetic susceptibility.75

HLA-DQ genes appear critical to the HLA-associated risk
of DM-1A. In any individual four possible DQ dimers are
encoded; positive risks for the disease are associated with alfa
chains that have an arginine residue 52 and beta chains that
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degree relatives of Type 1 diabetic subjects with ICA positivity
(Adapted from reference 81)
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lack an aspartic acid at residue 57. The highest genetic risk
corresponds to those persons in whom all four HLA-DQ com-
binations meet this criterion (heterozygous for HLA-
DRB1*04-DQA1*0301-DQB1*0302 and DRB1*03-DqA1*
0501-DQB1*0201), with an absolute lifetime risk for DM 1A
in the general population of 1:12. On the contrary, person
who are protected are those with DRB1*15-DQA1*0201-
DQB1*0602 (Asp57+) haplotypes.76 People carrying out the
B1*0401 and 0405 subtypes of DRB1*04 are susceptible,
whereas the *0403 and *0406 subtypes are protective.

So far, the genes of HLA complex have been most investigated
genetic factors investigated in autoimmune GDM. The informa-
tion obtained from various reports showed discordant
results;14,41,42,48,52,77–79 in these protocols, the number of investi-
gated subjects was small, and the analyzed populations quite 
heterogeneous. Rubinstein et al. depicted a strong association
between HLA DR3/DR4 and islet autoimmunity of
women with GDM.77 A similar observation was provided by
Freinkel et al., showing a 2-fold increase in the frequency of DR3
and DR4 alleles in women with GDM.14 Ferber et al.79

investigated 184 German women with GDM; when compared
with another group of 254 nondiabetic unrelated subjects,
no elevation in the frequency of any HLA class allele 
was observed. Nevertheless, DR3 allele frequency was increased
in GDM women with positivity to islet cell antibodies, particu-
larly GADA (P = 0.002), as well as DR4 and DQB1*0302 
(P = 0.009). Sixty percent islet antibody-positive women and
74% women who developed DM-1 after partum had a
DR3/DR4 containing genotype. Combining the determination
of susceptible HLA alleles (DR3, DR4) with islet autoanti-
body measurement increased the sensitivity of identifying 
GDM women developing postpartum DM-1 to 92%. Several
reports could not found association between increased preva-
lence of class II alleles and the presence of humoral islet cell
autoimmune markers in women with GDM.42,52,78 Finally,
Damm et al. showed a trend towards an increased frquency of
DR3/DR4 and a decrease frequency of DR2 in women with
GDM evolving to DM-1.48

Autoimmune GDM and the risk of
developing postpartum DM-1
A main issue regarding autoimmune GDM is that of the
potential increased risk for the development of DM-1 either at
short term after partum or at longer follow-up. We can accept
the proposal that the majority of women developing DM after
GDM will evolve to DM-2;12,14 nevertheless, a small but mean-
ingful fraction will evolve to DM-1.

After delivery, the autoimmune process directed against beta
cells may follow different pathways: (1) the restoration of
normal glucose tolerance when pregnancy is over; (2) the
appearance of DM-1 shortly after pregnancy; and (3) slow dete-
rioration of the insulin secretory capacity due to the continuous
progression of autoimmune destruction of the residual popula-
tion of beta cells, resulting in a long subclinical period (LADA).

Already in the first study on ICA in GDM, three out of five
ICA-positive gestational diabetic women developed classical
DM-1A shortly after pregnancy.36 Additional studies have 

confirmed an increased risk of diabetes43 or glucose intoler-
ance40 in these women. Positivity for either ICA or GADA
increases the risk of T1DM at 2 years of follow-up, the risk
increasing with the number of positive antibodies.47,80 Some
studies not showing an association between ICA42 or GADA61

with abnormal glucose tolerance at short term after delivery
have a low statistical power. Overall, it is important to highlight
that only two of the papers dealing with DRA and glucose tol-
erance after delivery performed statistical adjustment for other
predictors.42,47

After describing ICA as being predictive of DM at the first
assessment after delivery,43 our team described an impairment
of the acute insulin response to intravenous glucose in women
with GDM with positivity for ICA and normal glucose 
tolerance after delivery, the response being superimposable to
that of ICA-positive FDR.81 Interestingly, a Finnish study on
FDR of patients with LADA, demonstrated metabolic features
similar to those described by us in women with GDM and 
positivity for ICA. These individuals, family members of
LADA patients exhibited decreased insulin secretion, associ-
ated with increased risk genotypes.82

Most papers focusing on longer follow-up, describe also an
increased risk of DM-1 in women with GDM and positivity
for ICA.48,49,56,64 GADA49,51,64 and positivity for one or more
islet cell antibodies,49,80 with the risk increasing with the
number of antibodies.64 Not all authors describe a positive
association between DRA positivity and DM at follow up, that
in some cases,39,53 but not in others45,60 can be attributed to 
a low statistical power of the studies. For instance, in our 
population, despite the aforementioned association of ICA
positivity with postpartum abnormal glucose tolerance, DRA
positivity (ICA, GADA, IA2 alone or in any combination)
were not predictive of diabetes mellitus at mid-term follow-
up.45 As in the case of short-term follow-up only some studies
have adjusted for other predictors.45,64,80

Concluding remarks
Autoimmune GDM appears to be the result of the variable
expression of autoimmunity against the beta cell, challenged
by the higher functional demand associated with the insulin-
resistant state of pregnancy. In this respect, autoimmune 
gestational diabetes can be considered a distinct clinical 
entity. There are different time-course patterns in the 
progression of autoimmune GDM: from the restoration of
normal glucose tolerance when pregnancy is over (even 
with eventual disappearance of autoimmune markers), to the
appearance of Type 1 diabetes shortly after partum, to an
established state of glucose intolerance which may eventually
progress, slowly, to a noninsulin dependent state, manifested
as LADA. Furthermore, the course of the autoimmune
destruction of the residual beta cell mass may be accelerated 
at any time-point resulting in a rapid-onset form of
DM-1.

Women with autoimmune GDM must be regarded as 
a high-risk group for the development of DM-1 in any of its
clinical forms. These women are candidates for immunomod-
ulatory interventions to prevent diabetes after pregnancy.
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Table 13.2 Abnormal glucose tolerance at follow-up in women with GDM and diabetes-related antibodies

First author, and reference Follow-up ICA GADA IA2A Several DRA

Steel36 1 year Predictive of T1DM
Stowers39 Up to 22 years Not predictive of 

the final state of 
glucose tolerance 

Catalano40 Up to 4 years Predictive of IGT
Stangenberg42 2–4 months Not predictive

of abnormal OGTT*
Barcelona cohort43,45 Months/up to Predictive of DM at DRA positivity 

11 years short term not predictive 
of DM, T1DM or 
T2DM at long
term*

Copenhagen cohort48,49 Up to 11 years Predictive of T1DM Predictive of T1DM
Beischer 199551 GADA at follow-

up associated to 
T1DM and T2DM

Munich cohort47,80 Up to 5 years/ Predictive of T1DM* Predictive of T1DM * Not The risk of 
up to 11 years predictive T1DM increases 

of T1DM* with the number 
of DRA*/

GAD and/or IA2 positivity 
predictive of DM at long 

term*
Panczel56 Up to 14 years Predictive of T1DM
Kousta60 Up to 45 months GADA at follow-up, 

not associated with 
differences in FBG or 
HOMA estimations of 
insulin secretion and 
sensitivity

Weng61 1 year No association with 
DM/IGT

Padova cohort53 5 years DRA positivity, 
borderline 
association to 
T1DM

Jarvela64 Up to 7 years Predictive of T1DM* Predictive of T1DM* Not N of DRA 
predictive predictive of 
of T1DM* T1DM*

For groups with several papers on the subject, information has been summarized.
*Adjusted for other predictors.
FBG: fasting blood glucose; HOMA: homeostasis model assessment; DM: diabetes mellitus; T1DM: Type 1 diabetes mellitus; IGT: impaired 
glucose tolerance.
There were no results for insulin autoantibodies (IAA).
(Adapted from de Leiva et al.83)

REFERENCES

9780415426206-Ch13  11/30/07  6:58 PM  Page 104



11. Metzger BE, Coustan DM, and the Organizing Committee. Summary
and recommendations of the Fourth International Workshop–
Conference on Gestational Diabetes Mellitus. Diabetes Care 1998;
21(suppl. 2): B161–7.

12. Kjos SL, Buchanan TA. Gestational diabetes mellitus. N Engl J Med
1999; 341: 1749–56.

13. Buchanan TA, Metzger BE, Freinkel N, Bergman RN. Insulin sensi-
tivity and B-cell responsiveness to glucose during late pregnancy 
in lean and moderately obese women with normal glucose tolerance
or mild gestational diabetes. Am J Obstet Gynecol 1990; 162:
1008–14.

14. Freinkel N, Metzger BE, Phelps RL, et al. Gestational diabetes 
mellitus: heterogeneity of maternal age, weight, insulin secretion,
HLA antigens, and islet cell antibodies and the impact of maternal
metabolism on pancreatic B-cell and somatic development in the
offspring. Diabetes 1985; 34(suppl. 2): 1–7.

15. Kim C, Newton KM, Knopp RH. Gestational diabetes and the 
incidence of type 2 diabetes: a systematic review. Diabetes Care
2002; 25: 1862–8.

16. Schranz DB, Lernmark A. Immunology in diabetes: an update.
Diabetes Metab Rev 1998; 14: 3–29.

17. Palmer JP. Predicting IDDM: use of humoral immune markers.
Diabetes Rev 1992; 1: 104–15.

18. Tuomi T, Groop LC, Zimmet PZ, et al. Antibodies to glutamic acid
decarboxylase reveal latent autoimmune diabetes mellitus in adults
with a non-insulin dependent onset of the disease. Diabetes 1993;
42: 359–62.

19. Turner R, Stratton I, Horton V, et al., for the UK Prospective Diabetes
Study (UKPDS) Group: UKPDS 25. Autoantibodies to islet cytoplasm
and glutamic acid decarboxylase for prediction of insulin requirement
in type 2 diabetes. Lancet 1997; 350: 1288–93.

20. Zimmet PZ, Tuomi T, Mackay JR, et al. Latent autoimmune diabetes
in adults (LADA): the role of antibodies to glutamic acid decarboxylase
in diagnosis and prediction of insulin dependency. Diabet Med 1994;
11: 299–303.

21. Baekkeskov S, Aanstoot HJ, Christgau S, et al. Identification of the
64K autoantigen in insulin-dependent diabetes as the GABA-
synthesizing enzyme glutamic acid decarboxylase Nature 1990;
347: 151–6. (Published erratum appears in Nature 1990; 347: 782.)

22. Kaufman DL, Erlander MG, Clare-Salzler M, et al. Autoimmunity 
to two forms of glutamate decarboxylase in insulin-dependent 
diabetes mellitus. J Clin Invest 1992; 89: 283–92.

23. Atkinson MA, Maclaren NK. Islet cell autoantigens in insulin
dependent diabetes. J Clin Invest 1993; 92: 1608–16.

24. Lan MS, Wasserfall C, Maclaren NK, Notkins AL. IA-2, a transmem-
brane protein of the protein tyrosine phosphatase family, is a major
autoantigen in insulin-dependent diabetes mellitus. Proc Natl Sci
USA 1996; 93: 6367–70.

25. Lu J, Li Q, Xie H, et al. Identification of a second transmembrane
protein tyrosine phosphatase, IA-2β, as an autoantigen in 
insulin-dependent diabetes mellitus: precursor of the 37-kDa tryptic
fragment. Proc Natl Acad Sci USA 1996; 93: 2307–11.

26. American Diabetes Association. Report of the Expert Committee on
the diagnosis and classification of diabetes mellitus. Diabetes care
1997; 20: 1183–201.

27. Maclaren N, Lan M, Coutant R, et al. Only multiple autoantibodies to
islet cells (ICA), insulin, GAD65, IA-2 and IA-2β predict immune-
mediated (type 1) diabetes in relatives. J Autoimmun 1999; 12: 279–87.

28. Harrison LC. Risk assessment, prediction and prevention of type 1
diabetes. Pediatr Diabetes 2001; 2: 71–82.

29. Verge CF, Gianani R, Kawasaki E, et al. Prediction of type I diabetes
in first-degree relatives using a combination of insulin, GAD, and
ICA512bdc/IA-2 autoantibodies. Diabetes 1996; 45: 926–33.

30. Schott M, Schatz D, Atkinson M, et al. GAD65 autoantibodies
increase the predictability but not the sensitivity of islet cell and
insulin autoantibodies for developing insulin dependent diabetes
mellitus. J Autoimmun 1994; 7: 865–72.

31. Atkinson MA, Eisenbarth GS. Type 1 diabetes: new perspectives on
disease pathogenesis and treatment. Lancet 2001; 358: 221–9.

32. Bottazo GF, Florin-Christensen A, Doniach D. Islet cell antibodies in
diabetes mellitus with polyendocrine autoimmune deficiencies.
Lancet 1974; ii: 1279–82.

33. Tingle AJ, Lim G, Wright VJ, Dimmick JE, Hunt JA. Transplacental
passage of islet cell antibody in infants of diabetic mothers. Pediatr
Res 1979; 13: 1323–5.

34. Falluca F, Di Mario U, Gargiulo P, et al. Humoral immunity in diabetic
pregnancy: interrelationships with maternal/neonatal complications
and maternal metabolic control. Diabet Metab 1985; 11: 387–95.

35. Mauricio D, Corcoy R, Codina M, et al. Frequency of islet-cell 
antibodies is not different in pregnant versus non-pregnant type 1
diabetic women [abstract]. Diabetes 1991; 40(suppl. 1): 277A.

36. Steel JM, Irvine WJ, Clarke BF. The significance of pancreatic islet
cell antibody an abnormal glucose tolerance during pregnancy. 
J Clin Lab Immunol 1980; 4: 83–5.

37. Falluca F, Di Mario, Gargiulo P, et al. Humoral immunity in diabetic
pregnancy: interrelationships with maternal/neonatal complications
and maternal metabolic control. Diabet Metab 1985; 11: 387–95.

38. Fallucca F, Tiberti C, Torresi P, et al. Autoimmune markers of diabetes
in diabetic pregnancy. Ann Ist Super Sanita 1997; 33: 425–8.

39. Stowers JM, Sutherland HW, Kerridge DF. Long-range implications
for the mother. The Aberdeen experience. Diabetes 1985; 34(suppl. 2):
106–10.

40. Catalano PM, Tyzbir ED, Sims EAH. Incidence and significance of
islet cell antibodies in women with previous gestational diabetes.
Diabetes Care 1990; 13: 478–82.

41. Bell DSH, Barger BO, Go RCP, et al. Risk factors for gestational diabetes
in black population. Diabetes Care 1990; 13(suppl. 4): 1196–201.

42. Stangenberg M, Agarwal N, Rahman F, et al. Frequency of HLA
genes and islet cell antibodies (ICA) and result of postpartum oral
glucose tolerance tests (OGTT) in Saudi Arabian women with 
abnormal OGTT during pregnancy. Diabetes Res 1990; 14: 9–13.

43. Mauricio D, Corcoy R, Codina M, et al. Islet cell antibodies identify
a subset of gestational diabetic women with higher risk of developing
diabetes mellitus shortly after pregnancy. Diabetes Nutr Metab 1992;
5: 237–41.

44. Mauricio D, Balsells M, Morales J, et al. Islet cell autoimmunity in
women with gestational diabetes and risk of progession to insulin-
dependent diabetes mellitus. Diabetes Metab Rev 1996; 12: 275–85.

45. Albareda M, Caballero A, Badell G, et al. Diabetes and abnormal
glucose tolerante in women with previous gestational diabetes.
Diabetes Care 2003; 26: 1199–205.

46. Ziegler AG, Hillebrand B, Rabl W, et al. On the appearance of islet
associated autoimmunity in offspring of diabetic mothers: a prospective
study from birth. Diabetologia 1993; 36: 402–8.

47. Füchtenbusch M, Ferber K, Standl E, Ziegler A-G, and participating
centers. Prediction of type 1 diabetes postpartum in patients with ges-
tational diabetes mellitus by combined islet cell autoantibody screening.
A prospective multicenter study. Diabetes 1997; 46: 1459–67.

48. Damm P, Kühl C, Buschard K, et al. Prevalence and predictive value
of islet cell antibodies and insulin antibodies in women with 
gestational diabetes. Diabet Med 1994; 11: 558–63.

49. Petersen JS, Dyrberg T, Damm P, et al. GAD65 autoantibodies 
in women with gestational or insulin dependent diabetes mellitus
diagnosed during pregnancy. Diabetologia 1996; 39: 1329–33.

50. Tuomilehto J, Zimmet P, Mackay IR, et al. Antibodies to glutamic
acid decarboxylase as predictors of insulin-dependent diabetes 
mellitus before clinical onset. Lancet 1994; 343: 1383–5.

51. Beischer NA, Wein P, Sheedy MT, et al. Prevalence of antibodies to
glutamic acid decarboxylase in women who have had gestational
diabetes. Am J Obstet Gynecol 1995; 173: 1563–9.

52. Lapolla A, Betterle C, Sanzari M, et al. An immunological and
genetic study of patients with gestational diabetes mellitus. Acta
Diabetol 1996; 33: 139–44.

53. Lapolla A, Fedele D, Pedini B, et al. Low frequency of autoantibodies
to islet cell, glutamic acid decarboxylase and second-islet antigen in
patients with gestational diabetes mellitus: A follow-up study. Ann
NY Acad Sci 2002; 958: 263–6.

54. Dozio N, Beretta A, Belloni C, et al. Low prevalence of islet autoan-
tibodies in patients with gestational diabetes mellitus. Diabetes Care
1997; 20: 81–3.

55. Wittingham S, Byron SL, Tuomilehto J, et al. Autoantibodies associated
with presymptomatic insulin-dependent diabetes mellitus in women.
Diabet Med 1997; 14: 678–85.

56. Panczel P, Kulley O, Luczay A, et al. Detection of antibodies against
pancreatic islet cells in clinical practice. Orvosi Hetilap 1999; 140:
2695–701.

57. Kinalski M, Kretowski A, Telejko B, et al. Prevalence of ICA antibodies,
anti-GAD and anti-IA2 in women with gestational diabetes treated
with diet. Przegl Lek 1999; 56: 342–6.

58. Mitchell ML, Hermos RJ, Larson CA, Palomaki GE, Haddow JE.
Prevalence of GAD autoantibodies in women with gestational 
diabetes. A retrospective analysis. Diabetes Care 2000; 23: 1705–6.

59. Bartha JL, Martínez del Fresno P, Comino-Delgado R. Postpartum
metabolism and autoantibody markers in women with gestational
diabetes mellitus diagnosed in early pregnancy. Am J Obstet
Gynecol 2001; 184: 965–70.

References 105

9780415426206-Ch13  11/30/07  6:58 PM  Page 105



60. Kousta E, Lawrence NJ, Anyakou V, Johnston DG, McCarthy MI.
Prevalence and features of pancreatic islet cell autoimmunity in
women with gestational diabetes from different ethnic groups. BJOG
2001; 108: 716–20.

61. Weng J, Ekelund M, Lehto M, et al. Screening for MODY mutations,
GAD antibodies, and type 1-diabetes associated HLA genotypes in
women with gestational diabetes mellitus. Diabetes Care 2002; 25:
68–71.

62. Balaji M, Shatauvere-Brameus A, Valaji V, Seshiah V, Sanjeevi CB.
Women diagnosed with gestational diabetes mellitus do not carry
antibodies against minor cell antigens. Ann NY Acad Sci 2002; 958:
281–4.

63. Bo S, Menato G, Pinach S, et al. Clinical characteristics and out-
come of pregnancy in women with gestational hyperglycemia with
and without antibodies to beta-cell antigens. Diabet Med 2003; 20:
64–8.

64. Järvela I, Juutinen J, Koskela P, et al. Gestational diabetes identifies
women at risk for permanent Type 1 and Type 2 diabetes in fertile
age. Predictive role of autoantibodies. Diabetes Care 2006; 29:
607–12.

65. Corcoy R, Albareda M, Ortiz A, et al. In women with GDM, 
glutamic acid decarboxylase and tyrosine phosphatase antibodies
increase after delivery. Diabetologia 2000; 43(suppl. 1): A19.

66. Palmer JP, Asplin CH, Clemons P. Insulin antibodies in insulin depend-
ent diabetics before insulin treatment. Science 1982; 222: 1337–9.

67. Karjalainen J, Salmena P, Ilonen J, Surcel HM, Knip M. A compari-
son of childhood and adult type I diabetes mellitus. N Engl J Med
1989; 320: 881–6.

68. Srikanta S, Richter AT, MacCulloch DK, et al. Autoimmunity to
insulin, beta-cell dysfunction and development of insulin-dependent
diabetes mellitus. Diabetes 1986; 36: 139–42.

69. Vardi P, Dib SA, Tuttleman M, et al. Competitive insulin antibody
assay: prospective evaluation of subjects at high risk for develop-
ment of type I diabetes mellitus. Diabetes 1987; 36: 1286–91.

70. Puig-Domingo M, Mauricio D, Morales J, et al. Proyecto de la
Sociedad Española de Diabetes sobre prediabetes tipo 1. Av Diabetol
1992; 5(suppl. 2): 57–65.

71. Baekkeskov S, Aanstoot HJ, Christgau S, et al. Identification of 
the 64K autoantigen in insulin dependent diabetes as the GABA-
synthesizing enzyme glutamic acid decarboxylase. Nature 1990; 
347: 151–6.

72. Maclaren N, Lan M, Coutant R, et al. Only multiple autoantibodies
to islet cells (ICA), insulin, GAD65, IA2 and IA2beta predict
immune-mediated (type 1) diabetes in relatives. J Autoimmun 1999;
12: 279–87.

73. Turner R, Stratton I, Horton V, et al. UKPDS 25: Autoantibodies 
to islet-cell cytoplasm and glutamic acid decarboxylase for predic-
tion of insulin requirement in type 2 diabetes. Lancet 1997; 350:
1288–93.

74. Füchtenbusch M, Bonifacio E, Lampasona V, Knopff, Ziegler AG:
Immune responses to glutamic acid decarboxylase and insulin in
patients with gestational diabetes. Clin Exp Immunol 2004; 135:
318–21.

75. Todd JA. Genetics of type 1 diabetes. Pathol Biol (Paris) 1997; 45:
219–27.

76. Redondo MJ, Kawasaki E, Mulgrew CL, et al. DR- and DQ-
associated protection from type 1A diabetes: comparison of
DRB1*1401 and DQA1*0102-DQB1*0602*. J Clin Endocrinol
Metab 2000; 85: 3793–7.

77. Rubinstein P, Walker M, Krassner J, et al. HLA antigens and islet 
cell antibodies in gestational diabetes. Hum Immunol 1981; 3:
271–5.

78. Vambergue A, Fajardi I, Bianchi F, et al. Gestational diabetes mellitus
and HLA class II (-DQ, -DR) association: the DIAGEST Study. Eur J
Immunogenet 1997; 24: 385–94.

79. Ferber K, Keller E, Albert ED, Ziegler A-G. Predictive value of 
human leucocyte antigen Class II typing for the development of islet
autoantibodies and insulin-dependent diabetes postpartum in
women with gestational diabetes. J Clin Endocrinol Metab 1999; 84:
2342–8.

80. Löbnner K, Knopff A, Baumgarten A, et al. Predictors of postpartum
diabetes in women with gestational diabetes mellitus. Diabetes
2006; 55: 792–7.

81. Mauricio D, Corcoy R, Codina M, et al. Islet cell antibodies and beta
cell function in gestational diabetic women: comparison to first-degree
relatives of Type 1 (insulin-dependent) diabetic subjects. Diabet Med
1995; 12: 1009–14.

82. Vauhkonen I, Niskanen L, Knip M, et al. Impaired insulin secretion
in non-diabetic offspring of probands with latent autoimmune 
diabetes in adults. Diabetologia 2000; 43: 69–78.

83. de Leiva A, Mauricio D, Corcoy R. Diabetes related autoanti-bodies
and gestational diabetes mellitus. Diabetes Care (in press).

106 Immunology of gestational diabetes mellitus

9780415426206-Ch13  11/30/07  6:58 PM  Page 106



The GDM controversy
Diabetes mellitus is one of the most common medical 
complications of pregnancy. Of all types of diabetes, gestational
diabetes (GDM) accounts for approximately 90–95% of all
cases of diabetes in pregnancy. GDM is defined as

carbohydrate intolerance of variable severity with onset or
first recognition during pregnancy. The definition is appli-
cable regardless of whether insulin is used for treatment or
the condition persists after pregnancy. It does not exclude
the possibility that unrecognized glucose intolerance may
have antedated the pregnancy.1

Since the late 1960s when O’Sullivan first suggested the
term ‘gestational diabetes’, controversy has continuously 
surrounded this clinical entity even though it is associated
with adverse pregnancy outcome, i.e. macrosomia, birth
trauma, and neonatal hypoglycemia. Regardless of these serious
results, opinions and anecdotes have been more prolific than
research generated data on this issue. There is no consensus
regarding diagnostic criteria, the utility of universal screening,
or the association of gestational diabetes with perinatal 
morbidity and mortality. For example, Jarrett2 concluded that
GDM is ‘a non-entity’ whose only clinical association is with
an increased maternal risk of subsequent diabetes.1 The
Scottish Intercollegiate Guidelines Network (SIGN) published
a document regarding the management of diabetes in pregnancy
in 2001. They reiterated that there is as yet no consensus on
the definition, management or treatment of GDM, or the
most appropriate strategies for screening, diagnosis and man-
agement of asymptomatic GDM. A document published in
the United Kingdom in October 2003 from the National
Institute for Clinical Excellence suggested that available 
evidence did not support routine screening for GDM. The
Society of Obstetricians and Gynecologists of Canada3 suggest
in their guidelines that screening for GDM needs to target
high risk women. They included obesity among the risk 
factors, using a cut-off BMI of 27 kg/m.2 In a letter to the
editor, Hunter and Milner4 stated that ‘gestational diabetes is 
a diagnosis still looking for a disease.’

According to these physicians, gestational diabetes is not
convincingly associated with increased perinatal mortality 
or morbidity, and macrosomia per se, regardless of definition,
is not a morbid condition.3 Greene, in an editorial in the 
New England Journal of Medicine (2001) also questioned if
GDM is a disease,5 while in 2005 the same author in a different
editorial in the same journal endorsed treatment for GDM.
Beard and colleagues6 in a review article concluded that gesta-
tional diabetes is a clinical entity associated with a significant
incidence of diabetes in the later life of the mother and an
increase in fetal and neonatal morbidity.

In the current era of evidence-based medicine, it is surprising
that the opposing positions are not the result of data gleaned
from authors’ research but rather based upon opinions that
lack evidence to support these opinions. In order to determine
a research-based answer to this dilemma, it is time to cease the
rhetoric and subdue the ‘storm in a teacup.’ Tolstoy may have
summed it up best:

I know that most men, including those at ease with problems
of the greatest complexity, can seldom accept even the 
simplest and most obvious truth if it be such as would
oblige them to admit the falsity of conclusions which they
have delighted in explaining to colleagues, which they have
proudly taught to others, and which they have woven,
thread by thread, into the fabric of their lives.

In approaching this debate, three conditions need to be met
in order to establish gestational diabetes as a clinical entity.
To demonstrate:

1. Change from physiology to pathophysiology
2. Significant adverse outcome, i.e. maternal and/or fetal
3. That treatment improves adverse outcome

Change from physiology to
pathophysiology
Identification of the primary metabolic disturbance in 
GDM would facilitate the development of interventions aimed 
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at prevention as well as treatment. Gestational diabetes mellitus
may provide the ideal model for investigating the primary
defect which leads to the development of Type 2 diabetes.

Human pregnancy is an insulin-resistant condition.
Although there is a 4- to 5-fold range of insulin resistance 
in the general population, there is a relatively uniform
40–50% increase (from the pregravid condition) in insulin
resistance and increase in insulin secretion in obese patients of
60% in the first phase of secretion and 130% in the second
phase.7 These alterations in insulin have been previously
ascribed to a variety of reproductive hormones such as human
placental lactogen, cortisol, progesterone and estrogen.8

More recent data have implicated adypocyte/placental
secreted factors such as cytokines, in particular tumor necro-
sis factor alfa (TNF-α) and leptin as active candidates in the
alteration of insulin sensitivity in pregnancy. Adiponectin
belongs to the family of adipocytokines which also includes
leptin, TNF-α, resistin, interleukin-6 (IL-6), and others.8,9

Adiponectin is associated with obesity, diabetes, cardiovascular
disease and dyslipidemia.10–12 From a metabolic standpoint,
adiponectin produces an insulin-sensitizing effect on skeletal
muscle, adipose tissue a and liver. It has been demonstrated
that the level of adiponectins in class A2 and B gestational 
diabetes are associated with suppressed levels of adiponectins,
similar to that found in other insulin-resistant states (Type 2
diabetes and obesity.)

Retnakaran et al.13 reported that C-reactive protein (CRP)
levels in late pregnancy relate to pregravid BMI and not to GDM
per se. Assuming that the CRP concentrations in late gestation
are a marker of insulin resistance, then a woman’s pregravid 
BMI may be the strongest clinical indicator of the degree of her
insulin resistance, even in late gestation. The lack of a relation-
ship between CRP and GDM may reflect the wide variation of
pregravid BMI to inflammation/insulin resistance rather than
the relative uniform decreases observed during pregnancy.14

It has been shown that total oxidative and non-oxidative
glucose metabolism is inversely related to increased visceral-
to-subcutaneous fat ratio in obese women and to total fat 
content in lean women. Others have demonstrated decreased
insulin sensitivity in subjects with a central pattern of fat 
distribution. Whatever the cause for increased insulin resistance

during pregnancy, in women who maintain normal glucose
tolerance, it is offset by a 3- to 3.5-fold increase in insulin
secretion.17 The degree of insulin resistance during late gesta-
tion appears to be dependent primarily on pregravid maternal
insulin resistance, which is quite variable, and secondarily on
the 40–50% increases mediated through placental factors.

It is not too surprising that GDM develops in genetically
susceptible women when they become pregnant. They probably
have some degree of insulin resistance prior to pregnancy and
normal pregnancy is associated with severe insulin resistance.
Catalano et al.15 found an approximate 21% decrease in insulin
sensitivity occurring by 12–14 weeks of gestation and a 
56% decrease in insulin sensitivity occurring by 34–36 weeks.
Others have found similar results.16–18

In summary, gestational diabetes is characterized by patho-
genesis deviating from the normal physiology of pregnancy
which involves insulin resistance and decreased insulin 
secretion. Furthermore, similarity exists between the pathogen-
esis of GDM and Type 2 diabetes which are probably one dis-
ease at different stages on the spectrum of glucose intolerance.

Is there an associated increased
adverse outcome in GDM?
The infants of GDM women are at an increased risk for 
stillbirth and aberrant fetal growth (macrosomia and growth
restriction) as well as metabolic (e.g. hypoglycemia and hypocal-
cemia), hematological (e.g. bilirubinemia and polycythemia)
and respiratory complications that increase neonatal intensive
care unit admission rates and birth trauma (e.g. shoulder 
dystocia)19,20 (Table 14.1).

Congenital anomalies and spontaneous abortions are not
as serious complications in GDM as they are in pre-gestational
diabetes. However, due to the relatively high rate of undiag-
nosed Type 2 (10%) diabetic women in the GDM population,
there should be a concerted effort to rule out the presence of
congenital malformations.

Fasting plasma glucose is accepted as the gold standard for
severity of diabetes. This is true in Type 2 individuals and in
GDM women. In an attempt to control for different GDM
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Table 14.1 Selective neonatal outcomes between untreated and nondiabetic subjects

Odd ratio 95% CI

LGA 3.28 2.53–4.60
Macrosomia 2.66 1.93–3.67
Ponderal index 1.91 1.46–2.50
Shoulder dystocia 4.07 1.63–10.16
Hypoglycemia 10.38 6.15–16.56
Polycythemia 10.88 6.16–19.18
Hyperbilirubinemia 3.87 2.64–5.67
Pulmonary complications 3.43 1.87–6.27
Cesarean section 1.88 1.45–2.43
NICU >24 h 4.11 2.37–7.10

Modified from Langer O. The Diabetes in Pregnancy Dilemma: Leading Changes with Simple Solutions, University Press of America, New York, 2006.
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severity levels in the treated and untreated GDMs, we 
stratified the patients based on increases in fasting plasma 
glucose (10 mg increments) for each severity category. In the
treated GDMs, there are similar rates of perinatal outcome for
all fasting severity categories reiterating the importance of
achieving targeted levels of glycemic control (Figure 14.1).
In contrast, in the untreated GDMs, significant morbidity 
was found in each fasting plasma category of severity. In the
untreated group, logistic regression revealed that fasting
plasma glucose (severity of disease) had a significant inde-
pendent impact when for every 10 mg increment there was an
increased likelihood of adverse outcome (composite) by 15%;
for each pound increase in obese patients, the likelihood of
adverse outcome increase by 3%. For the treated GDMs, parity
was found to have a 6% increment for every child and obesity
and weight gain had a negligible effect although both were
found to be statistically significant.

Neonatal complications
The adverse outcomes most commonly associated with GDM
include increased perinatal mortality, macrosomia, shoulder
dystocia, birth trauma, pre-eclampsia, Cesarean section,
neonatal hypoglycemia, hypocalcemia, hyperbilirubinemia,
and polycythemia. In addition, there are long-term effects

associated with GDM pregnancies such as an increased maternal
risk of developing diabetes in the future and an increased risk of
obesity and glucose intolerance in the offspring (Table 14.2).

Perinatal mortality
Perinatal mortality is the most significant perinatal outcome
and early, albeit flawed studies, showed a 4-fold increase in
perinatal mortality in women with GDM. These studies did
not control for variables affecting perinatal mortality such as
fetal malformations, maternal history of stillbirth, as well as
advanced maternal age. Furthermore, all these studies probably
included women with unrecognized pre-gestational diabetes,
thus confounding the results. In addition, in most studies a
labeling bias existed since a GDM diagnosis tends to enhance
surveillance and interventions that may have a major impact
on perinatal mortality. Some researchers have suggested that
GDM has no or a negligible effect on mortality. This could be
explained by two opposing views: GDM has no or a negligible
effect on mortality; or, due to the overall decrease in perinatal
mortality, excess fetal deaths due to unrecognized GDM could
go unnoticed in smaller studies.

O’Sullivan and Mahan21 first reported an association
between GDM and perinatal death, documenting a 6.4% risk
only in women with GDM who were older than 25 years of
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Figure 14.1 Outcome by fasting plasma severity for untreated GDM. (Modified from Langer O. The Diabetes in Pregnancy
Dilemma: Leading Changes with Simple Solutions, University Press of America, New York, 2006.)

Table 14.2 Intensified versus conventional management of GDM

Conventional Intensified Control

Macrosomia (%) 13.6 7.01 8.1
Large for gestational age (%) 20.1 13.1 11.9
Metabolic complication (%) 13.3 3.1 2.9
Respiratory complication (%) 6.2 2.3 2.1
Shoulder dystocia (%) 1.4 0.4 8.7
Cesarean section (%) 22.0 15.0 14.0
n 1316 1145 4922

Modified from Langer O. The Diabetes in Pregnancy Dilemma: Leading Changes with Simple Solutions, University Press of America, New York, 2006.
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age, and a relative risk of 4.3 over controls. Abell et al.22 reported
similar results in women with GDM with a 3.9% overall 
perinatal mortality rate. However, an analysis of 1016 GDM
pregnancies from the author’s institution documented an
increased perinatal mortality rate (3.2%) only among those
meeting the NDDG criteria for the diagnosis of GDM.23

Schmidt et al.24 evaluated the relation between the ADA and
the WHO diagnostic criteria for GDM against pregnancy out-
come. Of the 4977 women in the study, 2.6% had GDM by the
ADA criteria and 7.2% by the WHO criteria. The perinatal
death in the ADA group had an odds ratio of 3.10, 95% confi-
dence interval 1.42–6.47. Similarly, the perinatal mortality by
the WHO criteria had an odds ratio 1.59, 95% confidence
interval 0.86–2.90 (not significant). Mondestin et al.25

reported the results of a retrospective cohort study of U.S. data
(1995–1997). These included 10 million nondiabetic gravids
and 271,691 diabetic patients with fetal death rates of 4/1000
for the nondiabetic and 5.9/1000 for the diabetic patients.
Fetal death rates increased when birthweight was >4250 g for
nondiabetic and 4000 g for diabetic patients with a 2-fold
increased rate in mortality in the diabetic group. The drawbacks
of this study was the retrospective design and the lack of
distinction between types of diabetes. However, it would be
reasonable to assume that the majority of the diabetic patients
were GDM which accounts for 90% of all diabetic pregnancies.

Clinicians must, therefore, consider the merits of establishing
the diagnosis of GDM. Gestational diabetes, if untreated or
not recognized, may be associated with an increased risk of
intrauterine fetal death and commonly reported morbidities
such as macrosomia, birth trauma, neonatal hypoglycemia,
hyperbilirubinemia, hypoglycemia, and polycythemia. There
is paucity of prospective data concerning some of these risks.
However, it is generally agreed that women with GDM with
significantly elevated fasting blood glucose levels appear to have
an increased risk of intrauterine fetal death.

Macrosomia, shoulder dystocia and birth trauma
Being relatively common and easily documented, macrosomia
is the perinatal outcome most investigators refer to when
addressing GDM. Macrosomia is the primary outcome with
relevant surrogate complications such as Cesarean section,
shoulder dystocia and brachial plexus injury (BPI). The overall
rate of macrosomia for the nondiabetic population is 7–9%.26

In contrast, the incidence reported for macrosomia in GDM is
management-dependent. When good glycemic control is not
achieved, the incidence of macrosomia can be as high as
20–45%.23 The macrosomic fetus is a result of diabetic fetopathy
and is characterized by organomegaly.27,28 Complications,
directly and indirectly associated to fetal macrosomia are
neonatal hypoglycemia, hypocalcemia, hyperbilirubinemia, and
polycytemia; in addition to birth trauma, these are all the con-
sequence of not treating or inadequate treatment of the disease.

Excessive fetal growth occurs in as many as 50% of
pregnancies complicated by GDM. It was shown that the
accelerated fetal growth is associated with the maternal
glycemic profile. Infancy is a period of rapid adipose tissue
accumulation and influences during fetal development are credi-
ble determinants of altered adiposity. The quantity of adipose

tissue as well as its distribution is a health/disease indicator.
Previous methods for the assessment of body composition in
infants have been indirect, i.e. skinfold measurement. This
method was frequently used in 1990s but was unreliable in
determining adiposity quantity or distribution. Adipose tissue
magnetic resonance imaging is a direct, non-invasive fetus
friendly serial of examinations. Adipose tissue deposits are
quatified individually and totaled in order to provide an accurate
measure of deposit-specific and total adiposity.29 Assessing
fetal/neonatal adiposity may enhance the understanding of the
effect of differential factors on fetal growth. The variables associ-
ated with the accrual of fetal adipose tissue in late gestation are
less well understood compared to birthweight and free fat mass.

Although fetal growth can be measured by birthweight,
a more accurate way to characterize overgrowth is by estima-
tion of body composition that includes lean body mass (LBM)
and free fat mass (FM). Lean body mass is a metabolically
active tissue and is relatively stable in utero. Free fat mass is
more variable and sensitive to factors that affect fetal growth.
Therefore, to more accurately characterize the diabetic fetopa-
thy, measurements that can identify even minimal deviations
from the norm are needed. Fat mass and lean body mass may
provide the means.

Recent studies have shown conflicting results in the 
evaluation of infant body composition.30,31 Catalano reported
increased free fat mass in infants of GDM women, even when
average weight for gestational age compared with infants of
women with normal glucose tolerance.30 Similarly, he demon-
strated increased body fat in infants of GDM women requiring
a Cesarean delivery compared with normal glucose tolerance
despite similar birthweights. In contrast, we and Naeye27,28

found an increase in lean body mass at the time of autopsy in
overgrown infants of women with diabetes. In a study evalu-
ating body composition of macrosomic infants of diabetic
women, we demonstrated increased body fat and decreased
lean body mass in infants of GDM women compared with
normal glucose tolerance.31

Long-term effects of GDM
When addressing the issue of the long-term effects of GDM, one
must differentiate between the long-term maternal effects and
the prognosis for the offspring (Figures 14.2–14.4).

The mother
The increased risk of developing diabetes later in life for
women with GDM is well known with the magnitude of the
risk ranging from 20–80%.32,33 In recent years, it was recognized
that GDM women have up to 8-fold increased risk to develop
metabolic syndrome. This syndrome is associated with a high
rate of Type 2 diabetes and cardiovascular complications.

The neonate
Since Barker’s primary epidemiologic studies in 198934,35

showing an inverse relationship between birthweight and
mortality due to adult ischemic heart disease, it has become
increasingly clear over the past decades that many fetal stresses
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may lead to fetal programming and the alteration of the
normal developmental gene expression pattern. Research
indicates that the child of the diabetic mother remains at
increased risk for a variety of developmental disturbances:
obesity,36–39 impaired glucose tolerance or diabetes40 and
diminished neurobehavioral capacities.41–47 Therefore, it
would be reasonable to speculate that the process whereby a
stimulus or insult (glucose toxicity and other metabolic fuels)
acting at a critical period of development in early and during
intrauterine life, may alter gene expression patterns for life.

Silverman et al. demonstrated that the growth of offspring
of diabetic mothers is similar to nondiabetic populations after
12 months. However, after age 5, there was a rapid weight gain
to a point at which at 8 years, almost half of the offspring of
diabetic mothers had a weight at or above the 90th percentile.
In addition, a slight upward trend in height was noted.48

Pettitt et al. in the Pima Indian population demonstrated that
by 5–9 years of age, both macrosomic and normal birthweight
infants of GDM mothers are more obese than normal 
birthweight offspring of nondiabetic mothers.49 Adiposity in 

children is strongly correlated with childhood hypertension
(both systolic and dystolic) and resembles the metabolic 
syndrome albeit at a younger age. Moreover, the presence of
hypertension in LGA infants was suggested as a cause for this
condition in children.50 In another study, Vohr et al. reported
that LGA infants of GDM mothers had higher BMI waist 
circumference and abdominal skin folds at one year compared
to infants of nondiabetic mothers. The mean postprandial
glucose value for the second and third trimester correlated
with waist circumference (r = 0.28, P < 0.04) and subscapular
skinfold (r = 0.37, P < 0.007). They concluded that macro-
somic infants of GDM mothers have unique patterns of
adiposity that are present at birth and persist at age 1 year.51

Cognitive development in children of
diabetic mothers
Several studies evaluated the association between cognitive
development and metabolic fuels in pre-existing and 
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At Age 1 Year

LGA-GDM AGA-GDM AGA-NON-GDMLGA-NON-GDM

LGA’s of GDM mothers had a higher BMI, greater waist
circumference and abdominal skinfold compared with all
other study groups

The mean 2-h postprandial glucose value for the 2nd and
3rd trimester correlated with waist circumference (r=0.28,
P<0.04) and subscapular skin-fold (r=0.37,P<0.007)

Modified from Vohr, BR, Diabetes care, 1997;20,7:1066-72

>> ====

Figure 14.2 Long term complications of the infant of the diabetic mother. Infant’s age: 1 year. LGAs of GDM mothers had a
higher BMI, greater waist circumference and abdominal skinfold compared with all other study groups. The mean 2-h post-
prandial glucose value of the seond and third trimester correlated with waist circumference (r = 0.28, P < 0.04) and subscapular
skinfold (r = 0.37, P < 0.07). (Modified from Vohr and McGarvey.51)

LGA-GDM AGA-GDM AGA-NON-GDMLGA-NON-GDM

LGA infants of GDM mothers had a higher BMI,
greater waist circumference and abdominal
skinfold compared to AGA-GDM.

No difference between non-GDM LGA and AGA.

Modified from Vohr et al, Diabetes care, 1999

>> >> ==

At 4-7 Years of Age

Figure 14.3 Long-term complications of the infant of the diabetic mother. Infant’s age: 4–7 years. (Modified from Vohr B et al.
Diabetes Care 1999; 22(8): 128–91.)
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gestational diabetes. The research group at Northwestern
University, Chicago, tested 73 pre-existing and 112 GDM
infants for the relationship between maternal fasting plasma
glucose and hemoglobin A1c during the second and third
trimesters on neonatal performance on the Brazelton
Neonatal Behavioral Assessment scale. The Brazelton scale has
gained wide asseptance as one of the premier instruments 
for integrative characterization of nervous system function in
the newborn.52 They found a significant correlation between
glycemic control in three out of the four newborn behavioral
dimensions on the scale. In each case, poor glycemic control
was followed by a poor Brazelton rating of the neonate.
The results were no different when gestational diabetic and
pre-gestational diabetics were analyzed separately. Attribution
of results to various prenatal events such as asphyxia, neonatal
hypoglycemia or differences in socioeconomic status or eth-
nicity could not be made. Although the authors reported that
their patients were well controlled, this statement is question-
able since there was an approximate 30% rate of macrosomia
(>4000 g), hypoglycemia and hyperbilirubinemia. On the
other hand, this perinatal outcome demonstrated the long
term complications one can anticipate when the level of
glycemia remains uncontrolled.

Another study sponsored by the same group53 evaluated
the offspring of 95 pre-existing diabetic women and 101 GDM
subjects. The children were assessed using the psychomotor
development index of the Bayley Scales of Infant Development
at 2 years of age and the Bruininks–Oseretsky Test of Motor
Proficiency at ages 6, 8 and 9 years. They reported that the
children’s average scores on the Bruininks–Oseretsky test at
ages 6–9 years correlated significantly with β-hydroxybutyrate
in maternal second and third trimesters. There was also a 
borderline association between children’s scores on the psy-
chomotor development Index at age 2 and β-hydroxybutyrate.
Similar findings were reported in another study.54 Rizzo et al.42

correlated measures of maternal glucose and lipid metabolism
(fasting plasma glucose levels, hemoglobin A1c levels, episodes
of hypoglycemia, episodes of acetonuria, and plasma 
β-hydroxybutyrate and free fatty acid levels) with two measures
of intellectual development in the offspring using the Bayley
Scales of Infant Development for 2-year-olds and the Stanford–
Binet Intelligence Scale for 3–5-year-olds expressed as an 
average of the three scores. The children’s mental development

index scores at the age of two correlated inversely with the
mother’s third-trimester plasma β-hydroxybutyrate levels; the
average Stanford–Binet scores correlated inversely with third-
trimester plasma β-hydroxybutyrate and free fatty acid levels.

Maternal diabetes during pregnancy may affect behavioral
and intellectual development in the offspring. The associations
between gestational ketonemia in the mother and a lower IQ in
the child warrant continued efforts to avoid ketoacidosis and
accelerated starvation in all pregnant women. Similar informa-
tion was reported by Petersen et al. who suggested that first
trimester intrauterine growth delay is associated with psycho-
motor deficit in the offspring at age 4–5. Presumably such
delays are driven from mothers who were in poor glycemic
control (elevated HbA1c).54 Sells et al. reported that late entry
into treatment programs in pregnancy in pre-existing diabetic
women resulted in lower scores on language measures and
intellectual development of children through age 2 in compar-
ison to women who maintained good control during 
pregnancy.55 Finally, Stenninger et al. reported that children
born to mothers with diabetes (probably GDM) who 
subsequently developed neonatal hypoglycemia, experienced
long-term neurological dysfunction. The offspring evaluated
at age 8 had more difficulties in validated screening tests for
minimal brain dysfunction, were hyperactive, impulsive and
easily distracted. On psychological assessment, they had a lower
developmental score in comparison to the offspring of normo-
glycemic diabetic women and nondiabetic control patients.56

In summary, the existing evidence clearly suggests that
there is adverse neurological and cognitive outcomes in 
addition to the possibility of early development of metabolic
syndrome (hypertension, obesity and diabetes) when gesta-
tional diabetes is not treated or poorly managed. Of note, the
adverse neonatal outcome is reported to be similar regardless
of the type of diabetes. Finally, the maternal long-term impli-
cations for the future development of Type 2 diabetes should
be included in the morbidity spectrum of this disease.

Clinical studies
There is paucity of information in the literature regarding
outcome of pregnancy in untreated GDM. Ostlund et al.57

studied 213 women prospectively who were identified with
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>> >> ==

R.R 3.6 R.R 1.89 BACKGROUND
4.8%

Figure 14.4 Long-term complications of the infant of the diabetic mother: metabolic syndrome at 11 years. (Modified from 
Boney CM et al. Pediatrics 2005; 115(3): e290–6.)
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IGT during pregnancy but remained undiagnosed and
untreated. IGT was defined as fasting blood glucose level 
121 mg/dL (<6.7 mmol/L) and 2-h blood glucose level
162–198 mg/dL (>9 and <11 mmol/L). They compared 
the untreated IGT to control and treated GDMs. The rate of
macrosomia (>4000 g) was 33, 16, and 30%, and LGA 25, 4 
and 25%, respectively. These findings demonstrate significant
morbidity in the GDM and untreated groups. It also questions
the efficacy of diabetic patient treatment. Similar findings
were found relevant to metabolic complications, Erb’s palsy,
and neonatal intensive care admission. In their study, the
obstetrician was not informed of the deviation in the glucose
tolerance. They concluded that there is an increased independ-
ent association between Cesarean section rates, prematurity
and LGA and macrosomic infants born to mothers with
untreated IGT. The main problem in the Ostlund study is that
the authors used a non-traditional definition for GDM which
was a modification of the Lind definition.58 It is not used in
North America nor in the majority of European centers who
follow the consensus agreement reached at the Fourth
International Workshop on Gestational Diabetes.

Adams et al.59 identified 16 cases of clinically unrecognized
gestational diabetes diagnosed using the NDDG criteria and
compared them to 64 nondiabetic controls. A third group
consisted of 373 unmatched cases of GDM. The unrecognized
group had 44% macrosomia, 44% LGA, 19% shoulder 
dystocia, 25% birth trauma and 13% metabolic or respiratory
complications. The nondiabetic controls and the unmatched
GDM group had rates of macrosomia 8 vs. 18%; LGA 5 vs.
13%; shoulder dystocia 3 vs. 4%; birth trauma 0 vs. 0.5%;
metabolic/respiratory complications 0 vs. 10%, respectively.
The study suggests that unrecognized GDM increases risks for
neonatal complications such as LGA, macrosomia, shoulder
dystocia, and birth trauma independent of maternal obesity
and other confounding variables. Clinical recognition and
dietary control of gestational diabetes are associated with 
a reduction in these perinatal morbid conditions. The limita-
tion of this study is its small sample size; the results could have
been affected by both alpha and beta errors.

Another series of studies was performed by the Toronto
Tri-Hospital Gestational Diabetes Project.60 In their first work,
the investigators explored the function of the screening test.
Their subsequent study addressed pregnancy outcomes for the
3637 subjects without a diagnosis of GDM whose caregivers
were blinded to the OGTT results. There was a direct 
relationship between OGTT results and a number of adverse
pregnancy outcomes including Cesarean delivery, neonatal
macrosomia, and pre-eclampsia. When multivariate analysis
was used to correct for the relative contribution of various
other potential risk factors such as maternal obesity and age,
the OGTT results continued to have a significant independent
impact. For example, for every 18 mg/dL (1.0 mmol/L) 
increment in the 3-h OGTT value, the likelihood of Cesarean
delivery rose by 10% even though the caregivers did not 
know the OGTT results. Similarly, for each 18 mg/dL 
(1.0 mmol/L) increase in the fasting plasma glucose level, the
likelihood of macrosomia (birthweight ≥4000 g) increased by
100% even though the OGTT results were all in the presumed
normal range.61,62

In another study, the OGTT results did not reach the
NDDG threshold for GDM but did meet a lower set of thresh-
olds that has been previously associated with increased 
morbidity.63 In the untreated gestational diabetes group, the
macrosomia rate of 29% was more than double the rates in the
control and gestational diabetes mellitus groups (14 and 10%,
respectively), while the Cesarean delivery rate was 30%, similar
to the rate in the GDM subjects. In these untreated pregnan-
cies, however, Cesarean delivery was significantly more likely
when fetal macrosomia was present. These data demonstrate
that the GDM treatment was apparently effective in reducing
the rate of macrosomia, since undiagnosed and untreated
women with mildly abnormal glucose tolerance manifested
significantly increased fetal macrosomia.

Li et al.64 randomly assigned 209 women into three groups
based on the OGTT results. The first group, ‘mild GDM’
(n = 75) was based on NDDG criteria and remained
untreated. The second group was GDM, diagnosed after a 
75-g OGTT by WHO criteria and was treated. The third group
consisted of normal, nondiabetic controls. The results showed
a significantly higher rate of LGA, 29% in the untreated group
(NDDG criteria), when compared to the nondiabetic control
women. There was no significant difference in the rate of LGA
between the treated GDM (WHO criteria) and the untreated
group. This study again raises the issue that untreated GDM is
associated with increased morbidity and questions the efficacy
of glycemic control and the intervention in the treatment
group. The relevance of this study is limited by the fact that
the study group did not fulfill the diagnostic criteria for GDM.
Thus, it is difficult to apply the results to the GDM population.
In addition, neither the women nor their caregivers were
blinded to the OGTT results thus allowing the women to 
initiate dietary and other lifestyle modifications that could
have potentially affected glycemic control while leaving the
caregivers exposed to a potential labeling bias. Increased mor-
bidity in untreated GDM was demonstrated in several studies.
The majority of these studies were retrospective, with small
sample sizes, and the rate of metabolic and respiratory compli-
cations and neonatal intensive care admissions not reported.

Langer et al.19 addressed many of the limitations posed by
the above studies. Patients in the untreated group were
recruited to the study after 37 weeks’ gestation which in and of
itself controls for lifestyle modifications such as diet that may
influence pregnancy outcome. Additionally, patients and care
providers were unaware of the GDM since the disease was
diagnosed after week 37 which had left the fetus exposed to
the glucose toxicity throughout pregnancy. Crowther et al.20

randomly assigned women between 24 and 34 weeks of gesta-
tion to intervention and non-intervention groups to deter-
mine whether treatment of GDM reduced perinatal outcome.
They also found that treatment reduced perinatal morbidity
and may have also improved the women’s health-related 
quality of life. The question remains how many of the undiag-
nosed GDMs were due to late development during pregnancy
and how many were due to late identification. Even if some of
the untreated cases were late onset of the disease, this will
dilute the outcome results but will not be a confounding 
variable on the outcome. The diagnostic criteria used in the
study are one of two accepted criteria and recommended 
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in the last decade since it was supported by two international
workshops on gestational diabetes which represent interna-
tional consensus.65,66

The sample size in our and Crowther’s studies were the
largest, to date, of all previously published work. The power 
of the studies was sufficient to evaluate macrosomia, LGA,
metabolic complications, respiratory complications, and
neonatal intensive care admissions. Furthermore, by developing
a composite outcome, Langer et al.19 were able to evaluate the
overall neonatal disease (morbidity) in addition to specific
morbidity components. Finally, selection into the nondiabetic
comparison group was designed to control for potential 
confounding variables. Two nondiabetic controls were
matched to each untreated GDM case on the basis of the 
following characteristics: ethnicity, parity, gestational age 
at delivery (within one week), obesity, and number of prenatal
visits. We found a 2- to 4-fold increased risk for large infants
and shoulder dystocia; a 2- to 7-fold increased risk for meta-
bolic and respiratory complications; a 4-fold increased risk for
neonatal intensive care admissions; and, a 2-fold increased
risk for Cesarean section.

Mild untreated hyperglycemia
The association between mild hyperglycemia (two or more
abnormal values on the OGTT or patients with lower glucose
thresholds) and adverse neonatal outcome has been a major
concern for the past two decades especially for patients who
could not reach the current ‘gold standard’ of the NDDG and
the Fourth International Workshop on Gestational Diabetes.
There are many cases of unrecognized and, therefore,
untreated GDM and ‘mild hyperglycemia.’ With the current
criteria for selective screening, some in the low risk group may
include cases of unrecognized GDM. The cut-off point used in
different centers (when screening is performed) varies from
130–140 mg/dL. However, it is well recognized that when
using a glucose level of 140 mg/dL, approximately 10% of
GDM cases will go undetected.67 Women with one elevated
value on the OGTT are not tagged by the current criteria as
GDM. All suffer from glucose toxicity yet remain unrecog-
nized GDM in most obstetric clinics. They are reinstated into
the ‘normal’ population; we deliver them every day.

The scientific rationale for the use of two or more abnormal
values is not based on evidence but rather on opinions. The
explanation for those who support two abnormal values range
from ‘just because’ to ‘better reproducibility of the test.’
However, data supporting these positions are lacking. If at all,
the existing data suggests that one abnormal value has the
same characteristics and predictive value as two or more values.
The use of one abnormal value for diagnostic criteria of GDM
is further supported by the fact that many obstetricians will
use screening values of 180 mg/dL or greater as a single 
diagnosis for GDM and will treat based on this single result.

In 1987, we suggested, in a case control study, that women
with one abnormal value on the OGTT results have a signifi-
cantly increased risk for adverse pregnancy outcome when
compared to nondiabetic and treated GDM women (two 
or more abnormal values on the OGTT).68 In a follow-up

study, women with one abnormal value were randomized 
into treatment and non-treatment groups and compared to 
nondiabetic subjects. Again, the incidence of large infants was
significantly higher in the untreated group. When patients
were stratified into obese and non-obese for each study group
(treated, untreated, and control), there was a significantly
higher rate of large infants and metabolic complications in 
the untreated group. There was no significant difference in the
rate of LGA between obese and non-obese patients.69 In a
third study, we compared the incidence of LGA infants in rela-
tion to the number of abnormal values on the OGTT. We
found a similar rate of LGA infants when one, two, or three
values were abnormal. This was especially true in patients with
poor glycemic control.70 Similar findings by Lindsay et al.71

showed 18% LGA in his one-abnormal population. Neiger
and Coustan72 showed that women with one abnormal value
even on the modified lower Coustan–Carpenter criteria when
compared to the NDDG criteria when the OGTT was repeated
after 4 weeks showed that about 33% had at least two abnor-
mal values on the OGTT. This demonstrates the similarity
between one or more abnormal values on the OGTT and the
continuation of the disease during pregnancy.

Gruendhammer et al.73 studied 152 women with 1 abnormal
glucose value match controlled to 304 nondiabetic women
with normal OGTT values. They found that women with only
one abnormal OGTT value had increased risk in comparison
to the control subjects. In another study74 untreated one
abnormal and GDM women had significantly higher abnormal
glucose characterstics and an increased rate of adverse perinatal
outcome in comparison to the control subjects. Another study
evaluated the impact of pregnancy with different OGTT
values. There was an LGA rate of 8.8% in the normal group;
untreated one abnormal 19%; treated one abnormal 18.9%,
and GDM 20%. The results demonstrate the increased 
morbidity with any abnormal value on the OGTT and that
most likely the targeted levels of glycemic control were not
achieved in treated patients.75 Therefore, from mild to severe
hyperglycemia defined as abnormal oral glucose tolerance test
(one or more abnormal values), there are significantly higher
rates of perinatal mortality and morbidity when these patients
remain unrecognized and untreated.

Can treatment of GDM improve
adverse outcome?
The potential for successful treatment of diabetes in pregnancy
including GDM will determine pregnancy outcome. Thus,
failure to achieve rate of successful outcome is not due to the
questionable need for treatment but may suggest an inappro-
priate treatment approach. In a prospective quasi-randomized
study24 of 2461 GDM women we compared conventional 
(n = 1316) to intensified therapy (n = 1145). The two diabetic
groups were compared to a nondiabetic control in a ratio 
of 2:1 selected in a randomized approach from our general
population. The conventional therapy consisted of fasting
plasma glucose and 2-h postprandial levels monitored on a
weekly basis at clinic visits. In addition, patients were required
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to perform four times daily, visualized but not verified, self-
monitoring of blood glucose. The women in the intensified
group were selected per memory reflectance meter availability
and instructed to test their blood glucose seven times daily
with a memory reflectance meter to ascertain accurate and
reliable blood glucose information. The study revealed, firstly,
a significant adverse outcome for LGA and macrosomia,
metabolic complications, respiratory complications, and
shoulder dystocia rates when the conventional group was
compared to the intensified therapy group. Secondly, there
was a higher rate of neonatal intensive care unit admission
and length of stay for the conventional group. Thirdly, with
regards to maternal complications, no significant difference
was found in the rates of pre-eclampsia, chronic hypertension
or chorioamnionitis between the three study groups; the 
perinatal outcome variables also included Cesarean section
rates. The above variables were all found to be comparable
between the intensified and the nondiabetic controls.
Fourthly, logistic regression to evaluate the net effect of
potential contributing variables to the rate of macrosomia
revealed that only mean blood glucose, gestational age 
at delivery, previous macrosomia, and previous GDM were
significant, while obesity, parity, and ethnicity were non 
significant for the intensified group (Table 14.3). This study
demonstrated that neonatal macrosomia is related to the 
level of blood glucose and that when this factor is controlled,
the maternal size has minimal or no effect on fetal size in
GDM women.

Persson et al.76 assigned 202 women with GDM randomly
to treatment with diet alone or diet plus insulin. A subgroup
of the diet-treated group (14%) had insulin treatment added
when prescribed limits for hyperglycemia were exceeded on
the diet alone protocol. Frequencey of macrosomia was rela-
tively low and did not differ in the two groups but was not
specifically compared with such events in controls with
normal carbohydrate metabolism. Thirty infants in the diet
group and 40 infants in the insulin group showed one or 
more episodes of neonatal morbidity. The most common was

neonatal hypoglycemia. It is also unclear if the data were 
analyzed with the intent to treat group. Drexel et al.77 reported
their efforts to prevent perinatal morbidity in GDM by 
tight metabolic control. Insulin therapy was initiated without
a trial of diet alone if one or more values during the OGTT
was >200 mg/dL. The therapeutic goals were capillary blood
glucose concentration <130 mg/dL one hour after breakfast,
absence of ketonuria, and weight gain ≤1 kg/month.
When blood glucose concentration exceeded the acceptable
range in diet-treated subjects, insulin treatment was added
(lente, ≥12 U/day). Whereas insulin was used in most subjects,
the frequency of macrosomia was no different in the intensely
treated subjects with GDM (group 2) compared to the normal
control group; the frequency of macrosomia in the group 
of GDM with limited treatment (group 3) was significantly
higher than that in group 2. However, the frequency 
of unphysiological modes of delivery and of neonatal 
morbidity did not differ among the three groups of subjects.
In addition, obesity, an important confounding variable in
several of the studies cited, was not a common feature of these
subjects. The protocol used in this study suggests earlier 
diagnosis and treatment of GDM than is customarily 
practiced in most centers.

Summary
Gestational diabetes in all severity levels (from one abnormal
to maximum values) is associated with decreased insulin 
sensitivity and secretion. Furthermore, the majority of GDM
women are prone to develop metabolic syndrome and Type 2
diabetes later in life.

All GDM severity levels will result in adverse neonatal 
outcome. Short-term neonatal complications include increased
perinatal mortality, metabolic, respiratory, hematological com-
plications, and neonatal trauma. Long-term neonatal implica-
tions include obesity, future diabetes and intellectual
impairment and the early onset of metabolic syndrome.

Summary 115

Table 14.3 Perinatel outcome: Untreated and treated GDM

Langer et al.19 Crowther et al.20

Untreated Treated Untreated Treated

Macrosomia (%) 16.8 7.0 21 10
LGA (%) 29.4 10.7 22 13
Ponderal index (>2.85) (%) 21.7 13.8 — —
NICU admission (%) 24.1 6.0 61 71
Metabolic complications (%) 29.0 10.0 14 16
Respiratory complications (%) 12.0 2.0 4.0 5.0
Shoulder dystocia (%) 2.5 0.9 3.0 1.0
Stillbirth (per 1000) 5.4 3.6 6.0 0.0
C/S (%) 23.7 23.2 32 31

n 555 1110 510 490
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Introduction
Gestational diabetes mellitus (GDM) is defined as carbohydrate
intolerance that begins or is first recognized during pregnancy.1

Although it is a well-known cause of pregnancy complica-
tions, its epidemiology has not been studied systematically.2

One problem is the distinction of GDM, as currently defined,
from pre-existing but un-diagnosed diabetes, so that the
degree of clinical surveillance may have a major impact on the
estimated prevalence of GDM in a given population. This is
especially true in high-risk populations in which the onset of
Type 2 DM occurs at an early age.2 Furthermore, investigators
use different screening programs and diagnostic criteria for
GDM, making comparisons among studies difficult.

In this chapter the reported risk factors for GDM, differences
in its racial distribution and evidence of a genetic or familial
association will be discussed. The close relationship of GDM
to polycystic ovary syndrome (PCOS), the question of the
possibly greater risk of fetal malformations in GDM pregnan-
cies and the effect of an abnormal glucose challenge screening
test (GCT), by itself or together with an impaired glucose 
tolerance (IGT), on obstetric outcome will also be considered.
The risk of hypertensive disorders in diabetic pregnancy and
of future Type 2 DM will also be described.

Racial distribution of gestational
diabetes mellitus
The prevalence of GDM varies in direct proportion to the
prevalence of Type 2 DM in a given population or ethnic
group.1 The reported prevalence of GDM in the United States
(US) ranges from 1 to 14%, with 2–5% being the most
common rate.3 In a study of the prevalence of diabetes and
IGT in diverse populations in women between the ages of
20 and 39, the World Health Organization (WHO) Ad Hoc
Diabetes Reporting Group4 noted lower rates of diabetes 
(<1%) in Bantu (Tanzania), Chinese, rural Indian, Sri Lankan
and some Pacific populations followed (1–3%) by Italian
women, and white, black and Hispanic women in the US.
Rural Fijian Indian and Aboriginal Australian women had a
7% prevalence; the highest rate was found in Pima/Papago
and Nauruan Indians (14–22%). The prevalence of IGT was

low (< 3%) in Chinese and Malays, and was >10% in black and
Hispanic women in the US, urban Indian women in Tanzania,
Pima and Nauruan Indians, and some other Pacific communi-
ties. The combined age-standardized prevalence of diabetes
and IGT ranged from 0 to 36%, with >10% prevalence in one
third of the populations, and >30% prevalence in Pima and
Nauruan Indians. Importantly, in some populations more
than half of the cases of diabetes were undiagnosed prior to
the survey. IGT was mostly overlooked in routine clinical
practice. Thus, a substantial proportion of abnormal glucose
tolerance in pregnancy will be undetected without screening.

King2 summarized the work of several research groups who
had collected data on the prevalence of diabetes in pregnancy
(Table 15.1). Their findings, together with the WHO study, show
that for a given population and ethnicity, the risk of diabetes in
pregnancy reflects the underlying frequency of Type 2 DM.

It remains unclear, however, if this marked racial and 
geographic variation represents true differences in the preva-
lence of GDM, because of the remarkably variable approaches
used across different studies, including different methods of
screening, different oral and intravenous glucose loads, and
different diagnostic criteria. For example, Dooley et al.5

demonstrated that race as well as maternal age and degree of
obesity must be taken into account in comparing the preva-
lence of GDM in different populations. Their study included
3744 consecutive pregnant women who underwent universal
screening. The population was 39.1% white, 37.7% black,
19.8% Hispanic and 3.4% Oriental/other. Black and Hispanic
race, maternal age and percentage ideal body weight had a 
significant independent effect on the prevalence of GDM. The
adjusted relative risk (RR) was higher in black [1.81, 95% con-
fidence interval (CI) 1.13–2.89] and Hispanic (2.45, 95% CI
1.48–4.04) women than in white women. The degree of carbo-
hydrate intolerance was similar across racial groups; neverthe-
less, when the 92 GDM patients under dietary control were
analyzed separately, mean birthweight was found to be highest
in the Hispanic women, and was lowest in the blacks and
Orientals. Hence, race had a significant independent effect on
birthweight, with maternal percentage ideal body weight 
a significant covariate. These findings are supported by 
a recent study showing that Asian woman were more likely 
to have GDM than Caucasian woman (31.7 vs. 14%, P = 0.02),
despite their lower body mass index (BMI).6
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Recently, Silva et al.7 reported on ethnic differences in 
perinatal outcome of GDM. Neonates born to Native-
Hawaiian/Pacific-Islander mothers and Filipino mothers had
four and two times the prevalence of macrosomia, respec-
tively, compared with neonates born to Japanese, Chinese, and
Caucasian mothers. These differences persisted after 
adjustment for other statistically significant maternal and fetal
characteristics. Ethnic differences were not observed for 
other neonatal or maternal complications associated with
GDM, with the exception of neonatal hypoglycemia and
hyperbilirubinemia. the authors concluded that this finding
emphasizes the need to better understand ethnic-specific 
factors in GDM management and the importance of
developing ethnic-tailored GDM interventions to address
these disparities.

Risk factors for gestational 
diabetes mellitus
The traditional and most often reported risk factors for GDM
are high maternal age, weight and parity, previous delivery of
a macrosomic infant and a family history of diabetes. These
and other reported risk factors are summarized in Table 15.2.
It is of great importance that the clinician understand and 
use these characteristics, along with others, such as the racial
and geographic attributed risk (discussed above), to improve
screening programs and diagnostic accuracy, and perhaps 
to design better and more cost-effective selective screening
and diagnostic tests.

Jang et al.8 examined 3581 consecutive Korean women and
found a 2.2% prevalence of GDM. The affected women were
older, had higher prepregnancy weights, higher BMI, higher
parities and higher frequencies of known diabetes in the family.
The risk of diabetes was closely associated with previous
obstetric outcome, such as congenital malformation, stillbirth,
and macrosomia. The number of risk factors present in each
individual increased the risk of diabetes, with the prevalence
ranging from 0.6% in subjects without any risk factors to 
33% in those with four or more. Thus, it is possible that selec-
tive screening may be cost-effective in situations where health
resources are scarce and where total screening is impossible.2

Similar results were reported in a retrospective cohort
study of 2574 pregnant women, which suggested that selective
screening programs have a high true-positive yield.8 An age of
≥ 30, a family history of diabetes, obesity (BMI ≥ 27) and pre-
vious fetal macrosomia were the most frequent risk factors.
Just over half (54.2%) of the population presented with one or
more risk factors. The positive predictive value (PPV) of
screening increased with the number of risk factors, from 
12% for the women with no risk factors to 40% for those with
three or more risk factors.9

In another study, Jang et al.10 demonstrated that in the
racially homogeneous population of Seoul, Korea, besides 
pre-pregnancy BMI, age, weight gain and parental history of
diabetes, short stature is an independent risk factor for GDM.
Accordingly, Kousta et al.11 reported that European and South
Asian women with previous GDM were shorter than control
women from the same ethnic groups, perhaps due to a
common pathophysiological mechanism underlying GDM
and the determination of final adult height. Others have
reported similar results.12

In a large retrospective cohort study in Canada, Xiong et al.13

evaluated 111,563 pregnancies and detected a 2.5% prevalence
of GDM. The risk factors identified were age >35 years,
obesity, history of prior neonatal death, and a prior Cesarean
section. Interestingly, teenage mothers and women who drank
alcohol were less likely to have GDM.

The risk factors mentioned above are mainly of maternal
origin. However, cumulative knowledge about the long-term
implications of exposure to the diabetic intrauterine environ-
ment (see Chapter 23) has led to the addition of the mother’s
fetal history to the risk factor list. Egeland et al.14 investigated
whether the mother’s own characteristics at birth could 
predict her subsequent risk of GDM. Using linked generation
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Table 15.1 Prevalence of gestational diabetes 
mellitus as a percentage of all pregnancies

Population Prevalence (%)

United States
All ethnicities 4.0
Zuni Indian 14.3

California, US
Chinese 7.3
Hispanic 4.2
African 1.7
Non-Hispanic white 1.6

Mexico 6.0
Melbourne, Australia

Australian-born 4.3
Vietnam-born 7.8
Indian-born 15.0
African-born 9.4
Mediterranean-born 7.3
Arabian 7.2
Chinese 13.9
Northern European 5.2
Northern American 4.0

Illawarar, Australia
All ethnicities 7.2
Asian 11.9

London, UK
Caucasion 1.2
African 2.7
Asian 5.8

Scandiano, Italy 2.3
Israel

Jewish 5.7
Bedouin 2.4

Karachi, Pakistan 3.5
South India 0.6
Pietermaritzburg, South Africa

Predominantly Indian 3.8
Taipei, Taiwan

Chinese 0.6
Hyogo, Japan 3.1

(From King,2 with permission.)
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Table 15.2 Summary of reported risk factors for gestational diabetes mellitus

Risk factor Author (reference) Study and population Results

MATERNAL FACTORS
Older age

Jang et al.7 Universal screening with a 50-g Mean age of GDM and normal control groups, 
glucose load at 24–28 weeks 31.7±4.0 and 28.9±3.3 years, 
gestation of 3581 consecutive respectively (P < 0.001)
Korean women. At 1-h plasma 
glucose ≥ 130mg/dl, they 
underwent a 3-h 100-g OGTT. 
GDM prevalence was 2.2% (80 
cases of GDM vs. 3432 normal
controls)

Jang et al.9 Same as above in 9005 pregnant Mean age of GDM and IGT groups versus normal 
women. GDM prevalence was controls, 31.1±4.2, 29.4±3.5, and 28.5±3.4 years,
1.9% (173 GDM, 1735 IGT and respectively (P < 0.001)
6955 normal controls)

Jimenez- Retrospective cohort study on Among GDM patients 41.8% were older than 
Moleon et al.8 2574 pregnant women 30 years of age, whereas 26.2% were younger 

than 25 years of age. The PPV of the screen 
for a single risk factor was 22.9 (95% CI 16.9–29.8)

Xiong et al.12 Retrospective cohort study on Age > 35 years in 22.4 and 10.3% of GDM 
111,563 deliveries between and normal patients, respectively (adjusted 
1991 and 1997 in 39 hospitals  OR = 2.34, 95% CI 2.13–2.58)
in Canada Average prevalence  
of GDM was 2.5% (2755 cases  
of GDM vs. 108,664 normal 
controls)

Egeland et al.13 Medical Birth Registry of GDM prevalence of 2.5%; age > 35
Norway study of all women 
born between 1967 and 1984 
who gave birth between 1988 
and 1998 (n = 141,107), 
excluding 2393 non-singleton
pregnancies

Bo et al.20 126 pregnant women with Prevalence of GDM increased with age, from 1.5 per
GDM, 84 with IGT and 294 1000 deliveries for women aged ≤ 20 to 4.2 for
with normal glucose tolerance women aged ≥ 30 (OR = 2.8, 95% CI 1.9–4.3)

Jolly et al.80 Retrospective analysis of Mean age of GDM, IGT and normoglycemic 
385,120 singleton pregnancies groups, 33.0±4.8, 33.0±4.9, and 31.8±4.4 years,

respectively (P = 0.02)
Lao et al.81 Prospective study of 97 GDM Pregnant women aged between 35 and 40 were 

patients and 194 matched at increased risk of GDM (OR = 2.63, 99% CI 
controls examined at the time 2.40–2.89)
of OGTT at 28–31 weeks 
gestation for serum ferritin, iron 
and transferrin concentrations. 
Managing obstetricians blinded 
to results

High parity
Jang et al.7 As described above Mean parity of GDM and normal control groups, 0.6±0.9 

and 0.4±0.5, respectively (P < 0.05)
Jang et al.9 As described above Parity ≥ 2 in 9.8% of GDM, 4.7% of IGT groups and 

2.6% of controls (P < 0.001)
Egeland et al.13 As described above Age-adjusted OR (95% CI) for women with two, three, 

four or more deliveries compared with one delivery 
were 1.5 (1.2–1.9), 1.9 (1.4–2.5), and 3.3 (2.1–5.1), 
respectively

Pre-pregnancy weight
Jang et al.7 As described above Mean weight of GDM and normal control groups, 

56.4±9.2 and 51.6±6.4 kg, respectively (P < 0.001)
Jang et al.9 As described above Mean weight of GDM and IGT groups versus normal 

controls, 56.5±9.5, 52.4±7.2 and 51.6±6.4 kg, 
respectively (P < 0.001)

Jimenez- As described above BMI > 27 in 12.3% of GDM patients. PPV of the screen 
Moleon et al.8 for a single risk factor was 32.5 (95% CI 22.4–43.9)
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Table 15.2 Summary of reported risk factors for gestational diabetes mellitus—(cont’d)

Risk factor Author (reference) Study and population Results

Pregnancy weight
Xiong et al.12 As described above Obesity ≥ 91kg detected in 15.8 and 7.3% of GDM and 

normal groups, respectively (adjusted OR = 2.40, 95% 
CI 2.06–2.98)

Pregnancy weight gain
Jang et al.9 As described above Mean weight gain of GDM, IGT and normal control groups,

of 8.4±3.9, 8.3±3.3, and 8.1±8.1kg, respectively (NS)
Body mass index

Jang et al.7 As described above Only 1.3% of population was obese, but GDM prevalence 
increased significantly with increasing BMI. BMI ≥ 27 in 
8.8% of GDM and 1.1% of control group (P < 0.001)

Jang et al.9 As described above BMI ≥ 27.3 in 9.8% of GDM, 2.4% of IGT and 1.0% of 
controls (P < 0.001)

Bo et al.20 As described above Mean BMI in GDM, IGT, and normoglycemic group, 
25.4±5.3, 26.0±5.5, and 23.6±4.6, respectively 
(P = 0.002)

Kousta et al.24 91 previous GDM and 73 Women with previous GDM had higher BMI [26.4 (22.8–
normoglycemic control women, 31.4) 31.4 vs. 23.8 (21.0–27.5), P = 0.002] and waist:hip 
a median (interquartile range) of ratio [0.82 (0.79–0.88) vs. 0.77 (0.73–0.81), 
20 (11–36) and 29 (17–49) P < 0.0001] than controls
months postpartum, respectively

Holte et al.23 34 women with GDM 3–5 years GDM patients had higher BMI than controls (25.2 vs. 
before the investigation and 22.2, P < 0.001)
36 controls with uncomplicated 
pregnancies, selected for similar 
age, parity and date of delivery

Short stature
Jang et al.7 As described above Mean height of GDM and normal control groups, 

158.1±4.8 and 159.7±4.2cm, respectively (P < 0.001)
Jang et al.9 As described above ≤ 157cm, the OR for GDM was two times greater 

compared to the ≥ 163cm group, even after controlling 
for age and BMI

Kousta et al.10 346 women with previous GDM European and South Asian women with previous GDM 
and 470 controls with no were shorter than control women from the same 
previous history of GDM ethnic groups (European: 162.9±6.1 vs. 165.3±6.8 cm, 

P < 0.0001; South Asian: 155.2±5.4 vs. 158.2±6.3 cm, 
P = 0.003, adjusted for age)

Bo et al.20 As described above GDM, IGT and normoglycemic groups had a mean height 
of 1.62±0.06, 1.61±0.006, and 1.63±0.07cm, 
respectively (P = 0.02)

Branchtein et al.11 5564 Brazilian women Height < 150 cm associated with a 60% increase in the 
odds of GDM, independently of age, obesity, skin 
color, parity, family history, and previous GDM

Low birthweight
Egeland et al.13 As described above Birthweight < 2500 a risk factor for GDM with OR = 9.3, 

(95% CI 4.1–21.1, P < 0.001), as was weight for 
gestational age (centiles) < 10 with OR = 1.7, 
(95% CI 1.2–2.5)

αα-thalassemia trait
Lao and Ho21 Retrospective case–control GDM incidence higher in the study group (62.0 vs. 14.7%, 

study: 163 women with P < 0.0001, OR = 11.74, 95% CI 6.37–21.63)
α-thalassemia trait compared
to 163 controls matched for 
maternal age and parity, 
following each index case

PCOS
Holte et al.23 As described above Compare with controls, GDM patients showed a higher 

prevalence of polycystic ovaries [14 of 34 (41%) vs. 1 
of 36 (3%)]; greater clinical and biochemical evidence 
of hyperandrogenism and insulin resistance; and a higher 
prevalence of pregnancy-induced hypertension (50 vs. 
15%; P < 0.05) during the index pregnancy; 
15% developed overt diabetes

Continued
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Table 15.2 Summary of reported risk factors for gestational diabetes mellitus—(cont’d)

Risk factor Author (reference) Study and population Results

Anttila et al.25 Retrospective comparative 14 women with GDM (44%) and two controls exhibited 
ultrasound study of ovaries in PCOS
31 women with GDM and 30 
healthy controls matched for 
maternal age and BMI

Kousta et al.24 As described above Higher prevalence of PCOS in previous GDM group than 
controls [47 of 91 (52%) vs. 20 of 73 (27%), P = 0.002 
overall, OR = 2.7, P = 0.007 by logistic regression 
allowing for ethnicity]

Mikola et al.26 Retrospective study of 99 GDM developed in 20% of PCOS patients and 8.9% of 
pregnancies in women with controls (P < 0.001). BMI > 25 an important predictor 
PCOS compared with an of GDM (adjusted OR = 5.1; 95% CI 3.2–8.3), as is 
unselected control population PCOS (adjusted OR = 1.9; 95% CI 1.0–3.5)

Koivunen et al.27 33 women with a history of Higher prevalence of PCOS in GDM group (39.4% vs. 
GDM and 48 controls 16.7%, P = 0.03); also higher serum cortisol, 

androgens and a greater area 
under the glucose curve

High intake of saturated fat
Bo et al.20 As described above Only percentages of saturated fat (OR = 2.0, 95% CI 

1.2–3.2) and polyunsaturated fat (OR = 0.85, 95%, CI 
0.77–0.92) were associated with gestational 
hyperglycemia, after adjustment for age, gestational 
age and BMI

FAMILY HISTORY
Familial history of diabetes

Jang et al.7 As described above 35% of GDM vs. 15.4% of normal controls (P < 0.001)
Jang et al.9 As described above 30.1% of GDM, 17.6% of IGT and 13.2% of normal 

controls (P < 0.001)
Jimenez- Moleon As described above 14.8% of GDM patients. PPV of screen for a single risk 

et al.8 factor = 25.9 (95% CI 16.8–36.9)
Bo et al.20 As described above 41% of GDM, 33% of IGT and 28% of normal controls 

(P = 0.04)
Holte et al.23 As described above First-degree heredity of NIDD more prevalent in previous 

GDM than control group (24 vs. 6%, P < 0.05)
GDM in subject’s mother

Egeland et al.13 As described above GDM rate 30.6 (per 1000 women) in women whose 
mother had GDM versus 3.5 in controls (OR = 9.3, 95%
CI 4.1–21.1)

PREVIOUS OBSTETRIC OUTCOME
Congenital malformation

Jang et al.7 As described above GDM in 20.7% of patients who had previous  
malformation versus 2.4% of patients who did not (OR =
22.5, 95% CI 7.15–70.96)

Stillbirth
Jang et al.7 As described above GDM in 14.3% of patients who had previous stillbirth 

versus 2.6% of patients who did not (OR = 8.5, 95% CI 
2.35–30.78)

Xiong et al.12 As described above Previous neonatal death in 1.3% of GDM group versus 0.6%
of controls (adjusted OR = 2.09, 95% CI 1.06–1.34)

Macrosomia
Jang et al.7 As described above GDM in 9.3% of patients who had previous macrosomia 

versus 2.5% of patients who did not (OR = 5.8, 
95% CI 1.98–17.02)

Jimenez-Moleon As described above OR = 5.8 in patients who had previous macrosomia – 4.9% 
et al.8 of GDM patients. The PPV of the screen for a single 

risk factor was 37.5 (95% CI 21.1–56.3)
Cesarean section

Xiong et al.12 As described above Previous CS in 14.8% of GDM group and 10.1% of 
controls (adjusted OR = 1.55, 95% CI 1.11–1.25)

Previous GDM
MacNeill et al.44 A retrospective longitudinal Recurrence of GDM in 35.6% (95% CI 31.9–39.3%). Infant 

study including 651 women birthweight in the index pregnancy and maternal 
pre-pregnancy weight were predictive of recurrent GDM
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Table 15.2 Summary of reported risk factors for gestational diabetes mellitus—(cont’d)

Risk factor Author (reference) Study and population Results

Major et al.45 78 patients with previous GDM Recurrence rate 69%; more common with parity ≥1, 
BMI ≥30, GDM diagnosis at ≤ 24 weeks gestation, 
insulin requirement, weight gain of ≥ 7 kg (c. 15 pounds)
and interval between pregnancies ≤ 24 months

Spong et al.46 164 Hispanic patients with Recurrence rate 68%; more common with earlier diagnosis 
previous GDM of GDM, requirement of insulin and hospital 

admissions in index pregnancy
Foster-Powel and Retrospective review of 540 117 women had a subsequent pregnancy with recurrent 

Cheung79 women GDM in 82 (70%). Risk factors were older age,
race, BMI, and weight gain

PREGNANCY FACTORS
High blood pressure in pregnancy

Ma and Lo14 Retrospective study of 84 MAP was increased from 28 weeks until delivery in 
pregnant women with normal gestational diabetics (n = 50) as compared with controls 
and abnormal antenatal OGTT (n = 34). The OGTT fasting glucose value significantly 
results who delivered in a correlated with MAP at 32 and 36 weeks gestation
12-month period

Multiple pregnancy
Sivan et al.29 103 women with consecutive Higher GDM rate in the triplet than the reduction group 

triplet pregnancies, compared to (22.3 vs. 5.8%)
85 women who elected to 
undergo fetal reduction to twins

Schwartz et al.30 Total 29,644 deliveries, 429 GDM increased in twin versus singleton deliveries (7.7 vs.
twins 4.1%, P < 0.05)

Hoskins28 3458 recorded twin live births. Estimated risk for DZ twin pregnancies relative to MZ 
Calculated zygocity rate pregnancies of 8.6 (95% CI 3.5–21.0)
according to sex ratios

Wein et al.31 61,914 singleton and 798 twin GDM prevalence of 7.4% in twins vs. 5.6% in singletons 
pregnancies (P = 0.025)

Increased iron stores
Lao et al.81 As described above Log-transformed ferritin concentration was a significant 

determinant of OGTT 2-h glucose value
PROTECTIVE FACTORS
Young age

Xiong et al.12 As described above Age = 19 years in 2.6 and 8.5% of GDM and normal 
patients, respectively (adjusted OR = 0.35, 95% CI 
0.27–0.44)

Alcohol use
Xiong et al.12 As described above Alcohol use in 0.7 and 2.0% of GDM and normal 

patients, respectively (adjusted OR = 0.40, 95%  
CI 0.25–0.76)

BMI, Body mass index; CI, confidence interval; CS, Caesarean section; DZ, dizygotic; GDM, gestational diabetes mellitus; IGT, impaired glucose
tolerance; MAP, mean arterial pressure; MZ, monozygotic; NIDDM, noninsulin-dependent diabetes mellitus; NS, non-significant; OGTT, oral 
glucose tolerance test; OR, odds ratio; PPV, positive predictive value.

data from the Medical Birth Registry of Norway for all women
born between 1967 and 1984, who gave birth between 1988
and 1998, the authors identified 498 women aged < 32 years
with GDM in one or more singleton pregnancies. They found
that the women whose mothers had had diabetes during preg-
nancy were at increased risk of GDM themselves. Significant
inverse trends in diabetes were noted in relation to birth-
weight, with an increased risk of GDM of 80, 60 and 40% in
women whose birthweights were ≤ 2500, 2500–2999 and
3000–3499 g, respectively, compared with women in the
4000–4500 g group. Similar findings were observed for cate-
gories of weight for gestational age.

Is GDM a cause or an effect? A retrospective study from
Hong Kong15 in 84 normotensive women showed that progres-
sive glucose intolerance throughout pregnancy is associated
with an upward shift in blood pressure in the third trimester.
Hence, it is possible that blood pressure changes below the
diagnostic threshold for hypertensive disorders of pregnancy
may help to identify women at increased risk of GDM.

The relationship between dietary fat and glucose metabolism
has been recognized for many years. Epidemiological data in
humans suggest that subjects with a higher fat intake are more
prone to disturbances in glucose metabolism.16 Several
researchers have hypothesized that polyunsaturated fatty acid
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plays an essential role in the maintenance of energy balance
and, through regulation of gene transcription, may improve
insulin resistance.17–19 A recent small study reported signifi-
cantly lower cord vein erythrocyte phospholipid fatty acid con-
centrations in 13 women with GDM compared to 12 women
with normal pregnancies.20 Accordingly, Bo et al.21 investigated
the relationship between lifestyle habits and glucose abnormal-
ities in 504 Caucasian women with and without conventional
risk factors for GDM. They identified 126 women with GDM
and 84 with IGT. These patients were older and shorter than the
women with normal pregnancies, and had significantly higher
prepregnancy BMI, higher rates of diabetes in first-degree rela-
tives and higher intakes of saturated fat. In a multiple logistic
regression model, all of these factors were associated with glu-
cose abnormalities, after adjustment for gestational age. In the
patients without conventional risk factors, only the percentages
of saturated fats [odds ratio (OR) = 2.0, 95% CI 1.2–3.2) and
polyunsaturated fats (OR = 0.85, 95% CI 0.77–0.92) were asso-
ciated with gestational hyperglycemia, after adjustment for age,
gestational age and BMI. Thus, the allegedly independent role of
saturated fat in the development of gestational glucose abnor-
malities takes on greater importance in the absence of conven-
tional risk factors. This suggests that glucose abnormalities
could be prevented in some groups of women during pregnancy.

A possible expression of the still unknown genetic linkage in
GDM was reported by Lao and Ho,22 who detected GDM in
62% of 163 women with the α-thalassemia trait compared to
14.7% out of 163 controls matched for maternal age and parity.

Polycystic ovary syndrome and
gestational diabetes mellitus
PCOS is a heterogeneous disorder affecting 5–10% of women
of reproductive age. It is characterized by chronic anovulation
with oligo-/amenorrhea, infertility, typical sonographic
appearance of the ovaries, and clinical or biochemical hyper-
androgenism. Insulin resistance is present in 40–50% of patients,
especially in obese women.23

Holte et al.24 reported a higher rate of ultrasonographic,
clinical, and endocrine signs of PCOS in 34 women who had
had GDM 3–5 years before, compared to 36 matched controls
with uncomplicated pregnancies. Five of the women (15%)
with previous GDM had developed manifest diabetes. The
authors concluded that women with previous GDM and PCOS
may form a distinct subgroup from women with normal
ovaries and previous GDM, who may be more prone to
develop features of insulin-resistance syndrome.

Many other researchers reported similar results. Kousta 
et al.25 found a higher prevalence of PCOS in 91 women with
previous GDM compared to 73 normoglycemic control
women (52 vs. 27%, P = 0.002), and Anttila et al.26 reported 
a 44% prevalence of PCOS in women with GDM, with no 
differences in BMI before pregnancy or in weight gain during
pregnancy compared to controls. They suggested a screening
program for GDM for these patients.

Mikola et al.27 retrospectively evaluated 99 pregnan-
cies in women with PCOS compared with an unselected 
control population. The average BMI and the nulliparity rate

were higher in the PCOS group, as was the multiple pregnancy
rate (9.1 vs. 1.1%). GDM developed in 20% of the patients
with PCOS but only in 8.9% of the controls (P < 0.001).
A BMI > 25 was the best predictor of GDM (adjusted OR = 5.1,
95% CI 3.2–8.3), and PCOS was an additional independent
predictor (adjusted OR = 1.9, 95% CI 1.0–3.5).

Koivunen et al.28 found that compared with 48 control
women, 33 women with previous GDM more often had 
significantly abnormal oral glucose tolerance tests (OGTT),
higher prevalences of polycystic ovaries (39.4 vs. 16.7%,
P = 0.03), higher serum concentrations of cortisol,
dehydroepiandrosterone and dehydroepiandrosterone sulfate,
and a greater area under the glucose curve.

Multiple pregnancy and gestational
diabetes mellitus
The number of fetuses in multifetal pregnancies is expected 
to influence the incidence of GDM owing to the increased 
placental mass and, thereby, the increase in diabetogenic 
hormones. However, the reports are somewhat conflicting,
probably because of the heterogeneous populations studied.

In an interesting study of the prevalence of GDM in 
dizygotic (DZ) twin pregnancies with two placentae compared
to monozygotic (MZ) twin pregnancies with one placenta,
Hoskins29 evaluated 3458 recorded twin deliveries and found
that a higher proportion of different-sex compared with
same-sex twin pregnancies were complicated by GDM (3.5 vs.
1.6%). The estimated risk for DZ twin pregnancies relative 
to MZ pregnancies was 8.6 (95% CI 3.5–21.0). The impact of
fetal reduction on the incidence of GDM may support this
theory. Sivan et al.30 examined 188 consecutive triplet 
pregnancies of which 85 were reduced to twins. The rate of
GDM was significantly higher in the triplet group than in the
reduction group (22.3 vs. 5.8%).

Similar results were reported by Schwartz et al.31 in a study
of 29,644 deliveries. They found that GDM was significantly
more frequent in the 429 twin deliveries (7.7 vs. 4.1%,
P < 0.05). However, insulin requirements were not different,
suggesting a minor clinical impact. Wein et al.32 compared the
prevalence of GDM between 61,914 singleton and 798 twin
deliveries performed between 1971 and 1991. The difference
was significant only for the earlier decade (5.6 vs. 7.4%,
P = 0.025). However, in a follow-up program there was a trend
toward a higher prevalence of overt diabetes in the women who
had had a diabetic twin pregnancy (18.5%) compared to those
who had had a diabetic singleton pregnancy (7.4%). Whether
this represents a true increased risk for diabetes is unknown.

By contrast, using data derived from the Medical Birth
Registry of Norway, Egeland and Irgens,33 controlling for
other risk factors such as advanced age, parity, maternal 
history of diabetes and the woman’s own birthweight, found
GDM in 6.6 per 1000 multiple pregnancies (n = 9271) and in
5.0 per 1000 singleton pregnancies (n = 640,700) (OR = 1.3,
95% CI 1.0–1.7, P = 0.03). However, analyses stratified by
maternal age or parity yielded no elevated risk of GDM.
Others have also failed to demonstrate a higher prevalence of
GDM in multiple pregnancies.34,35
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Genetic factors
Animal studies have shown that female fetuses exposed to a dia-
betic intrauterine milieu have an increased risk of subsequent
GDM. In a family history study, Harder et al.36 reported a sig-
nificantly greater prevalence of diabetes (mainly Type 2 DM) in
the mothers of women with GDM than in their fathers. A sig-
nificant aggregation of Type 2 DM was also observed in the
maternal–grandmaternal line compared to the paternal–
grandpaternal line. However, in patients with IDDM there was
no significant difference in the prevalence of any type of dia-
betes between mothers and fathers. Therefore, a history of Type 2
DM on the mother’s side might be considered as a particular
risk factor for GDM via ‘intergenerative transmission’ of Type 2
DM, which might be prevented by strict avoidance of GDM.

Dorner et al.37 reported a significantly decreased familial
diabetes aggregation on the maternal side in children with
Type 1 DM born between 1974 and 1984 compared to those
born between 1960 and 1973. This finding was explained by
the improved prevention of hyperglycemia during pregnancy
since 1974, and particularly of GDM in women with familial
diabetes aggregation. These authors also noted a highly signif-
icant predominance of Type 2 DM in the great-grandmothers
of individuals with infantile-onset diabetes compared to the
paternal side. They suggested that GDM, which may represent
a risk factor for diabetes transmission on the maternal side, is
often followed by ‘extra-gestational’ Type 2 DM at a later age.
Like Harder et al.,36 these authors suggested that their findings
were consistent with the suspected teratogenetic effect of
GDM on diabetes susceptibility in the offspring, and that this
was preventable by avoiding hyperglycemia in pregnant
women and hyperinsulinism in fetuses.

Histocompatibility leukocytic antigen (HLA) studies are
one way to establish a genetic linkage in certain diseases. In
GDM, conflicting results have been reported. Kuhl38 described
similar frequencies of HLA DR2, DR3 and DR4 antigens in
healthy pregnant women and women with GDM, and low
prevalences of markers of autoimmune destruction of the 
beta cells in GDM pregnancies. Likewise, Vambergue et al.,39 in
a study of 95 women with GDM, 95 with IGT and 95 control
pregnant women, found no significant difference in the 
distribution of HLA class II polymorphism among the groups.
However, the GDM and IGT groups presented some 
particular HLA patterns, pointing to a genetic heterogeneity of
glucose intolerance during pregnancy.

Lapolla et al.40 evaluated 68 women with GDM and matched
controls for the frequency of HLA A, B, C and DR antigens;
the only significant differences were an increase in Cw7 and a
decrease in A10 in the GDM group. Budowle et al.41 reported
that the Bf-F allele was found significantly less frequently in non-
obese black women with GDM compared to controls, and sug-
gested similar genetic associations in non-obese black women
with GDM and with IDDM. Similarly, in another study, women
with GDM who required insulin for glycemic control had a lower
frequency of the Bf-F phenotype and a higher frequency of the
Bf-f1 phenotype; they also had a lower frequency of the type 2
allele at the polymorphic locus adjacent to the insulin gene.42

Freinkel et al.43 evaluated 199 women with GDM and 
148 patients with normal pregnancies, and found that the HLA

DR3 and DR4 antigens occurred significantly more often in
black women with GDM. Ferber et al.,44 in an analysis of
184 women with GDM, did not find an elevation in the fre-
quency of any HLA class II alleles in GDM patients compared
with nondiabetic unrelated subjects. However, the DR3 allele
was noted significantly more frequently in 43 women with islet
autoantibodies and in the 24 women who developed Type 1
DM postpartum. The cumulative risk of developing IDDM
within 2 years after pregnancy in the GDM women with DR3
or DR4 was 22%, and in the women without these alleles was
7% (P = 0.02). The risk rose to 50% in the DR3- and DR4-
positive women who had required insulin during pregnancy
(P = 0.006). These results indicate that women with GDM who
have islet autoantibodies at delivery or develop Type 1 DM
postpartum have HLA alleles typical of late-onset Type 1 
diabetes, and that both HLA typing and islet antibodies can
predict the development of Type 1 DM postpartum.

Recurrence of gestational 
diabetes mellitus
MacNeill et al.45 conducted a retrospective longitudinal study
of 651 women who had had a diabetic pregnancy and at least
one other thereafter. They found a 35.6% recurrence rate of
GDM. Multivariate regression models showed that infant
birthweight in the index pregnancy and maternal weight before
the subsequent pregnancy were predictive of recurrent GDM.

Higher recurrence rates (69% of 78 patients) were reported
by Major et al.46 Recurrence was more common when the fol-
lowing variables were present in the index pregnancy: parity ≥ 1
(OR = 3.0), BMI ≥ 30 (OR = 3.6), GDM diagnosis ≤ 24 weeks
gestation (OR = 20.4) and insulin requirement (OR = 2.3).
A weight gain of = 7 kg (c. 15 pounds) (OR = 2.9) and an inter-
val between pregnancies of ≤ 24 months (OR = 1.6) were also
associated with a recurrence of GDM. Spong et al.47 found a
similarly high recurrence rate of 68% in 164 women with
GDM. Risk factors for recurrence in this study were earlier
diagnosis of GDM, insulin requirement and hospital admis-
sions in the index pregnancy. Nohira et al.48 evaluated the
recurrence rate and risk factors of recurrent GDM. In 
32 patients with GDM and 37 with one abnormal OGTT value
(OAV) in their index pregnancies. The recurrence rate from
index GDM and OAV were 65.6 and 40.5%. Age, BMI before
pregnancy, an increased weight gain between pregnancies and
a short interval between pregnancies were risk factors for recur-
rence from the initial GDM. An increased weight gain between
pregnancies and a short interval between pregnancies were risk
factors of development to GDM from the initial OAV. They 
concluded that the control of weight gain and interval between
pregnancies could be important to reduce GDM recurrence.

Impaired glucose tolerance as a risk
factor of adverse outcome
The cut-off level of glycemia beyond which the risk of an
adverse outcome of pregnancy is increased is of major clinical
importance in the management and initiation of therapy.
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Nasrat et al.49 examined pregnancy outcome in 212 women
with IGT and 212 women with normal glucose tolerance.
They found a higher mean age and higher parity in the IGT
group. The babies in this group also had higher birthweights,
lower levels of capillary blood glucose and higher hematocrit.
Nevertheless, the proportion of babies with birthweights 
≥ 2 standard deviations (SD) above the mean, neonatal 
capillary blood glucose < 28 mg/dL and hematocrit ≥ 65% was
equal in the two groups. Therefore, the authors concluded that
IGT does not lead to any adverse outcome. Similar findings
were reported by Ramtoola et al.,50 who failed to find an excess
perinatal mortality in 267 pregnant women with IGT com-
pared with a background population. The mean birthweight
was significantly higher in the babies born to women with
GDM and gestational IGT than in the background population,
but not in the babies of women with pregestational diabetes.
The incidence of macrosomia was highest in the GDM group
and it was also significantly increased in the pregestational dia-
betes group, but not in the IGT group, even though the latter
had the highest gestational age at delivery. Both hypoglycemia
and hyperbilirubinemia were significantly more common in
the infants of women with pregestational and gestational 
diabetes than in the infants of women with gestational IGT.

By contrast, Moses and Calvert51 suggested that the 
clinically optimal level for glycemia during pregnancy should
be as near to normal as possible. They studied the proportion
of assisted deliveries and the proportion of infants admitted 
to special care in relation to the range of glucose tolerance,
and found an association between glycemia and both 
outcomes. For assisted deliveries, risk increased only in the
higher range (126–142 mg/dL), but for admission to special
care there was a linear trend.

Conflicting results were also reported by others. Al-Shawaf
et al.52 found that women with gestational IGT were older 
and more obese, had higher parities and had heavier babies
than pregnant women with normal screening plasma glucose.
Roberts et al.53 found no significant difference in the incidence
of antenatal complications between mothers with normal 
glucose tolerance and IGT (n = 135 each). Although the IGT
group had higher rate of induced labor and Cesarean section,
there was no between-group difference in fetal outcome or
neonatal morbidity. Tan and Yeo,54 in a retrospective analysis of
944 women with IGT in pregnancy (8.6%) with 10,065 women
with normal pregnancies, noted that even when maternal age
and obesity were excluded, the IGT group had a significantly
higher risk of labor induction (RR = 1.15); Cesarean section
(RR: overall = 1.43, elective = 1.72, emergency = 1.31); Cesarean
section for dystocia/no progress (RR = 1.60), macrosomia 
(RR = 1.69, 1.76 and 1.61 for birthweights = 97th, 95th and 90th

percentiles, respectively) and shoulder dystocia (RR = 2.84).
The risk of hypertensive disease (RR = 1.22) and Cesarean 
section for fetal distress/thick meconium-stained amniotic
fluid (RR = 1.53) were also higher in the IGT group, but the dif-
ferences were not statistically significant when maternal age and
obesity were excluded. There was no significant difference in the
rates of low Apgar scores at 1 and 5 min between the two groups.

It is possible that some of the adverse outcomes associated
with excess maternal weight were in fact related to GDM. It is
also possible that some of the complications attributed to GDM,

especially the milder form of IGT, were actually related to
excess maternal weight. Jacobson and Cousins55 reported that
good glycemic control did not normalize birthweight 
percentiles and that maternal weight at delivery was the only
significant predictor of birthweight percentile. Thus, IGT diag-
nosed for the first time in pregnancy might only be a feature of
excess maternal weight but not in itself a pathological 
condition. The clinical significance of IGT has also been 
disputed.48,56 Lao and Ho,57 in a retrospective case–control
study, examined the impacts of IGT on the outcome of single-
ton pregnancies in 128 Chinese women with a high BMI (> 26)
and IGT, compared with 128 women with matched high BMI
and normal OGTT results. The IGT group was older, with
more previous pregnancies, higher incidences of previous GDM,
and higher hemoglobin and fasting glucose concentrations.
There were no differences in the prepregnancy weight,
gestational weight gain or weight or BMI at delivery, and no dif-
ference in obstetric complications, mode of delivery, or gesta-
tional age or mean infant birthweight. However, the birthweight
ratio (relative to mean birthweight for gestation), incidence of
large-for-gestational-age (LGA) infants (birthweight > 90th

percentile) and macrosomic infants (birthweight ≥ 4000 g), and
events of treated neonatal jaundice were all significantly higher
in the IGT group. Thus, some of the complications attributed to
GDM are probably related to maternal obesity, but IGT could
still affect infant birthweight despite dietary treatment that 
normalizes maternal gestational weight gain.

In another recent study of 2904 pregnant women the follow-
ing outcomes measures increased significantly with increasing
glucose values on the OGTT: shoulder dystocia, macrosomia,
emergency Cesarean section, assisted delivery, hypertension,
and induction of labor.58 However, when corrections were
made for other risk factors, hypertension and induction of
labor were only marginally associated with glucose levels.

Aberg et al.59 conducted a population-based study of mater-
nal and neonatal characteristics and delivery complications in
relation to findings for the 75-g, 2-h OGTT at 25–30 weeks
gestation. The OGTT value was < 140 mg/dL in 4526 women,
140–162 mg/dL in 131 women and ≥ 162 mg/dL in 116 women
with GDM. An additional 28 cases of GDM were identified,
giving a prevalence of 1.2%. An increased rate of Cesarean 
section and infant macrosomia was observed in the group
with a glucose tolerance of 140–162 mg/dL and in the GDM
group. Advanced maternal age and a high BMI were found to
be risk factors for increased OGTT values.

Abnormal glucose tolerance test 
as a risk factor for adverse 
pregnancy outcome
Is an abnormal GCT alone, without GDM, a risk factor for
adverse pregnancy outcome? Using fetal weight and anthropo-
metric characteristics as their parameters, Mello et al.60

evaluated 1615 white women with singleton pregnancies who
underwent universal screening for GDM in two periods of
pregnancy. They divided the population into three groups
according to the GCT results: (1) 172 patients with abnormal
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GCT in both periods; (2) 391 patients with a normal GCT in
the early period and an abnormal GCT in the late period; and
(3) 1052 patients with a normal GCT in both periods (control
group). The incidence of LGA infants was significantly higher
in group 1 (40.7%) and group 2 (22.0%) than in the control
group (8.3%), and significantly higher in group 1 than in
group 2. The newborns of group 1 had higher birthweights
than those of group 2 and the control group, and the new-
borns of the control group had significantly greater lengths
and mean cranial circumferences. Group 1 babies had signifi-
cantly lower ponderal indexes, thoracic circumferences and
weight:length ratios than controls, and significantly larger 
cranial/thoracic circumferences.

Weijers et al.61 defined mild gestational hyperglycemia
(MGH) as a positive GCT in the presence of a negative OGTT.
Of the 1022 consecutive women evaluated, 813 (79.6%) were
healthy, 138 (13.5%) had MGH and 71 (6.9%) had GDM.
There was a stepwise significant increase in mean fasting 
glucose and C-peptide levels among the three diagnostic
groups. Maternal age, non-Caucasian ethnicity and pre-
pregnancy BMI were all associated with GDM, whereas only
maternal age and pre-pregnancy BMI were associated with
MGH. Therefore, it appears that additional factors promoting
the loss of beta-cell function distinguish MGH from GDM.
One of these factors is ethnicity.

To determine the predictive value of a negative GCT in
subsequent pregnancies, Nahum62 studied 62 pregnancies of
women who had given birth during the past 4 years for whom
third-trimester 1-h, 50-g glucose screening test results were
available for both pregnancies. He found that the GCT results
were significantly correlated between the two pregnancies 
(r = 0.49, P < 0.001) and concluded that a negative GCT of
< 140 mg/dL during pregnancy is strongly predictive of a neg-
ative screening result in a succeeding pregnancy within 4 years.

Are women with one elevated 3-h glucose tolerance test
value at risk for adverse perinatal outcomes? In a recent retro-
spective cohort study63 perinatal outcomes in women with
one elevated glucose tolerance test value were compared with
the outcomes in women who screened negative by GCT. Of
14,036 women who met the study criteria, women with one
elevated glucose tolerance test value exhibited higher rates of
Cesarean delivery (in nulliparous women only), pre-eclamp-
sia, chorioamnionitis, birthweight > 4000 g and > 4500 g, and
neonatal admission to the intensive care nursery as compared
with women who screened negative (P < 0.05 for all).

Early gestational diabetes mellitus
diagnosis as a risk factor
Early onset of GDM is a high-risk factor. Bartha et al.64 found
that among 3986 pregnant women, those with early-onset
GDM (n = 65) were more likely to be hypertensive (18.46 vs.
5.88%, P = 0.006), have higher glycemic values and greater
needs for insulin therapy (33.85 vs. 7.06%, P < 0.001) than
those in whom diabetes developed later (n = 170). All cases of
neonatal hypoglycemia (n = 4) and all perinatal deaths (n = 3)
were in this group. The women with early GDM also had an
increased risk of postpartum diabetes mellitus, whereas those

with late-onset GDM had a minimal risk.65 The percentages 
of overt diabetes and abnormal glucose tolerance were signif-
icantly higher in the early pregnancy group (n = 30) than in
the late-pregnancy group (n = 72) (26.7 vs. 1.4 and 40 vs.
5.56%, respectively).

Congenital malformations
Schaefer-Graf et al.,66 in a review of 4180 pregnancies compli-
cated by GDM (n = 3764) or Type 2 DM (n = 416), reported
that the congenital anomalies in the offspring affected the
same organ systems described in pregnancies complicated by
Type 1 DM. The risk of anomalies rose with increasing hyper-
glycemia at diagnosis or presentation for care. However, most
other reports had conflicting findings. Bartha et al.64 failed to
find an increase in major congenital malformations associated
with GDM, as did Kalter67 in a comprehensive review of the
literature. An exception is the recent Swedish Health Registry
study covering over 1.2 million births between 1987 and
1997.68 The authors identified 3864 infants born to women
with pre-existing diabetes and 8688 infants born to women
with GDM. The total malformation rate in the first group was
9.5% and in the second group 5.7%, similar to the rate in the
general population. However, the GDM group was character-
ized by an excess of certain malformations, suggesting that a
subgroup of GDM are at increased risk of diabetic embryopathy,
perhaps due to pre-existing but undetected Type 2 DM.

Martinez-Frias et al.69 analyzed 19,577 consecutive infants
with malformations of unknown cause and compared those
born to mothers with GDM with those of nondiabetic mothers.
Their findings indicated that GDM is a significant risk factor
for holoprosencephaly, upper/lower spine/rib anomalies, and
renal and urinary system anomalies. However, owing to the
heterogeneous nature of GDM, which includes previously
unrecognized and newly diagnosed Type 2 DM, they could
not rule out the possibility that the teratogenic effect is related
to latent Type 2 DM. Nevertheless, they concluded that preg-
nancies complicated by GDM should be considered at risk for
congenital anomalies.

Recently, Virtanen et al.70 evaluated the prevalence of
maternal glucose metabolism disorders during pregnancy in
newborn boys having normal testicular descent or congenital
cryptorchidism. After adjustment for possible confounding
factors, abnormal maternal glucose metabolism was signifi-
cantly more common in the group of cryptorchid boys 
[diet-treated gestational diabetes, P = 0.0001; odds ratio, 3.98
(95% CI, 1.97–8.05); diet-treated gestational diabetes or only
an abnormal result in oral glucose tolerance test, P = 0.0016;
odds ratio, 2.44 (95% CI, 1.40–4.25)] when compared with
boys with normal testicular descent.

By contrast, the relationship between GDM and the 
development of congenital malformations was examined in
another population-based retrospective study using birth 
certificate data for all live-born children delivered between
1984 and 1991 in Washington State.71 The prevalence of
congenital malformations was 7.2, 2.8 and 2.1% among the
offspring of mothers with established diabetes (n = 8869),
GDM (n = 1511) and no diabetes (n = 8934), respectively.
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That is, the rate of congenital malformations in the GDM
group was only slightly higher than in the control group 
(OR = 1.3, 95% CI 1.0–1.6).

Hypertensive disorders
Pre-eclampsia and gestational hypertension are apparently
more frequent in women with GDM. A large study by Xiong
et al.13 detected pre-eclampsia in 2.7% of 2755 patients with
GDM compared with only 1.1% of 108,664 patients with
normal pregnancies (adjusted OR = 1.3, 95% CI 1.20–1.41).
Similar results were observed for gestational hypertension.
Likewise, Dukler et al.72 studied 380 primiparous women with
pre-eclampsia and 385 primiparous control women for a total
of 1207 and 1293 deliveries, respectively. When adjusted for
confounding variables, GDM was strongly associated with 
the recurrence of pre-eclampsia in the second pregnancy 
(OR = 3.72, 95% CI 1.45–9.53).

Go et al.,73 in an 11-year follow-up study of a cross-
sectional sample of African–American women with a history
of GDM (n = 289), reported one of the highest rates of
microalbuminuria (MA) of all ethnic groups. The presence of
MA was not associated with insulin resistance, but it was sig-
nificantly and independently associated with glycosylated
hemoglobin (HbAlc) levels and hypertension. Hence, hyper-
tension and glucose intolerance influence MA through 
different mechanisms, and screening for MA should be 
considered in this patient population.

Conditions associated with increased insulin resistance,
such as GDM, PCOS and obesity, may predispose patients to
essential hypertension, hypertensive pregnancy, hyperinsu-
linemia, hyperlipidemia and high levels of plasminogen 
activator inhibitor-1, leptin, and tumor necrosis factor-alpha.
These findings may also be associated with a possible increased
risk of cardiovascular complications in these women.74 Joffe 
et al.75 provided further support for the role of insulin resist-
ance in the pathogenesis of hypertensive disorders of preg-
nancy. In a prospective study of 4589 healthy nulliparous
women, they found that the women with GDM had an
increased relative risk of pre-eclampsia and all hypertensive
disorders (RR = 1.67, 95% CI 0.92–3.05 and RR = 1.54,
95% CI 1.28–2.11, respectively). RR were not substantially
reduced after further adjustment for race and BMI (OR = 1.41
and 1.48, respectively). Furthermore, even within the normal
range, multivariate analysis demonstrated that the level of
plasma glucose 1 h after a 50-g oral glucose challenge was an
important predictor of pre-eclampsia.

Innes et al.76 evaluated 54 normotensive women who devel-
oped hypertension in pregnancy and 51 controls with nor-
motensive pregnancies, matched for parity. Mean post-load
glucose levels and the total glucose area under the curve were
significantly higher in the cases than in the controls, and were
positively correlated with peak mean arterial pressure. After
adjustment for potential confounders, 2-h post-load glucose
levels remained strongly related to the risk for hypertension
and to peak mean arterial blood pressure, as did the total 
glucose area under the curve. The cases were also more likely
to have had one abnormal OGTT. Stratifying analyses by case

severity (pre-eclampsia and gestational hypertension) yielded
similar results. Among all subjects, more cases than controls
were also diagnosed with GDM (31 vs. 12%, P = 0.008).

Risk of Type 2 diabetes
Women with GDM have a 17–63% risk of Type 2 DM within
5–16 years.77 However, the risk varies according to different
parameters. For example, Greenberg et al.,78 in a study of
94 patients with GDM, reported that the most significant 
predictor of 6-weeks postpartum diabetes was insulin require-
ment, with RR = 17.28 (95% CI 2.46–134.42), followed by
poor glycemic control, IGT and a GCT = 200 mg/dL. All of
these factors probably represent the magnitude of the insulin
resistance, which is the hallmark of future diabetes and of
other vascular complications. Similarly, Bian et al.79 reported a
diagnosis of diabetes 5–10 years postpartum in 33.3% of
patients with previous GDM (n = 45), but only 9.7% (n = 31)
of these with IGT and 2.6% (n = 39) of normal controls. Two
or more abnormal OGTT values during pregnancy, a blood
glucose level exceeding the maximal values at 1 and 2 h after
oral glucose loading, and high pregnancy BMI were all 
useful predictors of diabetes in later life. In a recent study of
227 women,80 in an average of 5.8 years after the diagnosis 
of GDM, the majority of women still have chronic insulin
resistance. One third has either IGT, IFG or Type 2 DM.
Despite the above, only 37% of women with a history of GDM
were screened for postpartum DM according to guidelines
published by the American Diabetes Association.81

To determine if recurrent episodes of insulin resistance 
(i.e. another pregnancy) contribute to the decline in beta-cell
function that leads to Type 2 DM in high-risk individuals,
Peters et al.82 investigated 666 Latino women with a history 
of GDM. Among the 87 (13%) who completed an addi-
tional pregnancy, the rate ratio of Type 2 DM increased to 
3.34 (95% CI 1.80–6.19), compared with women without an
additional pregnancy, after adjustment for other potential 
diabetes risk factors during the index pregnancy (antepartum
oral glucose tolerance, high fasting glucose, gestational age 
at diagnosis of GDM) and during follow-up (postpar-
tum BMI, glucose tolerance, weight change, breastfeeding 
and months of contraceptive use). Weight gain was also 
independently associated with an increased risk of Type 2
DM; the rate ratio was 1.95 (95% CI 1.63–2.33) for each 
4.5 kg gained during follow-up after adjustment for the 
additional pregnancy and the other potential risk factors.
These data show that a single pregnancy, independent of the
well-known effect of weight gain, accelerates the development
of Type 2 DM in women with a high prevalence of pancreatic
beta-cell dysfunction.

What about milder, diet-controlled GDM? Damm83 reported
abnormal glucose tolerance in 34.4% of 241 women 
2–11 years after a diabetic pregnancy (3.7% Type 1 DM,
13.7% Type 2 DM, 17% IGT), in contrast to a control group
in which none of the women had diabetes and 5.3% had 
IGT. The independent risk factors for later development of
diabetes were high fasting glucose levels at diagnosis of
GDM, delivery > 3 weeks before term and abnormal OGTT 
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2 months postpartum. Low insulin secretion at diagnosis of
GDM was also an independent risk factor. Even the non-obese
glucose-tolerant women with previous GDM had a metabolic
profile of Type 2 DM, i.e. insulin resistance and impaired
insulin secretion. Thus, the first OGTT should probably be
performed 2 months postpartum to identify the women who
are already diabetic and the women at highest risk of later
development of overt diabetes.83 Similarly, Lauenborg et al.84

reported that the prevalence of the metabolic syndrome was
three times as high in women with prior diet-treated GDM,
compared with age-matched control subjects. Interestingly,
according to a recent study, both women with a history of
GDM as well as their children are at greater risk of progressing
to Type 2 DM.85 Whether this effect is due to a genetic or an 
in utero influence has yet to be determined.

Summary
The 1997 WHO estimates of the prevalence of diabetes 
in adults showed an expected total rise of > 120% from 
135 million in 1995 to 300 million in 2025.2 These numbers
also include GDM, and should alert physicians to the need 
to direct special attention to this population, especially in
developing countries.

The data presented in this chapter indicate that the 
epidemiology of GDM is characterized by several features.

● Differences in screening programs and diagnostic criteria
make it difficult to compare frequencies of GDM among
various populations. Nevertheless, race has been proven to
be an independent risk factor for GDM, which varies in

prevalence in direct proportion to the prevalence of Type 2
DM in a given population or ethnic group.

● There are several identifiable predisposing factors for GDM
(Table 15.2).

● In the absence of risk factors, the incidence of GDM is low.
Therefore, some authors suggest that selective screening
may be cost-effective, especially in view the forecasted rise
in the burden of GDM.

● PCOS is an important risk factor for GDM, with special
similarity in the existence of insulin resistance.

● The genetic diathesis is not well understood.
● The recurrence rate of GDM (35–80%) is influenced by

parity, BMI, early diagnosis of GDM, insulin requirement,
weight gain and by the interval between pregnancies.

● Pregnant women with IGT and an abnormal GCT may be
at increased risk of an adverse outcome relative to woman
with a normal glucose tolerance and a normal GCT.

● Women with an early diagnosis of GDM represent a high-
risk subgroup, with an increased incidence of obstetric com-
plications, recurrent GDM and development of Type 2 DM.

● Another subgroup of GDM is characterized by an increased
risk of a diabetic embryopathy, perhaps due to pre-existing
but undetected Type 2 DM. This should be considered in all
patients with early diagnosis of GDM, accompanied by
appropriate patient counseling.

● Hypertensive disorders in pregnancy and afterwards may 
be more prevalent in women with GDM. One possible
mechanism is insulin resistance.

● Women with GDM are at increased risk of developing 
Type 2 DM, especially obese patients, those who were diag-
nosed before 24 weeks gestation and those who required
insulin for glycemic control.
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Maternal mortality in Latin America
and the Caribbean
The Latin American and Caribbean region, included among the
developing countries, has severe deficiencies regarding their
socio-economic situations, medical care, women’s status, prena-
tal care, and maternal and perinatal morbidity and mortality.

According to the World Health Organization,1 the 
estimated number of maternal deaths in 2000 for the world
was 529,000. These deaths were almost equally divided
between Africa (251,000) and Asia (253,000), with about 
4% (22,000) occurring in Latin America and the Caribean,
and less than 1% (2500) in the more developed regions of the
world. In terms of the maternal mortality ratio (MMR), the
world figure is estimated to be 400 per 100,000 live births.
By region, the MMR was highest in Africa (830), followed by
Asia (330), Oceania (240), Latin America and the Caribbean
(190), and the developed countries (20).

According to the Latin-American & Caribbean Regional
Office of UNICEF,2 the risk of maternal mortality in 
the developed compared with the developing world in 
1990 was 1:1800 versus 1:48, with an incidence of 1:140 for
South America.

Although the rate of maternal mortality is apparently low,
it has remained similar in the last decade. For example, in our
country, Argentina, the MMR was 5.2 in 1990, 4.4 in 1995,
3.5 in 2000 and 4.0 in 2004, which shows it has been very 
difficult to lower it.3

The MMR in the region is 190/100,000 live births, with 
big differences between countries.4 According to the last 
publication of UNICEF in 2005, while in Uruguay, Chile,
Cuba, Santa Lucia, Argentina, Costa Rica and Brasil MMR 
is below 50/100,000, in Peru, Bolivia and Haiti MMR is 
over 150/100,000.

In Argentina, the last publication of the Ministry of Health5

shows a MMR of 4.0 (MMR expressed by 10,000 live births).
These figures refer to the whole country; however, different
Argentine provinces show wide variations, ranging from a rate
of 2.8 in Buenos Aires to 13.6 in the province of La Rioja and
13.1 in Jujuy.

In a systematic review recently published by Khan et al.,6

hypertensive disorders were the first cause of death (25.7%,
number of deaths: 777) in Latin America and the Caribbean.

Incidence and prevalence of diabetes
in the region
Diabetes continues to be a major concern for public health 
in the Americas and, unfortunately, its prevalence is 
likely to increase in Latin America and the Caribbean 
countries due to the demographic changes these countries 
are experiencing.

According to King et al.,7 the number of diabetic people in
the Americas is expected to rise from 35 million in 2000 to 
64 million in 2025, and the incidence of diabetes in Latin
America will increase from 52% to about 62% (around 
40 million people),7 as a result of the aging process of the pop-
ulation and of increased sedentary habits and hypercaloric
diets, both of which lead to obesity.

King et al. also found that the incidence of diabetes is
higher in women than in men in both developed and developing
countries; in the latter it usually affects middle-aged women
rather than the elderly, as is the case in developed countries.
The male/female ratio shows how risk factors such as diet, low
physical activity and obesity are distributed differently
between the two sexes, and therefore should be taken into 
consideration in public welfare decision-making.

Regrettably, epidemiological surveys on diabetes are not
carried out on a regular, systematic basis in Latin American
and Caribbean countries. The few that have been conducted in
different countries ‘differ in important methodological features
such as selection of the study population, age, sampling
method and diagnostic criteria, making comparative studies
not very reliable.’8

According to the National Household Survey, the 
prevalence of diagnosed diabetes in Costa Rica in 1998 was 2.8
and 9.4% in the general population and in people aged 40 or
older, respectively.9

Studies conducted in South America show that the 
prevalence of diabetes ranges from 6 to 9%, with the lowest
rates among the Aymara Indians in Chile (only 1.5%). The
prevalence rate among the Mapuche Indians in Chile has
increased from 1.0% in 1985 to 4.1%, which may be
accounted for by the assimilation of other societies’ habits into
their culture (such as lack of physical activity and a 
hypercaloric diet). This acculturation process may explain
increasing rates in the rest of Latin America.

Gestational diabetes in 
Latin America
Liliana S. Voto, Maria Jose Mattioli and Matías Uranga Imaz
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The prevalence of diabetes among people aged 35–64 was
found to be higher than 10% in Mexico, Trinidad and Tobago
and Bolivia, with the highest rate in Jamaica (15.6%). The rest
of the countries showed moderate prevalence rates ranging
from 3 to 10%, the lowest rates being found in La Plata,
Argentina (3.0%). While diabetes prevalence rates were over
10% in men in Jamaica, Mexico and Chile, they were moderate
in men from other countries. In women, rates were highest in
Jamaica, Mexico, Trinidad and Tobago and Bolivia, moderate
(3–9%) in Brazil, Colombia, Paraguay and Surinam, and
lowest in Argentina (2.6%).

Frequency of diabetes mellitus in 
the region
The prevalence of gestational diabetes in Latin American and
the Caribbean Region may range from 1 to 14% of pregnancies,
depending on the population studied. Gestational diabetes
mellitus (GDM) represents nearly 90% of all pregnancies
complicated by diabetes.10

In a recent communication of the World Health
Organization in 2005,11 it was reported that the global 
frequency of diabetes in pregnancy in the region was 0.77%;
while in Cuba it was 1.75%, the highest rate in Latin America,
followed by Argentina with 1.39% (Table 16.1).

According to the Argentine Ministry of Health,12 over a
total number of pregnant women (100,556 patients) the
prevalence of diabetes in pregnancy in 2005 was 0.8% (n = 789
patients) (Table 16.2).

Risk factors
Pedro B Landabure was a direct disciple of Bernardo Houssay.
On 28 December 1954 he founded the Argentine Society of
Diabetes, and presided over it during the period from 1955 to
1956. He pioneered investigations on diabetes mellitus (DM)
in Argentina and Latin America and described the Landabure
syndrome as consisting of:

● history of macrosomic neonates (newborns weighing
>4000 g)

● maternal obesity (>10% maternal weight increase with
respect to height and age); history of fetal congenital 
malformations

● habitual abortion
● prematurity
● low birthweight
● polihydramnios
● glycosuria in pregnancy
● perinatal mortality
● multiparity and maternal age >35 years.

In 1981 Pedersen13 developed the prognostically bad 
signs of diabetic pregnancy, which disagree with the White
classification in one category. Pederse’s ill prognosis signs are:

● moderate to severe ketoacidosis
● gestational hypertension
● chronic pyelonephritis
● maternal negligence

Overweight and obesity play an important role not only
because of their high frequency, but also because of their 
contribution to the development of GDM.14 Universal GDM
screening is more effective than that based on risk factors,
detecting more cases, allowing for an earlier diagnosis and
showing better perinatal results.15

Personal experience at the Juan A
Fernandez Hospital
The Juan A Fernandez Hospital is a tertiary level, high-risk
pregnancy referral center. Between 1994 and 2001, the
Maternal Infant Department assisted 72 pregnant women
with a diagnosis of DM; in 55% of the cases the women were
between the ages of 19 and 34, and in 45% of the cases the
women were >34 years of age. Seventeen percent of the
patients had a history of perinatal mortality. Seven women
(9.7%) lacked prenatal care. Gestational age at the first prenatal
visit was >30 weeks in 22.2 % of the cases.

The most frequently associated maternal pathologies were
urinary infection and hypertension. Hospitalization during
gestation was required for 48.6% of the patients. Gestational
age at delivery was >37 weeks in 74% of the population.
Cesarean sections were performed in 51.3% of the cases. There
were four intrauterine death. Neonates were vigorous at 1 and
5 min after birth in 88 and 93% of the cases, respectively.

Personal experience at the Juan A Fernandez Hospital 133

Table 16.2 Types of diabetes in pregnancy in Argentina
during 2005

Number of patients Percent

Type 1 diabetes 129 16.3
Type 2 diabetes 86 10.9
Gestational diabetes 463 58.7
No date 111 14.1
Total 789 100

Table 16.1 Number of women with diabetes in 
pregnancy in Latin America and the Caribbean

Women with diabetes

Country Number of women Number Percent

Argentina 10,294 143 1.39
Brazil 15,166 143 0.94
Cuba 12,642 221 1.75
Ecuador 12,414 18 0.14
Mexico 20,889 173 0.83
Nicaragua 5,636 6 0.11
Paraguay 3,414 15 0.44
Peru 16,041 23 0.14
Total 96,496 742 0.77
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High and low birthweights were observed in 18.16 vs.
15% of the newborns, respectively. Neonatal assessment
detected an 18% incidence of preterm babies.

Six neonates required hospitalization in the neonatal 
intensive care unit (NICU). Five newborns presented with 
respiratory distress syndrome, mechanical ventilation was
required in two cases. There was one neonatal death, giving an
overall perinatal survival rate of 93%.

Conclusions
From this group’s personal experience, it can be concluded that,
despite late first prenatal visits, when pregnant women receive
prenatal care before birth, perinatal results are acceptable.

However, the question remains as to how many diabetic
patients never reach prenatal care, are never detected, or
approach the hospital to deliver a dead or macrosomic fetus with-
out a final diagnosis of the pathology that has led to this end.

These are the deficiencies of a developing country which
lacks a continuous, efficient maternal–infant policy, in con-
trast to highly trained medical staff, who cannot achieve the
desired reduction in maternal, fetal and neonatal morbidity
and mortality. This not only affects the care of patients with
DM; unknown numbers of young women die of hemorrhage
and infections. This is a consequence of the absence of prena-
tal care, with patients reaching health centers at the last
minute, some of which lack the facilities to make a fast diag-
nosis and provide timely treatment.

Argentine physicians are aware of risk factors and 
prevention of fetal malformations by achieving periconcep-
tional glycemic control through preconception care.16

However, at present this can only be applied to a minority of
fertile age women from higher socioeconomic backgrounds
who can comply with prenatal care guidelines. The aim is 
to make this case standard, fighting against hundreds of
obstacles that hinder the way towards the preventive care 
of women’s health.
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Introduction
The prevalence of diabetes is increasing globally and India is
no exception. WHO indicates an expected total rise from 
135 million in 1995 to 300 million (120%) in 2025,1 in the
prevalence of diabetes in adults. These numbers include
women with Gestational diabetes mellitus (GDM).2 GDM is
considered as a transient abnormality of glucose intolerance
during pregnancy.3 Women with GDM are at increased risk of
diabetes in future as are their children and the following 
subsequent generations. This fact should alert physicians 
to the necessity of devoting special attention to this segment 
of the population especially in developing countries.2

Implications
The usual recommendation of lifestyle modifications or drug
intervention for prevention of diabetes is likely to delay 
or postpone the development of overt diabetes in persons
diagnosed with abnormal glucose tolerance. These measures
essentially target only the post-primary prevention of diabetes
whereas the aim should be primary prevention of diabetes by
keeping genetically or otherwise susceptible individuals 
normoglycemic, apart from preventing them from developing
Type 2 DM.4 In this respect, women with GDM become the
ideal group for primary prevention of diabetes.5 The diagnosis
of GDM offers a unique opportunity in identifying individuals
who will benefit from early therapeutic intervention with diet
and exercise, thus normalizing body weight to delay or even
possibly prevent the onset of diabetes.

Awareness
The success of a project for preventing any disease en masse
mainly depends on an awareness of the disease amongst a 
population. But the general population, especially of India, are
not aware of the possibility of glucose intolerance occurring
during pregnancy and its consequences.

Hence, a baseline study was undertaken by the present
authors to assess the knowledge, attitude, and practice (KAP)
in a sample population of the study area, namely, Chennai city.

The city is divided into 424 health subunits. Each subunit has
a population in the range of 30,000 to 51,000. Health aspects
of each unit are monitored by the Multi Purpose Health
Workers (MPHWS). A pilot survey showed that a precoded
questionnaire was over-estimating, due to the intelligent
guesses made by the respondents, and hence it was decided 
to use an open-end questionnaire.

The findings of this KAP study showed lack of knowledge
and awareness about GDM among the population. The 
percentage awareness was only 13.2% (95% CI, 12.6–13.9%),
which was a disturbing observation. The authors have
launched and are still continuing an intensive campaign to
inform the public about GDM through cinema theatre slides,
cable TV scrolls, visual aids in public transport, wall posters,
stencils, wall paintings, handouts, and speaker van campaigns.
A repeat KAP study was performed after 1 year to assess the
effect of the ongoing awareness creation program. The aware-
ness of GDM among the general population has increased 
to an appreciable level of 23.5% (95% CI, 22.6–24.4%).

Prevalence
The epidemiology of GDM is subject to various factors such as
the population to be screened, the screening methods, the 
gestational weeks for screening and the glycemic criteria for
diagnosis. Screening recommendations range from inclusion
of all pregnant women (universal) to the exclusion of all other
women except those with very specific risk factors (selective):
e.g. age >25 years, obesity: BMI >30, ethnicity: Hispanic,
Native American, Asian–American, African–American, family
history: first degree relative, and previous GDM or large for
gestational age infant.6 Different ethnic groups when exposed
to the same environmental setting, experienced a widely 
variable risk. Among ethnic groups in South Asian countries,
Indian women have the highest frequency of GDM (15%),
followed by Chinese (13.9%), Vietnam-born (7.8%) and
Australian-born (4.3%).7

The frequency of diabetes in the child-bearing age group of
women for a given population and ethnicity mirrors that of
the underlying frequency of Type 2 DM in that population.7

Among Indians, the prevalence of impaired glucose tolerance
(IGT) in the age groups of 20–29 years and 30–39 years was
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found to be 12.2 and 15.3%, respectively. No gender difference
was seen in the prevalence of IGT.8 It was observed in a
national survey performed in 2002, the frequency of the
occurrence of GDM was 16.55% by WHO criteria9 which was
closer to the prevalence of IGT in the child-bearing age group
of women in India.8 Parallel to the increased prevalence 
of diabetes and IGT in the general population, the frequency
of GDM had also increased. The prevalence of GDM was 
2% in 198210 (IGT, 2%11) which increased to 7.62% in 199112

(IGT, 8.2%13), and doubled to 16.55% in 20029 (IGT, 14.5%8).
The prevalence data published9 included pregnant women
attending different health care providing centres spread in 
different parts of the country (Table 17.1).

This phenomenal increase in the prevalence of GDM
prompted the authors to initiate a project on ‘Diabetes in
Pregnancy Awareness and Prevention (DIPAP)’, funded by the
World Diabetes Foundation and supported by the govern-
ment of Tamil Nadu, India. To obtain community-based
prevalence data under the DIPAP project, the author’s group
screened 4151 pregnant women (during 2004–2005) in an

urban area, taking Chennai city of Tamil Nadu, India, as the
sampling population. GDM diagnosis was based on the WHO
criteria of 2 h plasma glucose (PG) ≥140 mg/dL with 
75 g OGTT. In this community-based study, the prevalence of
GDM was 17.9%. The prevalence of GDM had increased from
16.55 to 17.9% in 2 years. This trend indicates that the 
anticipated projection of prevalence of GDM by 2012 would
be closer to 30–35% (Figure 17.1). This project is also being
carried out simultaneously in a rural area and the target 
population to be screened is 3600. So far, 2936 women have
been screened and the prevalence of GDM is 10.4% in the
rural area. With the available information, there is a definite
divide between the rural and urban areas in the prevalence of
GDM. The reason for this difference will be known only after
the completion of the project, but the possible cause for 
the low prevalence may be due to the less mechanized,
agriculture-based lifestyle in the rural area.

Geographical variations in the
prevalence of GDM
Prevalence of GDM varies from one region to another in the
same country. Though the overall prevalence of GDM in India
was 16.55%, the frequency varied from 12 to 21% in different
parts of the country.9 A low prevalence of GDM was observed
in the hilly areas of Jammu and Kashmir14 (north India) 
4.4%, Imphal15 (north-east India) 2.2%, and in Yercaud16

(south India) 3.5%. This low prevalence could be attributed to
the lifestyle adapted by the people living in the hostile terrain.
The prevalence of GDM in other developing countries also
showed regional variations. In Mexico, the prevalence of GDM
varied from 4.3 to 11% when screening was done in different
parts of the country.17 The rate of abnormal screening test
results ranged from 8.0 to 20.7% for different regions of
Poland.18 Among Pan Arab countries, Saudi Arabia (12.5%)
and Bahrain (13.5%) had the highest prevalence of GDM.19,20

The frequency of GDM in Argentina was between 2 and 
12% depending upon the population studied and geograp-
hical variations.21
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Table 17.1 Prevalence of gestational diabetes mellitus in different parts of India 2002

Number of pregnant
Author/investigator Center women screened Prevalence rate (%)

Balaji et al. North Chennai, Tamil Nadu 891 16.2
Anjalakshi et al. South Chennai, Tamil Nadu 1002 15
K. P. Paulose Trivandrum, Kerala 750 15
Mary John Ludhiana, Punjab 220 17.5
Prasanna Kumar Bangalore, Karnataka 49 12
Shyam Mukundan Alwaye, Kerala 200 21
Aruyerchelvan Erode, Rural Tamil Nadu 562 18.8

TOTAL 3674 16.55
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Figure 17.1 Anticipated projection of GDM prevalence 
in India.
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Rationale for universal screening
Selective screening based on risk factors scored poorly in 
predicting GDM.22 If selective screening is employed, it is
likely that 16% of GDM women will go undetected.23 Further
selective screening recommended by ADA may be applicable
for women belonging to the ethnic group with low prevalence
of GDM. Whereas, among ethnic groups in South Asian 
countries, Indian women have the highest frequency of GDM
necessitating universal screening.24 The recognition of glucose
intolerance during pregnancy is more relevant in the Indian
context, as Indian women have 11-fold risk of developing
GDM compared to Caucasians.25

Compared to selective screening, universal screening for
GDM detects more cases and improves maternal and offspring
prognosis.26 Cost analysis of universal screening when 
compared with risk factor screening showed only a negligible
difference.22 Thus universal screening appears to be the most
reliable and desired method for the detection of GDM.22 For
universal screening the test should be simple and cost effective.
The two-step procedure of screening with the 50 g glucose
challenge test (GCT) and then diagnosing GDM based on
OGTT is not feasible in a country like India, because pregnant
women may have to visit the antenatal clinic twice and at least
three to five blood samples have to be drawn, which they resent.
WHO recommendation serves both as a one-step screening
and diagnostic procedure, and is easy to perform besides being
economical.27 WHO criteria of 2 h PG ≥ 140 mg/dL identifying
a large number of cases may have a greater potential for 
prevention.28 The WHO procedure for screening and 
diagnosis of GDM is being followed in the DIPAP project and
the same has been recommended in the Indian Guidelines for
Gestational Diabetes Mellitus.29

Gestational weeks for screening
The current recommendation is to perform screening test
between 24 and 28 weeks of gestation, though there are
reports that claim about 40–66% of women with GDM can be
detected early during pregnancy.30,31 Nahum et al. also suggest
that the ideal period to screen for GDM is around 16 weeks of
gestation and even earlier in high-risk groups with a history of
fetal wastage.32 The interim analysis based on the gestational
weeks of the GDM women in the DIPAP project revealed 
that, 16.3% had glucose intolerance within 16 weeks,
23.1% between 17 and 23 weeks and remaining 60.6% more
than 24 weeks of gestation.33 These studies stress the need for
screening for GDM during the early weeks of gestation. GDM
diagnosis may not be missed by screening around 24–28 weeks
of gestation, but a substantial number of pregnant women
who develop GDM in the earlier weeks of pregnancy are likely
to have delayed diagnosis and may not receive appropriate
medical care. Further, early screening for glucose intolerance
and care could avoid some diabetes-related complications in
women with gestational diabetes.34 To validate the above
observation the present author’s group screened 207 pregnant
women attending their referral center for diabetes and 
pregnancy with a 75 g OGTT. Among them, 87 (42.03%) were

diagnosed with GDM. Women in whom GDM was detected
between 0 and 23 weeks of gestation were classified as group 1
(54 (62.7%)) and beyond 24 weeks of gestation as group 2 
(33 (37.93%)). All were treated and followed till confinement.
In India, the normal birthweight varies between 2.5 and 3.5 kg.35

There was no statistically significant difference (P < 0.05)
between the birthweight of the neonates born to Normal 
glucose tolerance (NGT) women (3.28 ± 0.50 kg) and GDM
women in group 1 (3.13 ± 0.55 kg). In group 2, the neonatal
birthweight was 3.42 ± 0.58 kg which is the upper limit of the
normal range in Indian new born babies. The observation of
this study was that, by early detection of glucose intolerance
during pregnancy and by giving adequate care to the antenatal
women, a good fetal outcome can be achieved similar to that
of NGT pregnant women.36

Yet another observation from the DIPAP project was that,
out of 17.9% pregnant women diagnosed to have GDM,
12.7% of them were detected to have GDM in the first visit and
the remaining 5.2% at subsequent visits. This finding stresses
the fact that women with NGT in the first visit are to be advised
to undergo glucose tolerance test in the subsequent visits.

Demographic findings in 
DIPAP project
The demographic details of the 4151 pregnant women
screened in the DIPAP project are given below in Table 17.2.

The proportion of GDM increased with increasing age and
BMI. There was a significant association between BMI and
GDM (P < 0.001) but gravida did not show significant 
association (P > 0.05). The mean gestational weeks for all the
women screened was 24.2 ± 7.74. The mean gestational weeks
of screening GDM and NGT women was 25.5 ± 7.67 and 
23.9 ± 7.73, respectively. The family history of DM was positive
in 37.5% of GDM and in 24.5% of NGT women. The preva-
lence rates of GDM in the sedentary, moderate, and heavy
activity group were 19.1, 17.8, and 12.9%, respectively.

Women whose blood pressure was ≥120 mmHg systolic 
or ≥80 mmHg diastolic were considered to have hyper-
tension. The proportion of hypertension (P <0.0001) was 
significantly higher in GDM (25.6%) compared to NGT
women (18.8%). The odds ratio of developing hypertension

Demographic findings in DIPAP project 137

Table 17.2 Demographic details

GDM n = 741 NGT n = 3410

Age (years) 24.94 ± 3.81 23.38 ± 3.43
BMI (kg/m2) 23.33 ± 4.19 21.57 ± 3.87
Gravida Primi: 352 Primi: 1669 

(47.5%) (48.9%)
Multi: 389 Multi: 1741 

(52.5%) (51.1%)
Gestational weeks 25.5 ± 7.67 23.9 ± 7.73

at screening
Positive family 278 (37.5%) 835 (24.5%)

history of DM
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was 1.489 (95% CI, 1.224–1.812). Women with a BP of ≥140/90
mmHg were advised methyldopa to control their hypertension.

The mean hemoglobin level of the NGT women was 
10.30 ± 0.93 g% and that of the GDM was 10.36 ± 0.96 g%.
There was no significant difference between the hemoglobin
levels of GDM and NGT women.

Management
The goal in the management is to avoid both low birthweight
and macrosomic babies, as they are prone to develop diabetes in
adolescence and adult life.37 In India, both under-nutrition and
over-nutrition exist during pregnancy. There are two reported
studies in India that relate size at birth to future risk of Type 2
DM. In Mysore, low birthweight did not increase the risk of dia-
betes but babies who were short and fat at birth (higher BMI)
were at increased risk.38 Fall et al. speculate that the rise in Type
2 DM in Indian urban populations would have been triggered by
mild obesity in mothers, leading to glucose intolerance during
pregnancy, macrosomic changes in the fetus, and insulin defi-
ciency in adult life.38 Yet another study attributes high prevalence
of Type 2 DM and IGT in Indian people linked to poor fetal
growth39 which is at variance to the observation by Fall et al.

Medical nutrition therapy
The meal pattern should provide adequate calories and 
nutrients to meet the needs of pregnancy. The meal plan
advised has to be simple, easy to achieve, understand, and
follow. The MNT recommended is based on their routine
dietary habits and glycemic excursions that occur with the
meal. In a normal person, the peak of plasma glucose is higher
after breakfast (due to the ‘dawn phenomenon’) than after
lunch and dinner, and insulin secretion also matches the
glycemic excursions that occur with these three meals.40 Since
GDM mothers have deficiency in first phase insulin secretion,
the quantity of food at one time should also be less, to over-
come this insulin deficiency, particularly after breakfast. To
avoid the postprandial plasma glucose peaking with breakfast,
the authors guide their women with GDM to distribute 
calorie consumption especially the breakfast into two portions
‘split breakfast’. This implies splitting the usual breakfast 
into two halves and consuming these portions with a 2-h gap
between them. By this, the undue peak in plasma glucose
levels after ingestion of the total quantity of breakfast at one
time is avoided. For example, if four slices of bread (applies to
all type of breakfast menu) is taken for breakfast at 8 am, the 
postprandial peak plasma glucose is 140 mg: when the 
same quantity is divided into two equal portions, i.e. one 
portion (two slices of bread) at 8 am and the remaining two
slices after 2–3 h, the postprandial peak plasma glucose falls 
by 20–30 mg.

Insulin therapy
The policy followed in India is to advise human insulin in
women with GDM who failed to achieve fasting plasma 
glucose (FPG) of ≤90 mg/dL and 1.5 h post-meal plasma 
glucose level of ≤120 mg/dL with MNT. The aim is to 

maintain post-meal peak plasma glucose level of ≤120 mg/dL. A
number of studies have established the benefits of maintaining
the plasma glucose at this level.41–43 Due to the pharmacokinetic
action of human regular insulin, a considerable segment of
pregnant women with GDM fail to achieve optimum glycemic
control, mostly the postprandial plasma glucose. In them, the
best option is to administer ultra short acting analogues, insulin
lispro (Humalog) or insulin aspart (Novo rapid). Novo rapid is
given freely in all the government institutions in the state of
Tamil Nadu, India. These analogues improve the postprandial
glucose control in pregnant women with Type 1, Type 2 DM and
GDM, and are also safe and effective.44–46

Oral hypoglycemic agents

Glibenclamide
Glibenclamide (Glyburide) may be an alternative safe therapy
for many GDM women who are hesitant to take insulin. This
drug decreases insulin resistance and improves insulin secretion,
the pathogenic factors in the causation of hyperglycemia in
GDM.47,48 Another advantage is that the human placental
transfer of glibenclamide is negligible. Maternally adminis-
tered glibenclamide in pharmacologic doses, and even doses
greatly exceeding therapeutic levels, may not reach the fetus.49

The landmark study by Langer et al. concluded that glyburide
was as effective as insulin in maintaining desired glycemic
levels and resulted in comparable outcome.50 The author’s
group undertook a prospective study comparing insulin and
glibenclamide in GDM. In this study, both glibenclamide and
insulin treatment achieved equally good glycemic control and
the perinatal outcome was not different.51 The important
observation of this study was that the mean dose of gliben-
clamide required at term was 1.45 ± 0.57 mg/day and mean
insulin requirement at term was 21.7 ± 13.55 units/day 
to achieve the same glycemic level.51 It is noteworthy that
glibenclamide is very economical and cost effective compared
to insulin, which is not only expensive but also inconvenient
as it has to be taken parenterally. Ultimately, the therapy prefer-
ence depends on the patient’s choice and physician’s decision.

Metformin
Women with polycystic ovary syndrome (PCOS) are advised
metformin to induce ovulation. The drug is not withdrawn if
a woman conceives while on metformin therapy and the maxi-
mum dose prescribed in the author’s clinical practice is 1500 mg.
If the plasma glucose is not under control with metformin,
insulin is always added. No adverse pregnancy outcome with
metformin therapy was observed. A preliminary study showed
that metformin was safe in pregnant, glucose intolerant
women either as an adjunct to insulin treatment or even as a
monotherapy.52 A prospective study found no adverse influ-
ence on the pregnancy outcome in PCOS women treated
throughout pregnancy with metformin.53

Monitoring glycemic control
The continuous glucose monitoring has demonstrated that
the time interval from meal to peak postprandial glucose 
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level was approximately 90 min and was similar in all the 
evaluated types of diabetic pregnancies (insulin treated or diet
only) and is not affected by the level of glycemic control.
Moreover, no difference was obtained in postprandial
glycemic profile between breakfast, lunch or dinner.43 Hence
the present policy in India, from August 2006, is to maintain
FPG <90 mg/dL and 1.5 h post-meal plasma glucose <120 mg/dL
during pregnancy.29

Target glycemic level
Increased birthweight of neonates occurred even when the
mother’s glucose tolerance was less than the glycemic criteria
recommended by WHO (2-h PG >140 mg/dL) for diagnosis 
of GDM. Increasing carbohydrate intolerance in women with-
out overt GDM was associated with graded increase in the
incidence of macrosomia.54 The author’s group confirmed
that the occurrence of macrosomia was continuum as the 2 h
PG with 75 g OGTT increased from 120 mg/dL.55 A similar
outcome was also documented in the DIPAP community based
study. The birthweight of the neonates born to 2315 pregnant
women was available for analysis. Among these women 
415 (17.5%) were GDM and of them 58 (13.9%) delivered big
babies. The number of big babies in the NGT group was 
147 and out of them 49 (33.3%) were born to mothers whose
2-h PG ≥120 mg/dL (75 g OGTT). Pregnant women who do
not meet the diagnostic criteria of GDM but have 2-h PG
≥120 mg/dL (75 g OGTT) should not be ignored and this level
needs cognizance. The study by Sunil Gupta et al. corroborates
this finding.56

Pattern of delivery
In the rural areas, every pregnant woman in the village is 
visited by the village health nurse. A periodic antenatal check-
up is done by the medical officers attached to the primary
health centers which have the facility to conduct normal 
delivery. Women who may have difficulty in normal delivery
are referred to the district headquarters hospital where a 
specialist obstetrician service is available.

In urban areas, pregnant women are taken care by the
Multi Purpose health workers (MPHW). Centers run by the

municipality or corporation in their area. These maternity cen-
ters have facilities for normal deliveries and Cesarean 
sections. High-risk pregnant women are referred to tertiary
level maternity hospitals attached to teaching medical colleges.

The pattern of delivery in a district headquarters hospital,
maternity centers of the corporation and teaching hospitals of
Chennai, are given in the Table 17.3.

The Cesarean section rate was high in all these hospitals
even in NGT women. This is due to the health policy of the
government, which considers every pregnancy as high risk.
Additionally, the preference of some parents to have only one
child has resulted in a high rate of Cesarean sections. Another
reason could be that some people in Indian society believe that
a child has to be born at an auspicious time based on astrolog-
ical prediction. If the natural delivery time of the child does
not coincide with the prediction, then Cesarean section is
resorted to. The total Cesarean section rates in the public,
charitable and private hospitals were 20, 38, and 
47% respectively.57 The Cesarean rate in a maternity hospital
increased from 1.9 to 16% within 10 years.58 The perinatal
mortality rate showed a significant reduction from 69 per
1000 to 36 per 1000, despite higher Cesarean rates.58 The 
present trend in developing countries is for increased use of
Cesarean section.59

Prevention
Screening for glucose intolerance during pregnancy is not
done routinely and probably the undiagnosed glucose intoler-
ance that has been occurring in the past has resulted in the
increased prevalence of diabetes in India. This is likely to be
true as GDM has a far-reaching consequence in predisposing
their offspring to glucose intolerance. This observation was
substantiated and documented in Pima Indians by Dabelea 
et al.60 Children born in 1965 to women with GDM were 
followed up until 2000. By the time they reached 35 years,
more than half of the group had diabetes.60 Hence, as a 
policy to identify GDM and its consequences in the infant, a
75 g OGTT has been recommended to all women in the 
population during the third trimester of pregnancy.60 Now 
it is obvious that taking care of women with GDM is the 
first step in the primary prevention of diabetes. To achieve 
this goal, the Diabetes In Pregnancy Study group India (DIPSI)

Prevention 139

Table 17.3 Pattern of deliveries in public maternity centers and hospitals

Year and type of hospital Total deliveries Cesarean section

District headquarters hospital
2004–2005 44,970 6018 (13.4%)
2005–2006 45,454 6681 (14.7%)
Maternity centers of the corporation
2004–2005 16,495 1574 (9.5%)
2005–2006 16,516 2154 (13%)
Teaching medical college (tertiary-care hospitals)
2004–2005 17,543 7646 (43.6%)
2005–2006 16,687 6722 (40.3%)
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was formed in 2005. This study group has framed the 
guidelines to be followed in the management of GDM.29 The
Government of Tamil Nadu, India, has accepted these guide-
lines and promulgated an order by which screening for 
glucose intolerance during pregnancy has become mandatory.

The important aspect of diabetes and pregnancy is that the
intrauterine millieu interieur, whether one of nutritional depri-
vation or one of nutritional plenty, results in changes in pancre-
atic development and peripheral response to insulin that may
lead to adult-onset GDM and Type 2 DM.61 Thus, timely action
taken now in screening all pregnant women for glucose intoler-
ance, achieving euglycemia in them and ensuring adequate
nutrition may prevent in all probability, the vicious cycle of
transmitting glucose intolerance from one generation to
another.62

No single period in human development provides a greater
potential than pregnancy for long range pay off via 
relatively short range period of enlightened metabolic
manipulation. (Norbert Frienkel)

Conclusion
● GDM women are at increased risk of future diabetes as are

their children and following generations.

● Prevalence of GDM varies from one region to another in
the same country.

● Compared with selective screening, universal screening 
for GDM detects more cases and improves maternal and
offspring prognosis.

● Asian Indian women are ethnically more prone to developing
glucose intolerance compared to other ethnic groups.

● GDM based on 2-h 75 g OGTT defined by WHO predicts
adverse pregnancy outcome and warrants treatment.

● A 2-h 75 g post-plasma glucose ≥140 mg/dL serves both as
screening and diagnostic criteria besides being a simple and
economical one-step procedure.

● Early screening for glucose intolerance and care could 
avoid some diabetes-related complications in women with
gestational diabetes.

● Woman with NGT at the first visit are advised to undergo 
a glucose tolerance test during the subsequent visits.

● The meal pattern advised has to be simple, and easy to
understand and follow.

● The goal is to maintain mean plasma glucose of 105 mg/dL.
● Occurrence of macrosomia was continuum as the 2-h PG

increased from 120 mg/dL and this level needs cognizance.
● The present trend in the developing countries is for

increased use of Cesarean section.
● Taking care of the women with gestational diabetes is envis-

aged as the first step in the primary prevention of diabetes.

140 Diabetes and pregnancy in advancing nations: India
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Background
New Zealand is a developed nation with a land mass of
270,500 km2 over two major islands (North Island and South
Island). The population of 3,737,277 in 2001 included
2,868,009 of European descent (predominantly from the
British Isles), 526,281 Maori (indigenous Polynesians who
arrived mainly between 800 and 1200 AD), 231,801 Pacific
peoples (mainly from Samoa, Tonga, Cook Islands, Niue and
Tokelau Islands from the 1960s) and 237,459 Asians (who
have arrived since the nineteenth century, but particularly in
the 1990s).1 The high prevalence of Type 2 diabetes among
Maori was first reported in the early 1960s.2 Subsequently,
an increasing prevalence of diabetes among Tokelauan 
immigrants to New Zealand was found compared with those
who remained in the islands.3 The growth in numbers with
diabetes across New Zealand Europeans, Maori and Pacific
people became apparent from studies in South Auckland and
data relating to complications (e.g. renal failure) in the 1990s.4

Subsequent data has shown that this epidemic of diabetes is
continuing unabated and now includes Asians.5

The mean age at diagnosis of diabetes is lower among
Maori and Pacific people when compared with Europeans 
(41 vs. 45 vs. 50 years).6 However, it is felt that the age at diag-
nosis is now dropping with increasing numbers of children
and adolescents diagnosed with Type 2 diabetes (increasing 
in the Auckland adolescent diabetes clinic from 12.5% of
incident cases 1997–1999 to 35.7% in 2000–2001).7 Diabetes
in pregnancy (particularly gestational diabetes (GDM) and
Type 2 diabetes) is also increasing with over doubling of
numbers in Auckland, although this is partly due to 
demographic and possibly screening trends.8

Organization of maternity services
New Zealand currently has a socialized healthcare system with
no out-of-pocket expenses for public hospital and outpatient
services, subsidised visits to primary care and subsidised 
medications. Care is funded through 21 District Health
Boards with varying population sizes. In 1996, New Zealand
introduced a lead maternity carer (LMC) system, whereby one
health professional is chosen by the woman, with responsibility

for assessment of her needs, planning care for mother and
baby, and being responsible for ensuring provision of maternity
services.9 Payment by the government-funded health services
is the same, independent of profession of the LMC. This
system was associated with an increase in the number of
self-employed midwives and a reduction in the number of pri-
vate general practitioner and obstetrician deliveries. Women
with diabetes in pregnancy are generally recommended to be
referred to a local public diabetes in pregnancy specialist service,
although distance and availability can be issues for some
women. With referral, particularly if the women is insulin
treated, lead care is transferred to specialist services.

The first specific Diabetes in Pregnancy Clinic in 
New Zealand was established at National Womens Hospital in
the 1950s by Wilton Henley and an audit of the clinical work
in 1968–1987 was published in 1990. During this period, the
perinatal mortality rates fell from 6.7 to 0.5% among 
women with GDM and 15.2 to 2% among those with 
established diabetes.10 A number of innovations were intro-
duced in South Auckland, an area with a high proportion of
Maori and Pacific people, after a diabetes in pregnancy clinic
was established by Dr David Scott and Mr Bill Mercer in 1982.
Dr David Scott was the first in New Zealand to introduce the
50 g polycose glucose challenge test as a screening test in 1983,
and community-wide screening for GDM in 1984. The use of
the insulin pump in diabetes in pregnancy was also first 
introduced to New Zealand through South Auckland in 1983.
In Type 2 diabetes and GDM, the use of the insulin pump was
associated with improvements in glycemic control within 
1–4 weeks in 79% of women.11 A further innovation was the
introduction of a combined community and clinic Diabetes
Midwifery Educator service in 1991 to combine the skills 
of the midwife and diabetes educator.12 This innovation 
was associated with improvements in glycemia (laboratory 
2-h postprandial glucose concentration 6.3 ± 1.3 to 5.7 ±
1.0 mmol/L, P <0.01) and an increase in the proportion 
starting insulin as an outpatient was increased (from 14 to 89%).
The proportion receiving a postnatal oral glucose tolerance
test remained low but increased from 10 to 29% (P <0.01).

National Womens Hospital is one of the two coordinating
centres in Australia and New Zealand for the MiG study
(Metformin in GDM), a randomized trial of metformin com-
pared with insulin use in GDM. Trial results are due in 2007.
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The study is partly based on their experience with the use of
metformin in 214 Type 2 diabetes in pregnancy.13 When 
compared with insulin treated women, those treated with
metformin had similar rates of preeclampsia, perinatal loss,
and neonatal morbidity.

Criteria for GDM in New Zealand
and epidemiology of diabetes in
pregnancy
New Zealand currently diagnoses GDM using a 75-g 2-h oral
glucose tolerance test. Criteria for GDM are a fasting glucose
of >5.5 mmol/L and/or 2-h glucose of >9.0 mmol/L. This is
undertaken if there is a high risk of GDM early in pregnancy
or after a 50 g glucose challenge test >7.8 mmol/L at 24–28
weeks gestation. These criteria are known as the Australasian
Diabetes in Pregnancy Society (ADIPS) New Zealand criteria14

or New Zealand Society for the Study of Diabetes (NZSSD)
criteria.15 They are more restrictive than the ADIPS Australia
criteria (which uses a 2-h post-load level of >8.0 mmol/L): in
a United Arab Emirates study,16 approximately 26–46% fewer
cases were diagnosed depending on gestation. While these
diagnostic criteria are used throughout New Zealand,17 there
have been differences in perspectives on whether to screen all
women for GDM or only those with risk factors. Although
ADIPS recommends that all women be offered screening for
GDM,14 until 2006, the New Zealand College of Midwives 
recommended screening women with risk factors for GDM.18

There are currently discussions being held about moving to an
offer of screening for GDM to all pregnant women.

Penetration of screening has been an issue, making estimates
of the prevalence of GDM difficult to make. The prevalence is
thought to have increased based upon global trends, the extent
of the National Womens Hospital increase in clinic numbers
(NWH)8 and the New Zealand population trends in obesity.19

Obesity and weight gain are major issues among Maori and
Pacific women. For example, cross-sectional data from 4,885
births in South Auckland in 199420 showed weight differences
between European, Maori, and Pacific women aged <20 years
and over 40 years of 6 , 11, and 16 kg, respectively (Figure 18.1).

In South Auckland, with a high proportion of Maori and
Pacific women, risk factor screening using American Diabetes
Association criteria was estimated to have identified 97.9% of
women as being at risk.21 In this setting, development of GDM
was also more likely to be associated with twin pregnancies in
South Auckland.22

The only population based study of GDM screening in
New Zealand, adjusting for penetration of screening, came
from South Auckland.20 This study, in the mid 1990s, used
ADIPS criteria with prevalences of 3.3, 7.9, 8.1, and 5.5% 
for Europeans, Maori, Pacific, and Other women, respec-
tively.20 There were significant ethnic differences in screening
(36.8, 47.3, 68.5, 50.0%, respectively), but comparable 
attendance at OGTT (72.6–81.8%). Among Europeans, there
was no significant increase in screening with increasing num-
bers of risk factors. Recent data suggest that the penetration of
screening is approximately 61% based upon the ratio between

50 g glucose challenge tests and the number of births per
annum (Unpublished, Ministry of Health, 2006). Penetration
ranges between 20 and 89% depending on district.

No recent prevalence data for diabetes in pregnancy 
(pre-existing or gestational diabetes) exist. Women of child-
bearing age in South Auckland had a prevalence of known 
diabetes up to 6.8% (Figure 18.2).23

Among New Zealand women with existing diabetes, 6%
Europeans, 18% Maori, and 16% Pacific women were diag-
nosed during pregnancy.6 Those with diabetes diagnosed in
pregnancy are over three times more likely to default from
both primary and specialist care compared with patients diag-
nosed in other ways.24

Management and outcomes of
diabetes in pregnancy
Management guidelines now generally follow those published
by ADIPS for either GDM14 or pre-gestational diabetes.25

The importance of pre-conceptual care was audited in the
early 1990s from the long-standing Canterbury (New Zealand)
insulin-treated register.26 This cohort includes predominantly
European participants with Type 1 diabetes. With an 
86% response, all women recognized the importance of good
blood glucose control during pregnancy and 69% were using
some form of contraception (combined oral contraceptive pill
(35%), the progesterone-only pill (12%), condoms (24%),
vasectomy (12%), and tubal ligation (12%)).

Outcomes at National Womens Hospital were particularly
poor in women with Type 2 diabetes in pregnancy between
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1985 and 1997. The cohort had high rates of perinatal mortality
in Type 2 diabetes in pregnancy (46.1/1000), when compared
with general rates (12.5/1000), Type 1 diabetes (12.5/1000)
and GDM (8.9/1000).27 Late fetal death (28 weeks gestation 
to term) was increased 7-fold, with intermediate fetal death
(20–28 weeks gestation) and neonatal death increased 2.5-fold.
Congenital malformations only accounted for 10% of the
perinatal mortality. Those with Type 2 diabetes included
women with GDM subsequently found to have diabetes 
post-natally. One confounding factor in these analyses was the
high proportion of Pacific women who have higher rates of
late fetal death in the background population.28 Congenital
anomalies were also studied in this cohort with 7.2% of
women with Type 1 diabetes having major congenital anomalies,
compared with 4.4% of women with known Type 2 diabetes,
4.6% in women with ongoing (Type 2) diabetes after GDM
and 0.9% among other women with GDM.29

Admission rates to the Neonatal Intensive Care Unit after
GDM and Type 2 diabetes in pregnancy at National Womens
Hospital were 29 and 40%, respectively.30 Those admitted had
high rates of pre-term delivery (46%), emergency Cesarean sec-
tion (40%), hypoglycemia (51%) and respiratory distress (40%).

GDM in New Zealand is associated with significant 
morbidity, partly due to the high proportion of women with
likely undiagnosed diabetes, as well as the higher background
rates of morbidity among non-European women.31,32 An audit
of all pregnancies complicated by GDM between 1991 and
1994 showed that, post-natally, permanent diabetes was present
persisted in 4.3% Europeans, 21.4% Maori, 21.7% Pacific 
and 12.0% others and a further 4.3, 14.3, 26.7, and 12.0% 
had IGT or IFG respectively.31 Ethnic differences were also
shown for the age at which GDM was diagnosed 
(29 ± 5 vs. 31 ± 7 vs. 32 ± 5 vs. 30 ± 5 years), smoking rates
(24.6, 63.2, 15.2, 2.4%), previous GDM rates (19.3, 34.2,
35.4, 16.7%) and gestation at booking (13 vs. 18 vs. 19 vs.
12 weeks) but not at referral to the diabetes in pregnancy 
service. Maori, Pacific and other patients had higher fasting
glucose concentrations at diagnosis. Birthweight was higher
among Pacific patients, whose babies were also more likely to
have neonatal hypoglycemia <1.6 mmol/L. Neonatal hypo-
glycemia was related to fasting glucose at diagnosis, mean
antenatal fingerprick glucose and a history of previous GDM.
There were no ethnic differences in induction rates (34.2%),
neonatal unit admission (27.1%), Cesarean section rates
(16.7–22.4%) or insulin use (42.1–61.6%).

The determinants of birthweight among European, Maori,
and Pacific women have been investigated in two studies.
At National Women’s Hospital between 1987 and 1989,33

the birthweights of babies from women with GDM, pre-
gestatational diabetes and control women were found to be
related to pre-pregnancy body mass index, cigarette smoking,
height, weight gain, and hypertension, but neither ethnicity
nor fructosamine. In contrast, among women without GDM
in South Auckland in 1994–1995,34 large babies (4+ kg) were
most common among Pacific people and less common among
Maori (24.3, 8.9 vs. 18.8%) among Europeans. Birthweight
increased significantly with maternal weight in all ethnic
groups. Smoking and being Maori were independently associ-
ated with smaller babies (58.1% Maori women being smokers
vs. <30% in the other ethnic groups). Across the groups,
a 1-h 50-g glucose challenge test result 5.2–6.2 mmol/L was
associated with 54% more large babies, and >6.3 mmol/L was
associated with over double the number of large babies, this
association was strongest with Pacific women.

Only one study of breastfeeding among women with 
diabetes in pregnancy has been undertaken in New Zealand.35

Breastfeeding rates at discharge among women with GDM
were 84.0% compared with 69.0% among women with Type 2
diabetes. The main influences on breastfeeding on discharge
were breastfeeding as the initial feeding method, APGAR
score, admission to baby unit and Cesarean section. There
were no significant ethnic differences in breastfeeding rates.

Long-term outcomes
No prospective follow up study of women with past GDM has
yet been published. A median 6-year follow-up of 14 women
with diabetic nephropathy after pregnancy showed significant
morbidity particularly progression to renal replacement 
therapy in 36%.32

Inter-generational effects of diabetes in pregnancy have
been researched in a number of ways.

Possible ethnic differences in predisposition to Type 2 
diabetes have been shown from studies of umbilical cord
blood and neonatal anthropometry. The first study from 
401 women showed that both Pacific and Maori babies had
higher cord fructosamine concentrations than European
babies.36 However, Pacific Island babies were also heavier,
and had higher cord insulin concentrations and subscapular
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skinfold thickness than European babies.36 A subsequent study
of 123 normal pregnancies showed that Polynesian babies had
a higher cord insulin: C-peptide ratio than European women37

in the setting of greater maternal obesity and marginally 
elevated (but ‘normal’) maternal glycemia. Umbilical cord
insulin was associated with higher neonatal blood pressure:38

the reasons for this remain unclear, although it may reflect
associations underlying the metabolic syndrome.

Umbilical cord leptin concentration are also higher among
Polynesians compared with Europeans and South Asians and
those from pregnancies complicated by GDM and Type 2 
diabetes.39,40 There were no ethnic differences in cord SHBG,
sex hormones, or IGF-I, although pregnancies complicated by
diabetes are associated with higher IGF-I levels.41 It was 
postulated that Polynesians and offspring of women with
GDM have leptin resistance at birth, the latter possibly due to
fuel-mediated teratogenesis affecting the adipo-insular axis.42

A 2 year 8 month follow-up of the babies from this study
showed that the adiposity of the offspring was correlated with
maternal pre-pregnancy weight and maternal serum triglyceride
concentration but not ethnicity (except that South Asian chil-
dren experienced faster weight gain than other ethnic groups).43

A household prevalence study of known diabetes among
55,518 residents found that those with Type 2 diabetes were

more likely to have a diabetic mother than father (Europeans,
21.7 vs. 9.9%; Maori, 17.6 vs. 11.4%; Pacific Islands, 15.7 vs.
5.3%).34 Adjusting for ethnicity, diabetic women with past
diabetes in pregnancy were 2.05 times as likely to have diabetic
offspring as women who had not had diabetes in pregnancy.
However, a follow up study of twenty-seven 5–10-year-old 
offspring of women with Type 1 or Type 2 diabetes reported
no influence of intra-uterine hyperglycaemia on alterations in
glucose regulation, but did not adjust for ethnic differences in
the proportions in the different groups.44

Conclusion
New Zealand is facing an growing number of women with
diabetes in pregnancy as a result of demographic shifts,
growing obesity and particularly the increasing numbers of
non-European women developing GDM and Type 2 diabetes
at a younger age. Research among New Zealand Asian women
is sparse, but Maori and Pacific women experience poorer out-
comes, partly as a result of longer (and often pre-gestational)
fetal exposure to hyperglycemia and maternal obesity. Of
greatest concern is the growing evidence that the offspring of
these women are at high risk of future diabetes and obesity.
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Introduction
Gestational diabetes mellitus (GDM) was classified as an 
independent type of DM by WHO in 1979, but it was still a
rare disease in China at that time and was not taught at 
medical schools. GDM was first listed as an independent chapter
in Chinese textbooks of obstetrics and gynecology in 1980.
Before then, very few papers were published about the disease.

The incidence of GDM in China
Descriptions of DM can be seen in ancient literatures from
China, India, Egypt, Greece, and Rome, although it is not 
necessarily the same as the ‘DM’ we are talking about today.
In the last two decades, the Chinese economy has developed
rapidly, and the disease profile of Chinese people has changed
greatly because of the new way of life. Diseases due to malnu-
trition and infection have been greatly reduced, while cancer
and chronic diseases such as cardiovascular diseases and DM
are now major health problems. According to data from
1996,the incidence of DM and impaired glucose tolerance in
the Chinese population above 20 years of age were 3.2 and
4.8%, respectively, and is almost 10% in large cities such 
as Beijing and Shanghai. The incidence of DM increased 
dramatically from early 1980s to the mid 1990s, and the
number of DM patients increased four to five times during 
that period, reaching 30–40 million. The total number of
Chinese people with abnormal blood glucose is now about 
100 million (Table 19.1).

In China, screening for GDM was first started in 1980.
Prior to this time, the reported incidence was very low
(0.24%). In the past 10 years, although screening has been 
carried out in most large Chinese cities, this is not the case 
for small cities and rural areas. China is such a big 
country, and the income, way of life, and food habits 
vary greatly. Additionally, the standards for screening and 
diagnosis of GDM are also different, so the reported incidence
of GDM also varies greatly. There is no reported incidence 
of GDM for whole China, only the incidence for different
regions. In Shanghai, the incidence of GDM is 2.88% (ADA),
3.86–5.33% for Beijing, 2.1% (WHO) and 3.8% (NDDG) for
Tianjin.

The incidence of GDM is also different for the different
ethnic groups in China; even in Asia, it varies from region to
region. Although it is found that Chinese women are at high
risk for GDM, the reported incidence of GDM is only 0.6% in
Taiwan and 2.2% for South Korea; all values are lower than
those for mainland China.

The pathogenesis and mechanism 
of GDM
In the last 5 years, many researches have been done to explore
the pathogenesis and mechanism of GDM in China. Lao from
Hong Kong reported that α-thalassemia, high hemoglobin,
elevated blood–iron concentration in late pregnancy, and
HBsAg carriers could increase the risk for GDM and so
Chinese women are at high risk for GDM. Zhang from Beijing
reported the close relationship between family history of DM,
GDM, and GIGT, especially the strong relationship between
DM of a mother and GDM of her daughter. Ying from
Shanghai reported that the unsaturated fatty acid content in
lipocyte membrane of GDM patients is lower than that 
of normal pregnant women, and the saturated fatty acid 
content in lipocyte membrane of GDM patients is higher than
that of normal pregnant women. Li from Guangzhou analyzed
the genotype of HLA-2DRB1 in GDM patients, and found
that the frequency of HLA-2DRB1 34 is higher in patients 
of GDM and GIGT.
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Table 19.1 Incidence of diabetes mellitus (DM) in the
Chinese population

Year DM (%) Impaired glucose tolerance (%)

1980 1.00 –
1989 2.02 2.95
1994 2.51 3.20
1996 3.21 4.8
2002 4–5 –
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Standards for screening and diagnosis
of GDM
In the last decades, the incidence of GDM has been increasing
gradually in China, but it varies from region to region.
One of the main reasons for the difference is the standard 
of diagnosing GDM: everyone has his or her own reason 
to use ADA or NDDG or WHO standard. There are two 
different opinions regarding the standard of diagnosing
GDM: one group of doctors insists on having only one 
official standard for the sake of convenience; the other 
group wishes to wait and compare the effectiveness of
different standards, and to try to select the best for the Chinese
population. Some doctors have even tried to suggest a real
Chinese standard, because they think ADA, NDDG, and 
WHO standards are not based on the Chinese population.
The newly formed Chinese GDM working group is now trying
to set up a national standard for the screening and diagnosis
of GDM in China.

In her study, Yang from Beijing suggested that the 3-h glucose
test could be saved without affecting the final result of OGTT,
and if an OGTT 2 h glucose >6.7 mmol/L is used as the 
cut-off value for GIGT, the incidence of GIGT will be
increased greatly, so its feasibility as a cut-off value should be
studied further. After careful study of the perinatal outcomes,
Wu from Beijing suggested that the 50-g glucose screening test
should be best done early in pregnancy, i.e. by 12–14 weeks,
as well as later in pregnancy, i.e. by 28 weeks.

The effect of GDM on maternal
complications and perinatal outcomes
Many researches have shown that if GDM is managed properly,
the incidence of maternal and fetal complications could be
reduced significantly. Yang from Beijing reported that, in their
series of GDM patients, only the incidence of pre-eclampsia,
macrosomia, and neonatal erythrocytosis were higher than
those of euglycemic pregnant women. This might not be the
case in small cities and rural areas where GDM screening is
still not carried out; undetected GDM might lead to severe
maternal, fetal, and neonatal complications. Diabetes is only
diagnosed when maternal diabetic ketoacidosis or fetal death
occurred. This scenario will not change until the importance
of GDM is recognized by more obstetricians and there is 
universal screening for GDM throughout China, so that GDM
patients are diagnosed and managed properly.

Management of GDM
The goal of managing GDM is to achieve euglycemia or
almost euglycemia. If this could be done, the maternal and
perinatal outcomes will be as good as that of the normal preg-
nant women. Just like in diabetes of nonpregnant women,
the management of GDM includes nutritional management,
exercise, and medical treatment; the importance of glucose
monitoring can not be over-emphasized.

Nutritional management
Dietary control is very important not only for GDM patients,
but also for normal pregnant women. The incidence of
macrosomia is about 5–10% in most Chinese hospitals.
If GDM is not detected and managed properly, the incidence
of macrosomia could be as high as 50%. But if dietary control
is carried out strictly, most patients do not need insulin 
therapy and the incidence of macrosomia could be greatly
reduced. The ideal dietary control should provide the 
necessary nutrition to both mother and fetus, achieve well-
controlled glucose levels, and avoid hypoglycemia and ketosis.
The ideal body weight (IBW = height − 100) should be calcu-
lated first, and the daily calorie requirement is calculated
according to the standard of 30–35 kcal/kg. The proportions
of carbohydrate, protein, and fat are 40–50, 25–30, and
25–30%, respectively. In order to counter-balance the effects
of day and night fluctuation of anti-insulin hormones of
pregnant women, GDM patients are advised to have five meals
a day. The proportion of calories should be divided reasonably,
breakfast 10%, lunch 30%, dinner 30%, and 10% for three
snacks. Vitamin E and unsaturated fatty acid are also recom-
mended in the diet to against the possible teratogenic effect of
free radicals caused by GDM.

The problem of clinical nutrition in China is that we do not
have sufficient well-trained, qualified dietitians and dietary
control can not be carried out as well as we wish. The average
birthweight of Chinese newborn is around 3200–3400 g,which
is much heavier than the average birthweight of Japanese 
newborns (3000 g).

Medical treatment
The most commonly used drug is recombinant human insulin.

Exercise
Proper exercise could help to control the glucose level of GDM
patients, because it is believed that exercise could increase the
sensitivity of peripheral tissues to insulin. Some Chinese 
hospitals already ask GDM patients to exercise, especially the
upper limbs. Because most Chinese doctors and patients are
somewhat conservative about exercise during pregnancy, there
is still a long way to go before the value of exercise is widely
accepted by GDM patients in China.

Follow-up of GDM after delivery
GDM patients are encouraged to breast feed their babies after
delivery. Patients receiving insulin could benefit more from
breast feeding because the dosage of insulin could be reduced
after breast feeding. Breast-fed babies could also benefit as the
incidence of Type 2 DM is lower in breast fed babies when they
grow up. More and more Chinese doctors are becoming aware
of the importance of breast feeding in GDM patients, the rate
of breast feeding in GDM patients has been increasing steadily.

About 30% of GDM patients will still have persistent
abnormal glucose tolerance after delivery and some will 
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eventually develope Type 2 DM. So it is recommended that
75-g OGTT should be done 6–8 weeks after delivery or after
breast feeding ceases. For women with a history of GDM,
a low-dose oral contraceptive is not a contraindication.

A multicenter study to follow up the outcomes of GDM
after delivery has just started in China, but it will be many
years before the final results are available.

Shanghai model of managing
diabetes during pregnancy
One general hospital in Shanghai has been selected as the
referral center for diabetes (including GDM) during pregnancy
for the whole Shanghai area. This center is also responsible for
setting up guidelines, coordinating clinical trials, and collecting
data. It is hoped that, by doing so, GDM can be studied and
managed more efficiently.

Perspectives
GDM study group
The GDM study group of the Chinese Perinatal Society was
established in April 2005, and the first meeting has been held.
The group’s aims are to:

● Disseminate knowledge of GDM throughout China and
encourage more doctors to screen, diagnose, manage, and
follow-up the disease

● Encourage more hospitals to become involved in the study
and management of GDM

● Organize multicenter clinical trials and training concerning
GDM

● Organize national meetings to discuss aspects of GDM
● Establish a network of cooperation about managing GDM

The e-mail address of the group is gdm2005_china@yahoo.
com.cn, and a website will soon be established.

Clinical guideline
In the future, a clinical guideline about GDM will be written
by the group. However, one guideline is not enough for China,
because the medical conditions and levels of doctors in China
are so ‘heterogeneous’! In large Chinese cites, the average GDP
per capita is around 8000–10,000 US dollars, while in poor
western China, the average GDP per capita is only around
700–800 US dollars, which is almost the same level as in some
African countries. Therefore, one clinical guideline is theoret-
ically not acceptable for this scenario. One practical way of
solving this problem is to have two versions of the clinical
guidelines: the ‘standard version’ for big hospitals, and a ‘basic
version’ for the other hospitals.
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Introduction
The history of diabetes and pregnancy started in Europe and
the USA after the discovery of insulin in 1921 and Japan 
followed about 30 years later. However, until the 1960s, Japan
had very few diabetic young women and generally doctors
advised them not to become pregnant. In those days, our 
medical schools taught students that diabetic patients should
not become pregnant because of the high risks attached. If
women became pregnant and the presence of diabetes was not
diagnosed, it was considered possible that stillborn babies
would result. Therefore, doctors strongly encouraged preg-
nant diabetic patients to abort their pregnancies.

However, during the mid 1960s clinical research into 
diabetes and pregnancy began in Japan. Since then, diabetic
patients have been well informed by their doctors and the
media that it is safe to become pregnant.

Young Japanese diabetics are mainly
Type 2
As I have reported from time to time, Japanese diabetes is 
predominantly Type 2. This also applies to juvenile onset 
diabetes. Figure 20.1 shows the chronological change of
pregnant diabetics treated by myself from the first delivery of
diabetic pregnant women in Tokyo Women’s Medical
University from 1964 until my retirement in 1997.

This figure demonstrates two characteristics of pregnant
diabetics. Firstly, there is a drastic increase of the number of
diabetic pregnant women since the 1960s. Secondly, it indi-
cates that the number of Type 2 diabetic pregnant women is
greater than Type 1. In the Diabetes Center of Tokyo Women’s
Medical University (TWMU), Type 1 diabetic pregnant
women constituted 32.3% of the total. This was made possible
by the rigid supervision of the diabetologists for children of
the hospital. However, generally, there is 95% Type 2 diabetic
women and only 5% Type 1 throughout Japan.

Figure 20.2 shows the type of diabetes diagnosed before the
age of 30 at the Diabetes Center of TWMU from 1960 to 2004.1

A total number of 4063 patients were used for this data. There
were 1746 Type 1 and 2317 Type 2 patients. It demonstrates the
characteristics of Japanese young patients. The number of

Type 1 diabetic patients decrease until the age of 30, and the
incidence of diabetes in girls is higher than boys.

Type 2 diabetic patients can be detected in children from as
early as 1 year, and the number of patients increases as they
grow older. Males are more affected than females. Laakso,
from Finland, considered that the number of Type 2 diabetic
patients increases from 30 years of age.2

The above findings clearly indicate that juvenile onset 
diabetes differs between ethnic groups. Research by Ogata et al.
confirms the findings of the Asian group in The SEARCH for
Diabetes in Youth.3

Incidence of deliveries from women
with abnormal carbohydrate
metabolism throughout Japan
In 1971, I started to survey the status of diabetes and 
pregnancy throughout Japan every 5 years. This research is
still being carried out by appointed members of the Japanese
Association of Diabetes and Pregnancy. The classification 
of the type of diabetes in the survey by questionnaire was 
difficult due to the lack of knowledge of the disease by the
doctor respondents. Therefore, pregnant women with abnormal
carbohydrate metabolism are included in Type 1, Type 2, and
gestational diabetes in Table 20.1.

The incidences of deliveries from women with abnormal
carbohydrate metabolism throughout Japan from 1996 to
2002 have increased from 0.55 to 0.87%.4 The number of both
GDM and prediabetic women are increasing year by year.
Diagnosis of GDM was used as a diagnostic criterion in Japan.5

Special problems of Type 2 diabetic
pregnant women based on 
a nationwide survey
In the first survey from 1971 to 1975, perinatal mortality was
very high (10.8%), although the number of deliveries from
pregnant diabetic women was very few.6 Throughout Japan,
diabetes control was not good, therefore the mortality rate,

Diabetes and pregnancy 
in Japan
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including intrauterine death, was very high. However, 20 years
later in the fifth survey conducted from1991to 1995, it had
decreased to 2.2% (Figure 20.3). Moreover, in the sixth survey
from 1996 to 2002, perinatal mortality rate improved to
0.7%.4 This is believed to be a result of disseminating the
information that normalizing blood glucose was important.

In contrast, the rate of congenital malformations has
remained basically unchanged staying around 6% between
the time of the first survey to the fifth survey. In the sixth
survey, the congenital malformation rate from diabetic mothers
whose type of diabetes could be determined was 5.2% in 
children from both Type 1 and Type 2 diabetic mothers.

Figure 20.1 Chronological change of pregnant diabetics 1964.2-1996.12 Diabetes Center. Tokyo Women’s Medical College.
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Figure 20.2 Number of patients with T1D and T2D diagnosed before the age of 30. Diabetes Center, TWMU, 1960–2004:
Ogawa Y, Unchigata Y, et al., Diabetes Care 2007; 30(5) e30.
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There is a relationship between congenital malformation rate
and HbA1c levels by 10 weeks of gestation.4 When HbA1c levels
are more than 8%, the congenital malformation rate increases
greatly. Based on my experience in the Diabetes Center of
TWMU the congenital malformation rate of children from preg-
nant diabetic women diagnosed during pregnancy was 12.7%.7

It had been reported that the formation of congenital
abnormalities of children from diabetic mothers is complete
until 7 weeks of gestation.8

Steel et al.9 and Fuhrman et al.10 reported that congenital
malformations could be prevented by pre-pregnancy manage-
ment. Despite insistence upon the importance of planned
pregnancy, some pregnancies occur and diabetes remains
undetected or, in the worst cases, patients with bad control are
referred only after pregnancy.

The chronological changes in pre-pregnancy management
in patients I have treated at the Diabetes Center of TWMU are
shown in Figure 20.4. The rate of pre-pregnancy management
was around 70% in Type 1 diabetics, and 40% in Type 2 dia-
betics and the rate has not changed since then.

Although a high rate of congenital malformations in new-
borns from diabetic mothers still exists and is still a big prob-
lem, nowadays, advances in medical treatment ensure that
diabetic women never have to experience the grief of losing
their unborn babies.

Through these data, special problems of Type 2 diabetic
pregnant women were identified as:

● First diagnosis of diabetes at pregnancy: the diabetes is
undiagnosed and untreated until pregnancy.

Table 20.1 The number of incidences of deliveries from women with abnormal carbohydrate metabolism 
throughout Japan 1996 – 2002

Year Total No. of deliveries Women with abnormal carb. metab. Incidence

1996 100.213 (cases) 547 (cases) 0.55 (%)
1997 101.785 615 0.60
1998 107.066 698 0.65
1999 105.765 734 0.69
2000 110.728 822 0.74
2001 108.331 882 0.81
2002 106.539 936 0.87
Total 740.427 5.224 0.70

By Working group (M. Sanaka, N. Toyota et al.) of Japanese Association of Diabetes and Pregnancy.

Figure 20.3 Perinatal mortality and Congenital malformations among newborns from diabetic mothers throughout Japan
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● Diabetic pregnant women with microangiopathy:
formation of diabetic complications takes a long time; even
so, there are some pregnant women with retinopathy 
or nephropathy.

● Diabetic complications affect mother and fetus.
● The number of patients with GDM, including Type 2 

diabetic women, is still increasing.

Diabetic retinopathy or nephropathy
during pregnancy
According to my experiences at the Diabetes Center of
TWMU, 12.7% of pregnant diabetic women diagnosed during
pregnancy had simple retinopathy and 4.2% had proliferative

retinopathy (Table 20.2).7 Fortunately, treatment for retinopathy
has advanced remarkably.

However, nephropathy continues to be a serious problem.
I treated diabetic pregnant women with nephropathy at the
Diabetes Center of TWMU from 1964 to 1996. There were 
13 deliveries out of 631 and only 2.1% had nephropathy. Their
incidence is not significantly different. Six (2.9%) were Type 1
and seven (1.6%) were Type 2 diabetics.

The clinical features of 13 patients were very severe. All had
background or proliferative retinopathy and their HbA1c
levels were almost all high when they were referred to our 
hospital. Their pregnancy could not continue to full term and
birthweight of the newborn was low. Prognosis after delivery
was very serious.

A comparison of incidences of diabetic pregnant women
with nephropathy was made. During my 32 years at the
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Figure 20.4 Comparison of Prepregnancy Management of Type 1 and Type 2 Diabetic Pregnant Women
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Table 20.2 Congenital malformations and diabetic retinopathy among GDM patients and pregnant diabetics 
diagnosed during pregnancy

Diabetes Center, Tokyo women’s Medical University

Congenital malformations 
Cases 104 deliveries 105 babies Simple retinopathy Proliferative retinopathy

GDM
104

1571
2

105 0 0
(6.6%) (1.9%)

71 deliveries 71 babies

Pregnant diabetic
women diagnosed

71
1571

9
71

9
71

3
71

during pregnancy (4.5%) (12.7%) (12.7%) (4.2%)

by Omori
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Diabetes Center of TWMU only 2.1% of my patients had
nephropathy. In contrast, a more recent study conducted by
my colleagues for a period of 7 years from 1997 to 2003,
showed that there was 6.6% of patients with nephropathy
(Table 20.3).11

The following reasons may in one way or another have
contributed to the increase of diabetic pregnant women with
nephropathy: (1) their diabetes may have not been treated
until pregnancy; or (2) treatment may have been discontin-
ued sometimes; or (3) perhaps the patients had been treated
by physicians who did not specialize in diabetes.

A clinical research related to nephropathy was performed by
Yokoyama, one of my colleagues at the TWMU.12 Cumulative
incidences of diabetic nephropathy in early onset Type 1 and
Type 2 diabetic patients is shown in Figure 20.5. He compared

the incidence of diabetic nephropathy between Type 1 and
Type 2 diabetics during four periods.

From 1965 to 1984, medical treatment for Type 1 
diabetes became more advanced. Consequently, incidences of
diabetic nephropathy in early onset Type 1 diabetic patients
decreased. In contrast, with the same advanced medical 
treatment, incidences of diabetic nephropathy in early onset
Type 2 diabetic patients has not changed, even in more recent
years.

Based on the result of the study, we can speculate that 
Type 2 diabetes may be more prone to microangiopathy, and
the development of nephropathy may be influenced by the
lack of a diagnosis of the disease over a long time.
Additionally, discontinuing treatment may also have 
contributed to the results of the study.

154 Diabetes and pregnancy in Japan

Table 20.3 Incidence of diabetic pregnant women with nephropathy

Diabetes Center, Tokyo Women’s Medical Univ.

Feb. 1964 ~ Dec. 1996 Jan. 1997 ~ Dec. 2003
over a 32-year period *Over a 7-Year period

Type 1
6

204 (2.9%)
12

185 (6.5%)

Type 2
7

427 (1.6%)
9

133 (6.8%)

Total
13

631 deliv. (2.1%)
21

318 (6.6%)

*Sanaka M. et. al., JDP 6 (1) 127 – 135, 2007.

0 4 8 12 16 20 24 28 (year) 0 4 8 12 16 20 24 28(year)
Duration after the age of 10 Duration after the age of 10

Yokoyama H, et al., Kidney International 58:302, 2000.
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Figure 20.5 Cumulative incidence of diabetic nephropathy in early onset Type 1 and Type 2 diabetes patients
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Differences between Type 1 and 
Type 2 diabetic pregnancies
I observed differences between Type 1 and Type 2 diabetic
women and compared BMIs before pregnancy, family history,
insulin requirement during pregnancy, weeks at delivery,
neonatal birthweight, and neonatal complications.13 I found
no obvious differences. The following points should be noted
in relation to treatment.

In Type 1 diabetic pregnant women:

● Duration from onset of disease to pregnancy is long. If dis-
ease control is poor, there are many cases with retinopathy
or nephropathy.

● The requirement for insulin during pregnancy is greater
than for nonpregnant women.

● Major malformation is predominant in congenital 
malformations.

● Fulminant-type diabetes which was discovered in Japan
relates to pregnancy.14

In Type 2 diabetic pregnant women:

● The time of onset is unclear.
● Sometimes diabetes is detected at the first pregnancy,

and there are pregnant women with retinopathy or
nephropathy.

● GDM will develop to Type 2 diabetes.

Treatment for Type 1 and Type 2 diabetes in pregnant women
is the same, although treatment of pregnant women with Type 2
diabetes is easier than Type 1. Insulin secretion in the Type 1
diabetic patients is non-existent, but some secretion remains
in Type 2 diabetic patients.

Conclusion
In countries where Type 2 diabetes is dominant, even juvenile
diabetics, detection of diabetes before pregnancy should be
practised in order to prevent complications for a mother and
fetus before and during pregnancy.
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Introduction
Gestational diabetes mellitus (GDM) is one of the most
common medical complications of pregnancy. The widely
used definition of GDM (‘carbohydrate intolerance of vary-
ing degrees of severity with onset or first recognition during
pregnancy’)1 has been accepted for more than a quarter of a
century. Nevertheless, for many years, there has been much
debate and controversy about GDM with respect to: (1) its
clinical significance and benefit of treatment; (2) optimal
strategies for detection and diagnosis, and (3) appropriate
treatment goals and methods. Publication of the results of a
randomized clinical trial that compared standard treatment
of GDM to no intervention and showed better outcomes with
treatment2 has reduced concerns about the benefit of identi-
fying GDM. However, the polarization of opinion about the
detection and diagnosis of GDM has not abated. In 2003, the
U.S. Preventive Services Task Force concluded that: ‘because
of the lack of high-quality evidence concerning critical issues,
we are unable to determine the extent to which screening has
an important impact on maternal and neonatal health out-
come’ and recommended a randomized controlled trial to
answer remaining questions.3

The Fourth International Workshop–Conference on GDM
considered these issues in depth.4 More ‘flexible’ positions
were taken concerning screening and diagnostic criteria for
GDM than had been recommended by the contributors to the
previous workshop conferences.5,6 For the first time, a strategy
for potential ‘exclusion from blood glucose testing’ on the
basis of below average risk for GDM, rather than performing
blood glucose testing of all pregnant women was offered.4 On
the issue of diagnostic criteria, the Summary and
Recommendations of the Fourth International Workshop
Conference on GDM4 stated “data presented at the conference
indicated that the infants of women who meet these lower
Carpenter–Coustan criteria are at similar risk for perinatal
morbidity, including macrosomia, as those patients identified
using the NDDG criteria.”1

Thus, the Carpenter and Coustan criteria7 were recommended
for interpretation of the 100-g OGTT. In addition, criteria for

interpretation of a 75-g 2-h OGTT were proposed, but not
endorsed.4 It was also acknowledged that the recommenda-
tion from the World Health Organization (WHO) that levels
of glycemia during pregnancy should be interpreted according
to the criteria used outside of pregnancy8 has gained accept-
ance in some centers. This practice was likewise not endorsed.4

The recommendations of the American Diabetes Association’s
‘Position Statement on Gestational Diabetes Mellitus’9 closely
parallel those of the Fourth International Workshop
Conference.4 The Fifth International Workshop Conference
on GDM has endorsed the recommendations for screening
and diagnosis of GDM10 that were reached at the Fourth GDM
Conference.4

The objective of this chapter is to assess the current status
of issues regarding the detection and diagnosis of GDM. The
positions taken at the Fourth International Workshop
Conference on GDM serve as a point of reference. New
approaches to detection and diagnosis of GDM that have been
recommended in the interim have been summarized. Initial
reports from the Hyperglycemia and Adverse Pregnancy
Outcome Study11,12 will become available during 2007. The
primary goal of the HAPO study is to determine the degree of
glucose intolerance short of diabetes that conveys a clinically
important risk for adverse perinatal outcome. The data that
have been collected in the HAPO study should permit the
selection of ‘outcome-based’ criteria for the diagnosis of
GDM. When translation of this information is implemented,
strategies for detection and diagnosis of GDM may well be
changed extensively from their current status. For the interim,
the primary focus is on recent studies that have bearing on the
problems of detection and diagnosis of GDM as currently
defined, in conjunction with a less comprehensive review of
historically important earlier reports.

Screening strategies
There is no debate about the longstanding observation that
when overt diabetes mellitus (DM) occurs during pregnancy
it is associated with adverse maternal and fetal outcomes.

Detection and diagnostic
strategies for gestational
diabetes mellitus
Boyd E. Metzger and Yoo Lee Kim
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Since early diabetes, especially Type 2 DM, is usually 
asymptomatic, virtually all care-givers are alert to the need to
detect and treat overt diabetes. Therefore, they all engage in
some form of a screening process. Indeed, it has been
acknowledged that systematically taking a personal and family
medical history represents a form of screening, or at least, an
assessment of risk. Furthermore, though the presence of
glucosuria is neither very sensitive, nor specific for the 
identification of diabetes during pregnancy, it remains a
common practice to test urine for glucose and protein at each
prenatal visit. The differences then, are not whether to screen
for glucose intolerance during pregnancy, but rather, differ-
ences revolve about the following four questions: (1) what
level or severity of glucose intolerance should be identified
and treated; (2) how prevalent is the condition; (3) which
patients require blood glucose testing in order to identify the
individuals that need to be detected; and (4) are the 
sensitivity, specificity, and reproducibility of the screening
procedure that is recommended adequate to serve the
intended purpose? Some of these questions have remained
controversial for more than three decades. In the meantime,
the need to resolve the issues has become acute because the
prevalence of GDM has increased substantially during the last
decade.13,14 In the sections that follow, we have attempted to
provide an overview of the contemporary issues that relate to
detection of GDM.

Use of high-risk characteristics as a screening tool
Historically, investigators and clinicians were aware of the
serious adverse outcomes associated with maternal diabetes
and instances of diabetes mellitus being present during preg-
nancy with its disappearance postpartum were documented
many years before GDM became designated as a distinct
entity.15 These factors prompted some clinicians to begin test-
ing for diabetes during pregnancy among women with a his-
tory of previous ‘poor obstetric outcomes’, those with severe
obesity or with a strong family history of diabetes. After defi-
nitions of abnormal glucose tolerance in pregnancy were
established, many continued to apply the strategy of limiting
testing to such ‘high-risk’ subjects. On the other hand, in the
1950s, it was a common practice to use the measurement of
blood glucose concentration 1-h after ingesting a 50-g glucose
load as a screening test for glucose intolerance or diabetes
mellitus in various populations. It was in this context that
O’Sullivan and co-workers developed the 50-g glucose chal-
lenge test16,17 in concert with the criteria that they proposed
for interpretation of a 100-g OGTT during pregnancy.16 In the
original study, a sensitivity of c.80% was achieved with the
proposed cutoff value of 130 mg/dL (venous whole blood).
O’Sullivan’s group17 and others in years following18–21 demon-
strated much higher yields of GDM by performing the glucose
challenge test (GCT) on all pregnant women rather than
doing blood glucose testing only on those with high-risk char-
acteristics. Furthermore, it was more cost-effective, since fewer
diagnostic OGTTs were performed on the basis of a GCT than
when high-risk characteristics are used to select women for a
full diagnostic test. Nevertheless, selecting subjects for diag-
nostic tests on the basis of high-risk features remains popular,

in part because it does not require blood glucose testing on
two separate occasions.

Screening based on risk stratification
For many years, some experts have advised that ‘risk assessment’
for GDM should be conducted as part of the initial prenatal
evaluation and that those considered ‘high risk’ on the basis of
historical factors should undergo initial blood glucose testing
early in pregnancy.22 This strategy has also been suggested in the
‘Summary and Recommendations’ reports of the International
Workshop Conferences on GDM. However, in practice, this
point is commonly overlooked, resulting in a delay in the detec-
tion of GDM until after the 24–28 week window is reached,
i.e. the standard or routine time for testing. Published reports
from the Toronto Tri Hospital Study23,24 and other data confirm-
ing a low prevalence of GDM among younger women25

prompted the participants of the Fourth and Fifth International
Workshop Conferences4,10 and the ADA Expert Committee9 to
recommend a strategy for potential ‘exclusion from blood glu-
cose testing’ on the basis of below-average risk for GDM (Box
21.1) rather than relying on the former strategy of testing only
on the basis of perceived ‘high-risk’. It is important to emphasize
that all of the low-risk characteristics must be present for an
individual to qualify for exclusion from blood glucose testing. As
indicated in the Summary & Recommendations of the Fourth
and Fifth GDM Workshop Conferences,4,10 when blood glucose
testing is required, either a one-step procedure (diagnostic test
performed on all subjects) or a two-step procedure (initial
screening test in all cases, with the diagnostic test reserved for
those above a defined threshold value) is acceptable.

A number of groups have reported results of their efforts to
apply the Fourth International Workshop Conference and
American Diabetes Association endorsed guidelines for the
identification of subjects to be excluded from blood glucose
testing based on their low-risk characteristics.4,9 Williams 
et al.26 analyzed their screened population and those with a
diagnosis of GDM using the NDDG criteria1 that were also
used in the Toronto Tri Hospital study.23,24 They found that if
the recommendations of the Fourth International Workshop
Conference and the ADA4,9 had been applied, few cases with
GDM would have been missed (4%); however, most (c. 90%)
would still have required blood glucose testing. Danilenko-
Dixon et al.27 did a retrospective analysis of 18,504 women
that were universally screened for GDM with the 50-g GCT
over an 11-year interval at the Mayo Clinic, Rochester, MN.
They also found that use of the guidelines4,9,10 would have
failed to screen and detect only a small proportion (3%) of the
women with GDM but would have required that 90.4% of
the population receive the GCT. Corcoy et al.28 determined the
prevalence of low-risk characteristics in 917 women in the
general population and among 1635 women with GDM at
their hospital in Barcelona, Spain. Only 1.3% of GDM were
classified as low risk; whereas the proportion of the general
population with these characteristics was 7.0% (P < 0.001).
Moses et al.29 reported that lean Caucasian women, <25 years
of age, had a prevalence of GDM that was 2.8%, compared to
6.3% overall, and suggested that the published guidelines for
identifying pregnancies that could be excluded from blood
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Box 21.1 Screening strategy for detecting gestational diabetes mellitus*

GDM risk assessment should be ascertained at the first prenatal visit
Low risk Blood glucose testing not routinely required if all of the following characteristics are present

● Member of an ethnic group with a low prevalence of GDM
● No known diabetes in first-degree relatives
● Age <25 years 
● Weight normal at birth†

● Weight normal before pregnancy
● No history of abnormal glucose metabolism
● No history of poor obstetric outcome

Average risk ††Perform blood glucose testing at 24–28 weeks in the following
● All subjects not classified as low risk or high risk
● Subjects initially designated high risk that did not have GDM at early testing

High risk Perform blood glucose testing as soon as feasible after booking if one or more of the following 
characteristics are present
● Severe obesity according to local standards
● Strong family history of Type 2 diabetes mellitus
● Previous history of GDM or glucose intolerance outside of pregnancy
● Glucosuria

If GDM is not diagnosed, blood glucose testing should be repeated at 24–28 weeks, or at any time a patient has symptoms or
signs that are suggestive of hyperglycemia

*Based on Metzger and Coustan.4
†Based on Metzger et al.10

††Blood glucose testing by: (1) the two-step procedure: 50-g glucose challenge test (GCT) followed by a diagnostic oral glucose tolerance test (OGTT) 

in those meeting the threshold value in the GCT; or (2) a one-step procedure: diagnostic OGTT performed on all subjects.

glucose testing4,9,10 require further study. It should be noted,
however, that Moses et al. used criteria for the diagnosis of GDM
that yield a much higher prevalence of GDM than is the case
when the NDDG1 or Carpenter–Coustan7 criteria are applied. It
must be emphasized that the strategy for identifying cases to be
excluded from blood glucose testing has been formally tested
only for the application of the NDDG diagnostic criteria.1

Some novel approaches to identifying subjects at low risk
have been reported. Southwick and Wigton30 found only 9.2%
with a positive GCT and a prevalence of GDM of only 1.5%
among young (<20 years of age) Hispanic women and they sug-
gested that blood glucose testing of this subgroup of young
pregnant women might not be warranted. Young et al.31 looked
at the prevalence of a positive GCT and of GDM in a group of
352 women that were seen for prenatal care with a second preg-
nancy after an interval of ≤4 years. All had a negative GCT (<7.8
mmol/L) during the index pregnancy, but <10% would have
qualified for exclusion from blood glucose testing on the basis
of low-risk characteristics. In the second pregnancy, 12 had a
positive GCT but none met the NDDG diagnostic criteria for
GDM1 on the diagnostic OGTT. They concluded that women
with a normal GCT in one pregnancy have a minimal risk of
GDM in near future and could be excluded from blood glucose
testing in a pregnancy occurring within the next 4 years.

Blood glucose screening tests: Two-step procedure
Glucose challenge test
The GCT, described briefly in the previous section, is the
screening test most commonly used by those who employ a
two-step procedure for GDM detection and diagnosis; however,

the test has limitations and many critics. It is relatively com-
plex in that it involves administration of a specific glucose
load and requires phlebotomy 60 min later. At threshold
values that achieve the desired degree of sensitivity, the GCT
has relatively low specificity. Furthermore, results are not
highly reproducible. It is important to consider several factors
in deciding whether or not to use the GCT. These include: (1)
the proportion of screened subjects on which it is feasible to
do the diagnostic test; (2) the diagnostic criteria that will be
used in the interpretation of the OGTT; and (3) the desired
levels of sensitivity and specificity.

Many variations of the 1-h GCT have been explored. Doing
the GCT in the overnight fasting state or without controlling
the interval since last eating has been compared in two studies
with opposing conclusions being reached. No reasons for the
difference are apparent.32,33 Many investigators have proposed
using cutoff values for a positive GCT other than the ≥7.8
mmol/L plasma glucose concentration that was extrapolated
by the NDDG1 from the original whole blood glucose cutoff
value of >7.2 mmol/L originally used by O’Sullivan et al.17

with different levels of sensitivity and specificity reported.
There is also evidence that the cutoff values needed to obtain
similar levels of sensitivity and specificity in the diagnosis of
GDM differ when using the NDDG criteria or the
Carpenter–Coustan diagnostic criteria.34,35 Others have pro-
posed that higher specificity can be achieved without loss of
sensitivity by varying the value for a positive test according to
the interval between the last intake of food and the time of the
GCT.24,25,36,37 Use of 50-g of glucose polymer38 or of a quantity
of jelly beans equivalent to 50-g of glucose39 as test doses have
been advocated as ways of improving the palatability of the
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test dose (less nausea or vomiting, factors that require the test
to be repeated) while maintaining performance similar to that
seen with the usual GCT procedure. Although some of these
proposed alternatives are appealing, none of these modified
GCT procedures has been used widely and none has consis-
tently been found to be superior to the standard way of doing
the GCT.

Analysis of samples collected at random times
Collecting blood samples for measurement of glucose concen-
trations without regard to time of day or interval since the last
food intake (random sampling time) has also been advocated
as a simpler and adequate method for blood glucose screen-
ing.40 However, others have found this approach to be very
insensitive for the detection of subjects with degrees of glucose
intolerance short of overt diabetes mellitus.41,42

Fasting plasma glucose as a screening test
Many investigators have found a relatively strong correlation
between the concentrations of fasting plasma glucose (FPG)
and postprandial plasma glucose (PPG) in nonpregnant sub-
jects with normal glucose metabolism, impaired glucose toler-
ance (IGT) or early Type 2 DM. For example, the association
between FPG and PPG was used to select individuals at high
risk for IGT as candidates for enrollment in the Diabetes
Prevention Program (DPP). The DPP demonstrated that pro-
gression from IGT to diabetes could be prevented or delayed
by lifestyle changes or the use of metformin.43

The concentration of FPG has also been examined as a
means of detecting subjects at risk for GDM (Table 21.1).44–48

Some investigators have reported an upper level for FPG that
has high specificity for the diagnosis of GDM (≥90 %);44,45,47,48

however, such values cannot be used as the sole marker for
GDM since most cases have a FPG concentration below the
putative threshold. Other investigators have attempted to
identify a level of FPG that can specifically exclude individuals
with GDM. In different studies, various ‘cutoff values’ have
been recommended because a certain blood glucose level
could exclude approximately one-third to one-half of the pop-
ulation from further testing beyond this ‘simple test’.44,47

Significant limitations in most of these studies reduce the
ability to extrapolate the findings to the obstetric population
at large. First, in only two of the studies46,47 were measure-
ments of FPG and a diagnostic OGTT performed on an ‘uns-
elected’ population of pregnant subjects. Population-based
measurements are needed to verify that the defined upper
level of FPG truly has acceptably high specificity for the pres-
ence of GDM. For example, it has been reported that women
with normal carbohydrate metabolism who were severely
obese failed to show a fall in FPG during pregnancy and actu-
ally tended to have a small increase.49 That report does not
contain the FPG values from the obese subjects; however, the
inter quartile ranges given for the values in early pregnancy
and the subsequent upward trend in values that was observed
indicate that in the third trimester, values in excess of 5.8
mmol/L were present in some of the obese pregnant subjects
with normal glucose tolerance. It is also important to establish
that putative lower ‘cutoff levels’ truly have sufficient specificity
to be used to exclude GDM in normal weight and lean pregnant

women. Finally, the usefulness of FPG as a ‘screening tool’
depends on the criteria used for the diagnosis of GDM. This is
clearly illustrated in the report by Reichelt et al.47 (Table 21.1).
The optimal sensitivity/specificity relationship for the detec-
tions of diabetes mellitus during pregnancy (WHO criteria8)
was found for a FPG ≥4.9 mmol/L; whereas, sensitivity for the
detection of gestational impaired glucose tolerance (WHO
criteria,8) was much lower. Instead, a value of 4.5 mmol/L was
chosen as the ‘lower limit’ cutoff for excluding GDM or gesta-
tional IGT. This value had a sensitivity of 82% and negative
predictive value of 97% and could be used to eliminate the
need for a diagnostic OGTT in about half the population.

In the aggregate, the studies that are summarized in 
Table 21.1 do not make a convincing case that a single meas-
urement of FPG can be cost-effectively substituted for the 1-h
GCT as a screening test. In the largest, most complete study
from Brazil,47 the cutoff would have to be set at 4.5 mmol/L
and 49% of the subjects would have to undergo an OGTT to
ensure the detection of c. 81% of GDM cases. Finally, in the
studies summarized in Table 21.1, the specific levels of FPG
that have been suggested as high or low ‘cutoff values’ vary.
This may be a function of true differences among populations.
Alternatively, variation may result from different analytical
methods or specific analytical instruments that were
employed for the studies. Either option suggests that the
choice of a specific FPG concentration to screen for subjects at
increased or low risk for GDM may need validation for each
center and population before this strategy is implemented.

Methodological and instrumentation issues
The comments about methodology and instruments above
serve as an introduction to consideration of the potential util-
ity of measuring the capillary blood glucose concentration
with strip and meter technology to identify subjects that
should have a diagnostic OGTT. During fasting, concentra-
tions of glucose in capillary and venous blood are similar, but
concentrations differ in the postprandial state, being higher in
capillary than venous blood. Though whole blood is sampled
for most analyses by strip–meter techniques, glucose is actu-
ally measured in a plasma ultrafiltrate with many of the tech-
niques that are currently in use. However, the validity of a
given method is ultimately established by the precision and
accuracy of the measurements. Careful review of published
data50,51 indicated that a lack of precision would be an impor-
tant issue for most systems. Thus, to maintain the desired sen-
sitivity, thresholds for positive tests would have to be lowered
to values that would reduce specificity and greatly increase the
number of cases referred for OGTT. In addition, when preci-
sion and accuracy are deemed to be adequate, it remains
essential to establish stability over time and to participate in a
standardized external quality assurance scheme. Such schemes
are not typically available for office-based procedures. Dillon
et al.52 have proposed an approach that combines meter based
testing and laboratory measurements at the time of the GCT.
They found that meter values of 6.1 or 8.6 mmol/L predicted
plasma glucose values in the laboratory of <7.5 or >7.5 mmol/L
(threshold for positive GCT) with 95% confidence. Thus,
they could confidently discharge those with meter values
<6.1mmol/L without waiting for laboratory analyses to be
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completed and could immediately schedule the diagnostic
OGTT without confirming a result in the laboratory in those
with meter values ≥8.6 mmol/L. For those with a meter value
between 6.1 and 8.6 mmol/L the decision regarding further
testing was deferred until the plasma glucose concentration
was determined in the laboratory. Although this appears to be
a workable approach, only clinical laboratory based and certi-
fied methods should be used for diagnostics tests.

Blood glucose screening tests: One-step procedure
Some investigators and clinicians favor using a one-step
process, that is, performing a diagnostic test on all subjects
that require blood glucose testing as defined by risk-assess-
ment (Box 21.1). This approach may be cost-effective under
two circumstances. First, if the diagnostic test that is used is
not complicated to administer, e.g. a single sample drawn 2 h
after a 75-g glucose load,53 it approaches the standard GCT in
simplicity. Secondly, in populations that have a very high
prevalence of GDM (as is the situation among Pima women,
other Native American groups and aboriginal populations), a
high proportion will have a positive GCT and require the
diagnostic OGTT. In this circumstance, it is cost-effective to
administer the full diagnostic test to all subjects.

Diagnostic oral glucose tolerance test
Overview
As indicated in the introduction, there has been longstanding
controversy about the optimal diagnostic test and criteria for
interpretation of glucose tolerance tests in pregnancy. A brief
overview may help to put some of the issues into perspective.
In the original epidemiological study of OGTT in pregnancy
by O’Sullivan and Mahan,16 the objective was to devise a
scheme that identified women at risk for diabetes mellitus
outside of pregnancy sometime in the future. That objective
was fulfilled in O’Sullivan’s group’s long-term follow-up of the
original cohort of women16,54 and it has been validated exten-
sively in other populations.55–60 Evidence that GDM may be
associated with adverse perinatal events was found later.17,61,62

O’Sullivan and Mahan’s criteria for the interpretation of
OGTTs in pregnancy were based on measurements of glucose
concentration in whole blood.16 Extrapolation of these values
to approximate plasma glucose equivalent values has limita-
tions and the need to do so has generated some of the contro-
versy regarding diagnostic criteria for GDM. That issue has
been covered in detail in other reports1,4,7,9,10,63 and will not be
addressed here.

For more than three decades, many other procedures and
criteria for the diagnosis of gestational diabetes have been pro-
posed and used. The scope of this chapter does not permit a
comprehensive summary of this large body of work. In these
reports, criteria for GDM have been derived from OGTTs that
were performed in a variety of specific groups of subjects.
In some instances, this was a population of pregnant women, in
other cases criteria for GDM have been derived from studies 
in a general population of nonpregnant subjects. Prior to the
HAPO study, no large studies have been completed in which

the primary objective was to specifically and independently
determine associations between maternal glycemia and the risk
of adverse pregnancy outcome. In a much smaller study,
Gilmer and Beard reported values for area under the curve of a
2-h OGTT that could predict risk of neonatal hypoglycemia.64

Limitations
Many have concluded that the criteria for the diagnosis of
GDM that are presently used fail to capture a significant pro-
portion of the cases at risk for adverse outcomes. In fact, evi-
dence has been reported to suggest that the relationship
between maternal glycemia and macrosomia is a contin-
uum.65–67 As mentioned previously, the participants in the
Fourth International Workshop Conference on GDM4

reviewed available evidence and concluded that the infants of
women who meet the lower Carpenter–Coustan7 criteria for
GDM are at similar risk for perinatal morbidity, including
macrosomia, as those patients identified according to the
NDDG criteria.1 Some have reported higher than expected
rates of complications and morbidity in cases with one-
abnormal value on the diagnostic OGTT.68,69 Others have
reported an increase in adverse outcomes, in particular
macrosomia, among GCT positive cases with nondiabetic or
normal OGTT values by NDDG criteria25,66,70,71 and among
cases meeting the WHO criteria for IGT, or similar levels of
glycemia.72–74 Other investigators have failed to confirm the
above findings or emphasize the potential role of confounding
factors such as obesity, and continue to counsel against adopt-
ing more inclusive criteria for the diagnosis of GDM.75–77 In
concluding this part of the discussion, it is important to 
indicate that two issues are commonly overlooked when out-
comes are compared among groups with GDM, lesser degrees
of glucose intolerance or normal glucose metabolism. First, it
is very likely that the treatment of GDM will have reduced the
expected effects of hyperglycemia in that group. Secondly, it
has been shown repeatedly that knowledge of glucose levels
and/or the classification of glucose tolerance status may 
influence the decisions of healthcare providers.

Conclusions
Recommendations of the Fourth and Fifth International
Workshop Conferences on GDM
As indicated in the introduction, the conclusions reached by
the participants in the Fourth International Workshop
Conference on GDM regarding screening and diagnosis4 have
served as a point of reference in the present review. The par-
ticipants of the Fifth Workshop Conference10 endorsed these
conclusions. The role of risk assessment was summarized in
detail previously and in Box 21.1. Threshold glucose concen-
trations for interpretation of both 100-g and 75-g OGTTs
were recommended4 and are presented in Tables 21.2 and
21.3, respectively. These recommendations have received 
both support and criticism (see above). At the time of the
Fourth Workshop Conference, information on outcomes in
pregnancies with GDM diagnosed with the criteria recom-
mended for the 75-g OGTT were lacking. Some new OSC use of
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these criteria and the WHO IGT criteria were not endorsed
for clinical use until such data became available from studies
of large numbers of subjects. Some additional information is
now available for consideration. In the Brazil GDM project
approximately 5000 pregnant women underwent a 75-g
OGTT.74 In that cohort, 2.4% met the ADA 75-g OGTT cri-
teria for GDM.9 However, a recent preliminary report sug-
gests that more women meet the diagnostic threshold for
GDM when challenged with 100 g of glucose than when they
receive a 75-g test dose.78

Authors’ recommendations
One consequence of applying lower glycemic thresholds in the
interpretation of the OGTT is entirely predictable; namely,
that the prevalence of GDM is higher when these criteria are
used in any given population. In published studies, the magnitude

of the difference is not constant from one population to
another, but the relative change is substantial. Data from several
studies that have been reported in the past few years72,74–76 are
summarized in Table 21.4. The choice of criteria has major
implications for both the cost and complexity of prenatal care.
The controversial issues that have been summarized in this
report will continue until data such as those from the ongoing
HAPO study11,12 provide information from which criteria for
the diagnosis of GDM that are based on the specific relation-
ships between maternal glycemia and perinatal outcome can be
formulated. After weighing all of these outstanding issues, we
advise established programs to continue using one of the rec-
ommended screening/diagnostic strategies1,4,8–10 for routine
clinical care and we encourage ongoing collection of additional
population-based data. We hope that our overview of the issues
will be of assistance in making a choice for those establishing
new programs, clinics or practices.

Table 21.4 Impact of diagnostic criteria on the prevalence of GDM

Population Assay Screening/
Authors studied Diagnostic criteria method Diagnostic algorithm Prevalence

Deerochanawong Thailand WHO IGT: 2-h Glucose Prospective WHO 15.7%
et al.72 Randomly selected PG ≥7.8 oxidase All subjects had: GCT (+) 11.7%

n = 709 NDDG GDM 50-g GCT; if ≥7.8, NDDG 1.4%
100-g OGTT

Rust et al.75 USA NDDG Not Retrospective R Risk
Selected: positive Carpenter/Coustan reported 50-g GCT; if >7.8, NDDG 1

GCT (C/C) 100-g 3-h C/C 1.5
n = 434 Sacks OGTT Sacks 1.7

Schmidt et al.74 Brazil WHO11 Glucose Prospective WHO 7.2%
Consecutive ADA 75-g12 oxidase All subjects had ADA 2.4%

≥ 20 years 75-g OGTT
n = 4977

Schwartz et al.76 USA NDDG Glucose Retrospective GCT (+) 18.7%
Unselected Carpenter/Coustan oxidase 50-g GCT; if >7.8, NDDG 3.2%
n = 8857 (C/C) 100-g 3-h OGTT C/C 5.0%

ADA, American Diabetes Association; GCT, glucose challenge test; IGT, impaired glucose tolerance; NDDG, National Diabetes Data Group;
OGTT, oral glucose tolerance test; PG, plasma glucose; WHO, World Health Organization.

Table 21.2 Diagnosis of GDM: 100-g oral glucose
tolerance test*

Concentration†

Specimen mg/dL mmol/L

Fasting 95 5.3
One hour 180 10.0
Two hour 155 8.6
Three hour 140 7.8

*The test should be performed in the morning after an overnight fast
of at least 8 h but not more than 14 h and after at least 3 days of
unrestricted diet (≥ 150 g carbohydrate per day) and physical activ-
ity. The subject should remain seated and should not smoke through-
out the test.
†The cutoff values are those proposed by Carpenter and Coustan7 for
extrapolation of the whole blood glucose values found by O’Sullivan
and Mahan16 to plasma or serum glucose concentrations. Two or
more of the venous plasma concentrations must be met or exceeded
for a positive diagnosis.

Table 21.3 Diagnosis of GDM: 75-g oral glucose 
tolerance test*

Concentration†

Specimen mg/dL mmol/L

Fasting 95 5.3
One hour 180 10.0
Two hour 155 8.6

*The test should be performed in the morning after an overnight fast
of at least 8 h but not more than 14 h and after at least 3 days of
unrestricted diet (≥ 150 gm carbohydrate per day) and physical activ-
ity. The subject should remain seated and should not smoke through-
out the test.
†Cutoff values for the 75-g, 2-h oral glucose tolerance test in preg-
nancy are, of necessity, arbitrary. The lack of definitive data relating
such test results to perinatal outcome made it difficult for the panel
and the Organizing Committee of the Fourth International Workshop
Conference on GDM to arrive at a consensus.4
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Introduction
Diabetes mellitus can cause, in addition to birth defects
and/or intra-uterine death, decreased fertility in males and
females. As maternal diabetes may affect embryonic develop-
ment at different developmental stages, an important question
relates to the stage at which the developing embryo may be
affected. Does the first fault occur at the zygote, the morula,
blastula or perhaps even earlier, at the oocyte phase?

This chapter will discuss the influence of maternal diabetes
on the embryo at the pre-implantation and pre-organogenetic
phase, i.e the first week post-fertilization in rodents and the
first 2 weeks in man.

The pre-implantation period is a very initial process of
pregnancy, when most women do not know that they are
pregnant. This is one of the main reasons that make this
process so difficult to investigate. Therefore, in order to under-
stand these early events in diabetic pregnancies, most studies
were carried out on diabetic animal models.

Maternal diabetes in rodents influences embryonic and
fetal development in a very similar manner to that of
humans.1 Hence, most studies discussed in this chapter were
carried out on diabetic rats and mice or in in vitro models. We
will describe the effects of maternal diabetes starting from the
ovum and gradually continuing to later pre-implantation
stages, and then discuss proposed mechanisms of action.

Changes in oocytes
Most studies on the effects of maternal diabetes on early preg-
nancy focused on the zygote; only a few recent studies have
started to examine the oocytes. In the developing oocyte, the
surrounding granulosa cells support its growth and provide
hormonal supplementation. There are several interactions
between the oocyte and the granulosa cells such as paracrine
signaling and gap junctional communication. These interac-
tions are critical for the oocyte differentiation and growth.2

Chang et al.3 suggested that maternal diabetes adversely
affects pre-ovulatory oocyte maturation, oocyte development
and granulosa cell apoptosis in mice. Their main hypothesis
was how reduction in paracrine communication between the
granulosa cells and the oocyte in diabetes causes a matura-

tional delay. Indeed, in chronic hypoinsulinemic and 
hyperglycemic mice (Akita diabetic mice) or in acutely 
hyperglycemic and hypoinsulinemic mice (induced by strep-
tozotocin (STZ) injection) the pre-ovulatory follicles and
oocytes were small with more apoptotic follicular cells in
comparison to controls. In addition, there was a delay in 
meiotic maturation, up-regulation in the expression of
cell-death signaling proteins and a decrease in the expression
level of key gap junction proteins such as connexin-43 that are
necessary for communication.

In conclusion, maternal diabetes, as evidenced from the
studies in mice, may interrupt the normal communication of
the oocyte and its surrounding cells, increase apoptosis thus
leading to abnormal development of the oocyte. This might, if
extrapolated to man, cause menstrual disturbances, different
embryonic insults or very early miscarriage, as indeed found
in diabetic women.4

The zygote and morula
The mechanism of the developmental delay of the zygote is
not clear. Some studies investigated in rats the development of
the zygote in STZ induced maternal diabetes or in vivo.
Diabetes was induced in rats by ablation of the insulin secret-
ing islets cells by STZ. These studies showed delay in early
developmental progression of the zygotes and reduced
implantation rates.4 Other studies carried out on embryos
recovered from NOD diabetic or nondiabetic mice 72 h after
fertilization showed an increased percentage of embryos at the
one-cell stage, as these embryos could not continue their
normal dividing process.5 When these embryos were further
cultured in the presence of high concentrations of D-glucose,
severe growth retardation was demonstrated. No impairment
of growth was observed following culture in high concentra-
tions of L-glucose. Similar results were obtained when two-cell
stage mouse embryos were obtained from nondiabetic mice
but cultured on culture media containing high concentrations
of D-glucose.6

Other studies have examined substrate utilization in the
developing mouse embryos. Many zygotes that were incubated
in high concentrations of glucose or lactate, failed to progress
to the two-cell stage.6,7 Moreover, it is known that mouse
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embryos begin to utilize glucose for several synthetic processes
at the eight-cell stage,7 and therefore the stages of morula 
and early blastocysts are highly susceptible to high glucose
concentrations.

It can be concluded that high glucose levels at the earliest
developmental stages, starting from one to two cells, can influ-
ence the future embryonic development and might even stop
cell division and growth.

The blastocyst
Leunda-Casi et al.8 examined how high levels of glucose influ-
ence mouse blastocysts. Embryonic exposure to high levels of
D-glucose for a short time impaired trophectoderm differen-
tiation, and the outgrowth of the trophectoderm was
increased. This effect was secondary to a deficiency in fibrob-
last growth factor-4 protein (FGF-4) in the inner cell mass.
Addition of FGF-4 to the blastocysts pretreated with high glu-
cose normalized trophoblastic growth. The authors conclude
that FGF-4 is important in the normal differentiation of the
trophoblast and that these observations could explain some of
the morphological changes detected in the placentae of dia-
betic pregnancies.8

A comparison between blastocysts from STZ diabetic to
normal rats indicated that the former contained a lower
number of cell nuclei in the inner cell mass (ICM) on day 5
post-fertilization. The proportion of morulae versus blasto-
cysts was also different from controls, as the diabetic animals
had more embryos persisting in the morula stage in compar-
ison to controls or to rats injected with sub-diabetogenic
doses of STZ, and hence not diabetic.9 Treatment of the dia-
betic rats with insulin during the pre-implantation period
(days 1–6 of pregnancy), normalized embryonic growth and
development.10 These studies demonstrate that the embry-
onic damage is due to the diabetes and not to the possible
action of STZ. In the same line, other studies have shown
that STZ induced diabetic rats had a 15–20% decrease in the
total cells number of the ICM, a 20–25% decrease in the
implantation rate and a similar reduction in the number of
blastocysts.4 However, the implanted blastocysts seem to be
normal, as their protein synthesis was similar to that of
implanted blastocysts from nondiabetic animals.

In contrast to the reduction in the number of ICM cells,
high glucose concentrations did not change the number of
trophoblastic cells.4 Hinck et al.11 studied the differentiation of
Rcho-1 rat trophoblastic cells into giant cells in a culture
medium supplemented with different concentrations of glu-
cose. High glucose concentrations increased the number of
trophoblastic cells, their nuclei were smaller and contained
more DNA compared to control cells. While the cells cultured
in control culture media increased their progesterone secre-
tion, addition of high glucose concentrations inhibited that
increase. Apoptosis was not increased with the addition of
glucose. These morphological and physiological changes
(reduction in progesterone secretion) could interfere with
implantation and may possibly explain the increased rate of
early abortions in man.

In conclusion, high glucose increases apoptosis of the ICM
and may cause embryonic death. Trophoblastic cells are not
diminished in number; on the contrary, their number may
even increase.

In vitro studies performed by us
Culture in ‘diabetic’ culture medium
We cultured pre-implantation mouse blastocysts for 72 h in
RPMI medium with the addition of 10% fetal bovine serum,
and found 20–24% of embryonic developmental arrest.12

Addition of high concentrations of glucose, acetoacetate,
β-hydroxybutyrate, glucagon and insulin were all embry-
otoxic, inducing a high percentage of embryonic death.
However, while the concentrations of most substances were
much higher than possibly found in diabetes, the embryotoxic 
glucose concentrations were only 300 mg %, concentrations
often observed in diabetes. Moreover, a combination of
β-hydroxybutyrate, acetoacetate and glucose, in relatively low
concentrations, was more embryotoxic than each of the 
substances individually. In addition, 50% serum from STZ-
induced diabetic rats added to the culture medium caused
53% of embryonic developmental arrest, while 20% and 50%
of rat and human control serum did not reduce the number of
normally developing embryos.

Culture in sera from diabetic pregnant women
In two sets of experiments we cultured mouse embryos on
RPMI culture medium with 30 or 50% serum obtained from
women with pre-gestational (PGD) Type 1, Type 2 or gesta-
tional diabetes (GD), in comparison to similar concentrations
of serum from nondiabetic women.12 The results are shown in
Tables 22.1 and 22.2.

At first we cultured two- to four-cell mouse embryos for up
to 72 h to the early blastocyst stage in 30% serum from preg-
nant women with PGD or with GD and found that a high pro-
portion of these embryos stopped from further developing
within 24–72 h of culture (Table 22.1). The developmental
stage of the living embryos was also reduced, but this reduc-
tion was significant only after 72 h of culture (Table 22.1).
When we cultured early blastocysts in 50% diabetic serum,
about half of the blastocysts died within the first 48 h of
culture, but from that stage, all living embryos had spread on
the Petri dish and continued to develop normally. Hence, the
developmental stages of the living embryos were not different
from that of controls (Table 22.2). There was a negative corre-
lation between the degree of diabetic control and the extent of
damage to the embryos. The sera from women with good con-
trol had less deleterious effects on the zygotes, morulae or
early blastocysts. Sera from women with GD were also less
embryotoxic than sera from women with PGD.

These results imply that human diabetic serum may stop
mouse morulae and/or early blastocysts from further devel-
opment, and retard the development of living morulae.
However, these sera do not retard the development of living
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late blastocysts, and do not interfere with their hatching. The
developmental stage specificity of the hyperglycemia-induced
injuries is apparently related to age-specific metabolic
changes.

Summary
The observations in diabetic mice and rats show that maternal
diabetes may damage early embryonic development. This
might lead to early embryonic death and, if pertinent to the
human situation, to very early miscarriage, even before preg-
nancy is clinically recognized. Whether such pre-implantation
very early spontaneous abortions really occur in diabetic
women is currently unknown.

Spontaneous abortions in diabetic
women
If the data in animal models is relevant to man, it is expected
that diabetic women will have an increased rate of early mis-
carriages. Indeed, most human studies observed increased

rate of spontaneous abortions in women with PGD. For
example, a retrospective sample of 164 pregnancies during
1956 to 1975 with 78 insulin-dependent diabetic women was
examined in order to evaluate the risk of clinically recogniz-
able spontaneous abortions in diabetic women in compari-
son to the normal population.13 This study was done before
the policy of meticulous control of diabetes in pregnancy.
The risk of spontaneous abortions among the diabetic
females was almost double compared to the nondiabetic
women. Later retrospective studies from 1980 to 2000
showed lower differences in the rate of spontaneous abor-
tions between the diabetic and the nondiabetic women.
Jovanovic at el.14 followed 389 diabetic and 429 nondiabetic
pregnant women. They found that the mean pregnancy loss
rates were 12% in diabetic and 13% in normal pregnancies.
When they examined the glucose blood levels they found
that both nondiabetic and diabetic women had high glucose
levels. However, the level of hyperglycemia tolerated in the
diabetic pregnancies before reaching the threshold of fetal
sensitivity was higher than that in nondiabetic pregnancies,
implying maternal, placental, or fetal defenses to the stress of
hyperglycemia.

Table 22.1 Effects of 30% serum from diabetic pregnant women on the developmental
stages of two- to four-cell stage mouse embryos cultured for 72 h. Results are given as
number of living embryos and their developmental stage

Time

Source of serum 0 h 48 h 72 h

Control 2.0 ± 0.05 (195) 8.1 ± 1.0 (177) 10.5 ± 0.7 (173)
Type 1 2.2 ± 0.4 (170) 7.0 ± 0.7 (159) 8.9 ± 0.7* (128)*
Type 2 2.3 ± 0.4 (128) 7.6 ± 0.8 (101) 9.2 ± 0.8* (84)*
Geotational diabetes 2.1 ± 0.1 (215) 7.8 ± 1.2 (188) 9.3 ± 0.5* (160)

Values are mean ± SD (number of embryos).
*Significantly lower than control, P < 0.05.

Table 22.2 Effects of 50% serum from diabetic pregnant women on the developmental
stages of mouse blastocysts cultured for 72 h. Results are given as the number of living
embryos and their developmental stage

Time

Source of serum 0 h 48 h 72 h

Control 7.8 ± 0.6 (105) 10.5 ± 0.7 (98) 11.7 ± 0.7 (97)
Type 1 7.6 ± 0.2 (144) 10.6 ± 0.7 (77)* 11.8 ± 0.1 (77)*
Type 2 7.4 ± 0.5 (132) 10.6 ± 0.7 (63)* 11.8 ± 0.2 (62)*
Gestational diabetes 7.9 ± 0.5 (183) 10.6 ± 0.4 (125)* 11.9 ± 0.0 (123)*

Values are mean ± SD (number of embryos).
*Significantly lower than control, P < 0.05.
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It can be assumed that these significant differences are
caused by the differences in the control of diabetes, and with
improved glycemic control, the rate of spontaneous abortions
is reduced. This is in accordance to the fact that serum from
well treated diabetic women was less deleterious to mouse
embryos in culture than serum from poorly controlled dia-
betic women.15

Possible mechanisms of action of
diabetes on the early embryo
Several mechanisms were shown to play a role in diabetes-
induced early embryopathy in animals. Elucidation of these
mechanisms of action may help to understand the human sit-
uation. We will, therefore, discuss these mechanisms mainly
based on experimental animal models.

Apoptosis
Hyperglycemia induced excessive cell death in the ICM of rat
blastocysts, which was characterized mainly by nuclear frag-
mentation. It was shown that these cells contain a large
amount of the clusterin transcripts, a gene associated with
apoptosis. The over-expression of clusterin in blastocysts of
STZ diabetic rats indicates that these embryos may be affected
by subtle disruptions in the expression pattern of critical
developmental genes.16 Similar to the previous study, blasto-
cysts from diabetic rats and mice showed increased nuclear
chromatin degradation in the ICM cells.17,18 These and other
studies demonstrate that in pre-implantation embryogenesis,
hyperglycemia triggers increased apoptosis, especially at the
blastocyst stage. Maternal hyperglycemia caused a decrease in
the expression of facilitative glucose transporter genes such as
GLUT1, GLUT2, and GLUT3, which was associated with the
reduction in glucose transport to the embryo and a decrease
in intra-embryonic free glucose.18 This mechanism acts as a
signal for cell death which triggers p53 activity. The hyper-
glycemia-induced cell death signal increases the expression of
the pro-apoptotic protein BAX, which is a member of the Bcl-
2 family.18 In addition, mRNA levels and protein expression of
BAX were higher in blastocysts cultured in hyperglycemic cul-
ture medium or in blastocysts obtained from STZ-induced
diabetic mice.18 In rat blastocysts in culture, transcription of
the Bcl-2 gene and the activity of the protein were also
markedly increased in the presence of high glucose concentra-
tions in the culture medium.19 These events induced by 
hyperglycemia, lead to activation of caspases, to DNA frag-
mentation, and morphologic changes consistent with apopto-
sis. This cascade (Figure 22.1), connecting the expression of
Bcl-2 and/or BAX with cell death signals involving p53, sug-
gests that the hyperglycemia induces embryonic hypoglycemia
due to the decrease in the glucose transport expression and
induces the p53 apoptotic cascade.18,19

Of the different glucose transporters existing in the early
embryo, GLUT8 was recently found to be one of the most
important.20 This transporter is regulated by insulin. During
early differentiation of the mouse blastocyst there is a signifi-
cant increase in glucose demand, and insulin causes GLUT8 to

move to the plasma membrane, thus increasing the uptake of
glucose, which is then converted to lactic acid. It is presumed
that, similar to other glucose transporters, hyperglycemia
decreases GLUT8 hence reducing the uptake of glucose by the
ICM, inducing cell death.

Mouse blastocysts, genetically BAX deficient (BAX-/-)
obtained from diabetic dams, showed lower chromatin degra-
dation and apoptosis than BAX-positive (BAX+/+) embryos.
Furthermore, the embryos from the BAX deficient diabetic
mice had lower rates of malformations and resorption on day
14 of pregnancy.18 These data propose that increased apopto-
sis in the blastocysts might indicate future increased early
embryonic death or malformations, as observed in diabetic
pregnancies.

The second apoptotic compound, Bcl-2, belongs to a family
of proteins that operate in the effectors phase of apoptosis and
may either promote or inhibit apoptosis. An increase in the
expression of the anti-apoptotic Bcl-2 mRNA was observed in
rat blastocysts which were cultured in 28 mM glucose for 
24 h, compared to blastocysts incubated in 6 mM glucose.19

When the Bcl-2 expression was inhibited, using antisense
oligodeoxynucleotide, there was an increase of chromatin
degradation in blastocysts incubated in high glucose concen-
trations. The addition of specific inhibitors to caspase-3 and
caspase-activated-deoxyribonuclease (CAD) prevented the
degradation of rat blastocysts.19

A third apoptotic compound, clusterin, a disulfide-linked
heterodimeric protein associated with the clearance of

↓ glucose transporter expression

↓ embryonic free glucose

Cell death signal

↑ BAX expression

↑ caspase activity

Apoptosis

↑↓ Bcl-2 activity

↑ clusterin expression

Figure 22.1 Hyperglycemia-induced apoptosis. (Modified
from Keim et al.21)
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cellular debris and apoptosis, was twice higher in embryos of
diabetic rats than in control embryos.17 When rat and mouse
blastocysts were incubated with high glucose concentrations,
there was an increase in BAX, in clusterin expression and
nuclear chromatin degradation.18,19

It can be concluded that the significant loss of progenitor
cells from the ICM makes the embryos more sensitive to 
later developmental deficiencies. Furthermore, it was reported
that normal embryogenesis can occur only if sufficient
number of functional ICM cells are available.21 Increased
apoptosis at this early stage of development may lead to 
spontaneous miscarriage or congenital malformations.
Figure 22.1 summarizes the steps leading to diabetes-induced
increased apoptosis.

Oxidative stress and antioxidants
Many studies implied that the causes of diabetic embryopathy
may be secondary cellular damage from overproduction of
reactive oxygen species (ROS) or/and decreased antioxidant
defense mechanism in the embryonic cells.15,22–24 The source
of ROS is complex and non-specific. The main question is
whether deranged oxidant antioxidant status can occur at this
early stage of pre-implantation embryonic development. We
found that serum from diabetic women can induce oxidative
stress in the mouse blastocysts,15 apparently in a way similar to
that induced in post-implantation embryos.22 This was evi-
denced by reduced concentrations of low molecular weight
antioxidants (LMWA) such as glutathione and vitamins C and
E. The pre-implantation mouse embryos cultured in serum
from diabetic pregnant women had lower concentration of
LMWA compared to embryos cultured in serum from 
nondiabetic women. It seems, therefore, that diabetic meta-
bolic factors may induce embryotoxicity in pre-implantation
embryos through derangement of the antioxidant defense
mechanism. Leunda-Casi et al.24 found that hyperglycemia
may increase ROS generation, and this might be one of the
reasons for increased cell apoptosis as evidenced in this study by
the TUNEL technique. Similar findings were reported by others
in mouse zygote and blastocysts.25 One of the key mediators
that was suggested as essence for apoptosis is hydrogen perox-
ide.26 Violation of this balance by high glucose concentrations
can cause massive cell damage, increase in apoptotic events and
defective embryonic development. When there are high levels of
glucose they need to be degraded, and the result is a high 
production of ketone bodies and an increase in the produc-
tion of ROS.

Fertilization and embryonic development take place in an
environment of low oxygen tension. Oxygen tension is gradu-
ally increasing with advanced gestation, once placentation is
well established and maternal uterine arterioles are not oblit-
erated by trophoblastic cells.27,28 Oxidative stress also seems to
play an important role in the early phases of embryonic devel-
opment and hence antioxidants may play a significant role in
preventing damage to the embryos.13,22,26–28

ROS mediate their action through many of the proinflam-
matory cytokines. They can influence the oocyte, sperm 
and embryos. During pregnancy, there are increased numbers
of polymorphonuclear leucocytes (PMNL) which can cause

superoxide ions increase. This oxidative stress may regulate
the expression of cytokine receptors in the placenta,
cytotrophoblastic cells, vascular endothelial cells, and 
smooth muscle cells. In addition, several studies have 
also demonstrated the significant role of free radicals in 
placental function. Oxidative damage to the trophoblastic 
cells early in pregnancy or to the placenta during the 
establishment of its maternal circulation, may also cause early
pregnancy loss.26–28

Growth factors and cytokines
Cytokines and growth factors play an active role in the
normal implantation process. They also have important roles
in the pathogenesis of diabetes-induced organ damage, and
those that interrupt the reproductive tract are able to cause
pre-implantation embryopathy.29–31 There are only few
reports that refer to cytokines expression in the diabetic uterus.
Insulin-like growth factor 2 (IGF-II) synthesis is down-
regulated and, to the contrary, tumor necrosis factor-alfa (TNF-
α) synthesis is up-regulated around the implantation sites in
diabetic rat females.32,33 Wuu et al.34,35 showed a correlation
between reduction in the concentrations of mRNA encoding
IGF-II and embryonic growth retardation 2 days after 
initiation of implantation in C57B1/6J pregnant mice.
However, later observations demonstrated that maternal dia-
betes did not affect the uterine IGF-I expression. Detection of
TNF-α revealed over-expression in the mRNA as well as in
the protein concentrations in the pre-implantation uterus of
STZ-induced diabetic Wistar rats.32 The majority of TNF-α
protein synthesis was located in the epithelium lining the
uterine lumen. Despite normalization of glycemia by addi-
tion of insulin to the diabetic animals, it did not prevent the
overproduction of TNF-α in the uterus.33 Incubation of rat
and mouse uterine cells in different glucose concentrations
induced stimulation of TNF-α secretion in uterine epithelial
cells, apparently mediating the release of other cytokines,
i.e. interleukin 1β from the subepithelial population of
macrophages after their direct activation by hyperglycemia.
There is evidence that high levels of TNF-α in utero can be
harmful to the embryonic development at the implantation
phase. Embryos exposed to high levels of TNF-α and 
surviving to term were significantly smaller than control
embryos.34–36 Mouse embryonic stem cells (ES) indicate that
TNF-α inhibit cell proliferation in the ICM lineage and
decreased their differentiation potential.35 Further evidence
for the hypothesis that TNF-α contributes to the harmful
influence of maternal diabetes on pre-implantation develop-
ment was found in blastocysts from Wistar rats. Culture
medium was produced from normal and diabetic uterine
cells; blastocysts of Wistar rats incubated in these media
showed diminished growth in the diabetic medium, but
improved significantly (not completely) by pre-treating the
blastocysts with anti-sense oligonucleotide which blocked the
embryonic TNF-α receptors.36

To conclude, there is increased secretion of TNF-α in 
diabetic rats and mice at the pre-implantation period 
which may harm the embryos, interfering with normal embry-
onic growth.
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Metabolic factors
Glucose metabolism
The mouse blastocysts glucose supplement can be provided by
the glucose transporters (i.e. GLUT1, GLUT8), by passive dif-
fusion and by an active transport system.20,37,38 In human and
mouse blastocysts, the uptake of deoxyglucose is very active,
and its concentrations in the mouse embryos were found to be
30 times higher than in the culture medium.38 This transport
was blocked by cytochalasin B but not by substances that 
usually block the active transport of glucose in the gut or
kidney, emphasizing that this mechanism is unique to the
early developing embryo.

Suppression of GLUT1 in preimplantation embryos by
antisense GLUT1 is known to produce ICM apoptosis, in a
way similar to high glucose concentrations. In addition, in the
GLUT1 transporter deficient mouse the embryos and fetuses
were found to exhibit the same damage and anomalies as
observed in the offspring of diabetic animals,39 further
demonstrating the importance of glucose transport to normal
early embryonic development.

Down-regulation of GLUT1 mRNA and protein expression
in mouse trophoblasts and in human term placental tro-
phoblasts40–42 was observed after exposure to high glucose
concentrations. It has therefore been suggested that the glu-
cose transporter is regulated in the placenta by glucose, and
that as a protective mechanism for the embryo, the transporter
is being moved from the cell surface into an intracellular posi-
tion, thus decreasing glucose uptake in hyperglycemia. This
mechanism seems to protect the embryo from the toxic effects
of high glucose concentrations.

Nitric oxide and prostaglandins
In the pre-implantation period, when the trophoblastic cells
penetrate the decidua, there is an increase in vascular 
permeability and other inflammation-like changes. This
increase in vascular permeability is related to vasoactive agents
like nitric oxide (NO) and prostaglandins (PGs), as both are
associated with increased vascular permeability, vasolidation
and increased blood flow in the uterus. At the beginning of
implantation in the rat uterus there is an increase in the 
NO synthase activity, synthesizing more NO and in the 
production of PGE, PGF2α and PGI2.43,44 Moreover, when 
the synthesis of NO or PGs in the uterus is blocked, there is 
a decrease in the number of implanted rat embryos. During
pre-implantation, there is an over-sensitivity to metabolic 
disturbances and the external environment can easily affect
embryonic development. Novaro et al.44 studied the uterine
synthesis and temporal pattern of two vasoactive agents: NO
and PGE, both modulating the implantation process in rats
with noninsulin-dependent diabetes mellitus (NIDD) and
found that the activity of NO synthase in the rat uterus and
the production of prostaglandin E were increased in diabetes.
In addition, the temporal profile of their activity was different
from the control animals, and the number of implanted
embryos was reduced. However, the implantation rate was 
not different between the diabetic and control animals.

While the NO increase was observed in different tissues,
PGE production was located at the implantation sites and
remained high after the implantation. The authors suggest
that the increase of PGE synthesis in diabetic uterine tissue 
is a secondary effect. First there is an increase in the 
NO production, the NO regulates the synthesis of the PGs;
together they have a positive influence on glucose metabolism
and on the process of vasodilatation in the uterus. The 
rate and timing of the beginning of implantation are not
altered by diabetes, but diabetes may damage the early 
blastocysts, reducing the number of embryos that are able 
to implant normally.44

Effects on male fertility
Studies suggest that sexual dysfunction is frequently 
associated with diabetes in men and in experimental 
animals.45 Many of these problems result from diabetes-
induced changes in the vascular system as well as in the
peripheral and central nervous system that are related 
to changes in endocrine function.46 Numerous studies have
documented abnormalities in testicular function and 
spermatogenesis in diabetic animals.47 In addition, studies
demonstrated reduction in the activity of ATPases and 
phosphatases in the epidermis and in spermatozoa.48

Impotence, infertility, and retrograde ejaculation have been
described in diabetic men, but the etiology remains unclear.
The reduction in the fertility of men with long standing 
diabetes, by affecting spermatogenesis, seems to be similar 
to the effects of diabetes on the ova.

Conclusions
As there is practically no data in man except for reduced fer-
tility and increased spontaneous abortions in diabetics, most
research was done on animal models. A direct extrapolation of
these studies to man must be with great caution, as it may lead
to wrong conclusions. In addition, in most in vivo animal
studies, diabetes was induced by ablation of insulin produc-
tion, and it is possible that some of the results stem from the
technique of diabetes production. However, many of the
results were obtained also in vitro, including studies on human
diabetic serum that served as culture medium, strengthening
the simulation to man. There is a need for human additional
studies to verify the different proposed mechanisms of
diabetic-induced early embryopathy.

Summary
Glucose blood levels can influence most processes related to
oocyte maturation, fertilization, and early embryonic 
development. Good glycemic control in diabetic women even
before pregnancy is diagnosed, can decrease or possibly
prevent most of these effects that, if not prevented, may 
have long-term consequences on early and possibly late
embryonic development.
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Introduction
The association between maternal diabetes mellitus and con-
genital malformations in newborns may well be causal; how-
ever, the teratogenic mechanism remains unclear.1 The
prevalence and the described type of malformations vary
among different studies and a predictable malformation syn-
drome has not been identified.1 This chapter discusses the
prevalence and types of structural congenital malformations
in infants of mothers with diabetes mellitus (IDM) or gesta-
tional diabetes (IGDM). Their etiology and pathogenesis are
presented in two other chapters of this book.

Historical data
Many studies of small groups of infants (from 1930 to 1950),
including malformed infants, were not conclusive. It was only
after 1960 that large, controlled, population- or hospital-based
studies of offspring of mothers with diabetes began to appear
in the literature.

In 1964, Molsted-Pedersen et al.2 studied 853 IDM born
between 1926 and 1963 and weighing more than 1000 g. They
noted a 6.4% rate of congenital malformations, compared to
only 2.1% in a control group of 1212 infants born to nondia-
betic mothers in the same hospital, but during 1958 and 1960.
Further analysis revealed that the presence of maternal vascu-
lar complications was associated with a significantly greater
risk of fatal, major (but not mild), and multiple malforma-
tions in the infants.

Two years later, Naeve1 analyzed the frequency of congeni-
tal malformations in infants of 2592 diabetic mothers, 892
women known to have become diabetic 5 or more years after
delivery, 1262 infants of women married to diabetic men and
an equal number of infants of nondiabetic pregnancies. A sig-
nificantly higher rate of congenital malformations was noted
in the study group (13.1%) than in the control group (5.3%),
with a relative risk of any malformation of 2.47. The frequency
of malformations increased steadily with the severity of the
maternal diabetes scaled by White’s classification.

The largest review of malformations associated with dia-
betic pregnancy, performed by Kucera3 in 1971, included the
data available from the world literature between 1945 to 1965,
covering 7101 infants born to diabetic mothers and a control
group of more than 400,000 healthy infants derived from the
registries of the World Health Organization. The prevalence of
congenital malformations was 4.79% in the study population
compared with 0.65% in the controls.3 However, information
regarding the criteria used for the diagnosis and management
of diabetes, and for the diagnosis and classification of the mal-
formations, was not consistently available.

The results of the Collaborative Perinatal Project, using data
from hospitals throughout the United States, were reported in
1975.4 A total of 567 overt diabetic pregnancies, 372 gestational
diabetic pregnancies, and 47,408 nondiabetic pregnancies were
analyzed. Congenital malformations were identified in a signifi-
cantly higher proportion of infants of mothers with overt dia-
betes (17.1%) than in infants of nondiabetic mothers (8.4%).
The infants of mothers with gestational diabetes had an 8.9%
rate of malformations, almost equal to that of the control group.

In 1976, Soler et al.5 studied 701 IDM born in Birmingham,
UK, between 1950 and 1974, of whom 8.1% were found to
have a congenital malformation compared to 1.7% in the con-
trol group. In the same year, Day and Insley,6 in a study of 205
IDM born in the same area between 1969 and 1974, reported
a malformation rate of 12%, compared to 6% in the control
nondiabetic group.

After 1980, investigations in the field expanded worldwide.
Although their specific figures differed considerably, in almost
all of them, the prevalence rates were significantly higher in
IDM than in the general newborn population. However, even
the largest studies7–11 comprised a relatively small absolute
number of congenital malformations in offspring of women
with pregestational insulin-dependent diabetes.11

Prevalence
The prevalence of congenital malformations has been 
evaluated predominantly in women with Type 1 diabetes
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(pregestational insulin-dependent diabetes), with rates rang-
ing mainly from 4.1 to 17.1%. Despite improvements in
obstetric care, with strict control of diabetes and good preg-
nancy surveillance, the rate of major malformations in infants
of mothers with Type 1 diabetes remains two to three times
that of the general population. Comparisons among the dif-
ferent studies are very difficult, if not impossible, for several
reasons:

● The diagnostic classification of diabetes varies among and
even within countries.

● Screening for the detection of diabetes has not been under-
taken in the same manner and scale in all geographic
regions.

● The timing and degree of preconception and postconcep-
tion care differs.

● The diagnosis, definition, and classification of congenital
malformations varies largely among studies.

● The methods used to detect fetal and neonatal malforma-
tions are different.

● Other confounding factors, such as maternal age, obesity,
ethnicity, and uptake of folic acid, are rarely taken into
account.

These confounding factors may explain the great variability in
the reported prevalence rates of congenital malformations in
Type 1 diabetic pregnancies and they should be taken into
account when prevalence of malformations is studied.

It is important to emphasize that the demographic pattern
of diabetes in pregnancy is changing: increasing numbers of
young women are being diagnosed as having Type 1 diabetes,
and the number of people diagnosed as having Type 2 diabetes
is also increasing.12,13

With regard to gestational diabetes, several authors have
reported an association with major malfomations and the
same types of anomalies were found as in the offspring of
women with pregestational Type 1 diabetes.8,14–17 Although
the risk is apparently lower, being that gestational diabetes
accounts for approximately 90% of all cases of diabetes-
complicated pregnancy,18 the overall effect of this risk has
important clinical and public health connotations.

In a fairly recent study, Sheffield et al.10 found that women
with pre-gestational diabetes or gestational diabetes plus fast-
ing hyperglycemia had a 3- to 4-fold greater risk of congenital
malformations in their offspring than the general population,
whereas infants of women with mild gestational diabetes had
malformation rates no different than the general nondiabetic
population. Nevertheless, it is important to remember that
gestational diabetes is a heterogenous disorder that includes
previously unrecognized or newly diagnosed non-gestational
diabetes mellitus.8,16 These patients (with pre-existing 
but undetected Type 2 diabetes) represent a subgroup of
IGDM with an increased risk for occurrence of congenital
malformations.

Type 2 diabetes (associated with both increasing insulin
resistance and abnormality of insulin secretion) is increasing
explosively.12,19 As in all diabetic pregnancies, infants born to
mothers with Type 2 diabetes are also at increased risk of
having congenital malformations.15,19 The most common 

malformations19 were cardiac (53%) followed by musculo-
skeletal (27%). These results are almost similar to rates previ-
ously identified in women with Type 1 diabetes.19 The
majority of malformations occurred in those with poor
glycemic control who did not received pre-pregnancy care.19,20

The prevalence of congenital malformations in all types of
maternal diabetes is in good relationship with:

● The severity of the maternal diabetes (White’s class)
● The control of maternal diabetes (expressed by HbA1c)

An increased prevalence of malformations occurring in
parallel with the severity and duration of the diabetes has been
described.21 For example, the frequency of major malforma-
tions among offspring has been reported to be 4.4% in White’s
classes B and C, 9.7% in class D, and 16.7% in class F, with an
overall prevalence of 6.4% in all infants of diabetic mothers as
compared with 2% in the general population.21

The same increase of prevalence of malformations was
observed in relation to the HbA1c levels. For example, a fre-
quency of 5.1% of malformations has been reported for a
HbA1c of 7.0–8.5%, 22.9% for a level of 8.6–9.9% and 21.7%
for a level of HbA1c above 10%.22 Even a slightly raised of
HbA1c during early pregnancy in women with Type 1 diabetes
carries an increased risk for fetal malformations.23

Types of malformations
The congenital malformations of IDM and IGDM constitute a
spectrum known as diabetic embryopathy (DE).21,24 This
spectrum implies errors of morphogenesis which appear
between the third and the seventh week of embryonic devel-
opment (end of blastogenesis and organogenesis).25 Within
this spectrum of DE, cardiac, skeletal, central nervous system
(CNS), uro-genital, gastro-intestinal, facial and multiple mal-
formations were repeatedly described (Table 23.1). Congenital
malformations in IGDM and offspring of women with Type 2
diabetes affect the same organ systems that have been 
previously described in pregnancies with Type 1 diabetes.15

The most commonly affected organ systems were cardiac
(37.6%), musculo-skeletal (14.7%), CNS (9.8%), and multiple
malformations (16%).15

It has been debated whether maternal diabetes exerts a non-
specific teratogenic effect expressed in a universally increased
risk of all congenital malformations or whether the disease
should be regarded as a specific teratogen associated with a dis-
tinct pattern of congenital abnormalities.11 The spectrum in DE
is large and highly variable; however, most studies have reported
an increase of specific malformations especially involving the
heart, the skeleton (particularly sacral agenesis), the kidneys and
CNS.7 Regarding cardiac malformations, the strongest associa-
tion with maternal diabetes was found in infants with defects of
primary congenital cardiogenesis, whereas most abnormalities
arising later in cardiac development were not associated with
diabetes.9 Others found a strong teratogenic effect on four spe-
cific types of malformations: renal agenesis, obstructive urinary
tract, cardiac and multiple abnormalities, as opposed to an
unspecific increased general risk of congenital malformations.11
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Cardiac malformations
Cardiac malformations are the most common congenital 
malformations of IDM, and they occur significantly more
often in IDM than in infants of nondiabetic mothers.7,21

Rowland et al.26 reported a 4% prevalence of cardiac malfor-
mations in a series of 470 IDM, a 5-fold higher rate than in the
general population (0.8%). Becerra et al.7 found that infants of
mothers with gestational diabetes who required insulin during
the third trimester of pregnancy were 20.6 times more likely to
have major cardiovascular malformations than infants of
nondiabetic mothers. No such difference was noted in infants
of mothers with gestational diabetes who did not require
insulin.7

Loffredo et al.,9 in a population-based case–control study
of 4390 IDM and 3572 healthy infants, observed that pre-
conceptional maternal diabetes was strongly associated with
cardiovascular malformations of early embryonic origin
(OR = 4.7) and cardiomyopathy (OR = 15.1), but not with
obstructive and shunting defects (OR = 1.4). There was a
strong association of cardiovisceral and cardiac chamber
discordance, i.e. ‘corrected’ (levo-) transposition of the great
arteries, but not with ‘pure’ transposition, i.e. intact ventric-
ular septum or ventricular septal defect.9 Among outflow
tract anomalies, the risk was strongly associated with nor-
mally related great arteries (OR = 6.6) but not with simple
transposition. These findings imply a specific effect of

Types of malformations 175

Table 23.1 Congenital malformations in infants of diabetic mothers

Malformations

Organ system Common Rare, occasional

Cardiac Corrected transposition Tetralogy of Fallot
Ventricular septal defect Hypoplastic left heart
Coarctation Single ventricle
Atrial septal defect Double-outlet right ventricle
Cardiomyopathy Pulmonic stenosis

Anomalous venous return

Skeletal Sacral agenesis Polydactyly
Vertebral and rib anomalies Syndactyly
Limb reduction defects Clinodactyly

Clubfoot

CNS Anencephaly Occipital encephalocele
Neural tube defects Holoprosencephaly
Microcephaly Septo-optic dysplasia
Hydrocephalus

Uro-genital Hydronephrosis Hypoplastic genitalia 
Renal agenesis Micropenis
Ureteral duplication Ambiguous genitalia
Multicystic dysplasia Megalo-urethera
Hypospadias

Gastro-intestinal Duodenal atresia Malrotation
Ano-rectal atresia Volvulus
Esophageal atresia Omphalocele

Gastroschisis
Diaphragmatic hernia

Facial Cleft lip Choanal atresia
Cleft palate Absent depressor anguli oris muscle
Ears Fused orbits

microtia
anotia
atresia of canal ear
hairy ears
hearing loss

Eyes
cataract
coloboma
optic nerve hypoplasia

Others Single umbilical artery Laterality defects
Tracheal stenosis
Branchial arch anomalies
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maternal diabetes on certain subtypes of cardiac malforma-
tions and may have important clinical and preventive 
implications.9

Skeletal malformations
Maternal diabetes has been associated with sacral agenesis,
also termed sacral dysgenesis or caudal regression.3 This is a
complex malformation characterized by the absence or
maldevelopment of the sacrum and coccyx, with or without
hypoplastic femurs, dislocated hips, defects in tibias or fibulas,
or other lower-limb malformations. Affected babies often have
anomalies of other organ systems as well. Sacral agenesis occurs
in about 0.2–0.5% of IDM, representing a 200- to 400-fold
higher rate than in the general population.5,21

CNS malformations
Anencephaly is the most common CNS malformation asso-
ciated with diabetic pregnancy, affecting 0.57% of IDM,21

which is 3-fold higher than the rate in the general popula-
tion (0.19%).21 IDM also have a high prevalence of neural
tube defects (1.95 vs. 0.2% in the general population).27 One
study of experimental diabetes induced after the period 
of organogenesis noted no effect on the CNS of the 
offspring.21

Uro-genital malformations
Kucera3 was the first to report an increased rate of urological
malformations in IDM. The most frequent renal malforma-
tions in IDM are renal agenesis, ureteral duplication, and
hydronephrosis.1,11,24 Hypospadias is the most frequent genital
malformation in IDM and IGDM.11,24

Gastro-intestinal malformations
The abdominal malformations shown to occur with a higher
prevalence in IDM include ano-rectal, duodenal, and lower-
intestine atresia.21,24 Malrotation, volvulus, and abdominal
wall defects have also been described.

Facial malformations
Facial anomalies in IDM and IGDM have been described in
only a small number of reports.7,16,28–31 The most frequent
were oro-facial clefts7,16 and ear and eye abnormalities.1,7,29

Interestingly, some studies reported an association of mater-
nal diabetes with certain facio-skeletal syndromes, such as
femoral–facial syndrome and oculoauriculovertebral poly-
topic field defect.29–32 Therefore, IDM and IGDM should be
carefully evaluated for facial malformations.29–32

Other anomalies
A single umbilical artery occurs in about 6.4% of IDM, a 5-
fold higher rate than in the general population.21 This mild
malformation might be associated with other, major, struc-
tural anomalies.

Multiple malformations
Many studies found a strong association between pre-gestational
maternal diabetes and multiple-system malformations (not
defined as a syndrome) in the offspring.4,11 For example,
27.5% of all malformed infants in the Collaborative Perinatal
Project4 had multiple anomalies. Aberg et al.16 observed that
6% of their malformed IDM had more than one anomaly
compared to 0.57% of the control group. They concluded that
there is a clear-cut increase in the risk of multiple malforma-
tions in infants of mothers with pre-existing diabetes, but not
of mothers with GDM.16 In the infants with multiple malfor-
mations, the same organ systems were affected as in the whole
group of IDM, with highest rates for cardiac malformations,
atresias, clefts, limb reduction, and hypospadias.

Mild malformations
Studies on mild malformations in IDM and IGDM are rela-
tively scarce,33–35 and no randomized double-blind investi-
gations have been performed to date. The results of the
case–control studies are contradictory, with some showing
significant differences but others not. No association was
observed between the severity of the metabolic derange-
ment (HbA1c) in the mother and the appearance of mild
malformations in the offspring.34,35 This was also true for
White’s class, duration of diabetes, maternal age, and 
cigarette smoking.33

Preconception care and reduced risk
of congenital malformations
Many prospective controlled studies worldwide have demon-
strated that strict metabolic control of maternal diabetes
before conception and during pregnancy can prevent most
neonatal complications, including congenital malforma-
tions.36 Ray et al.20 conducted a systematic review of all pub-
lished studies on preconception care (PCC) (eight prospective
and eight retrospective studies were included in the final
analysis) involving a total of 1192 infants whose mothers had
received PCC and 1459 infants of mothers who had not. The
pooled rate of major malformations was lower in the infants
of the PCC recipients (2.1%) than in non-recipients (6.5%),
with a relative risk of 0.36. Interestingly, the risk of major mal-
formations was lowest in the one study in which folic acid was
administered periconceptionally.37 The essential problem is
that a substantial percentage of diabetic women do not attend
PCC programs20 and do not take prenatal folic acid and mul-
tivitamins, just as in the general population.38 Greater efforts
by the medical community are needed to promote education
of the public, improve maternal access to PCC programs, and
maximize the interventions associated with improved preg-
nancy outcome.20

Summary
Maternal diabetes mellitus (Types 1 and 2) and gestational
diabetes with fasting hyperglycemia are associated with a 2- to
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3-fold increase in the risk of congenital malformations in 
offspring compared with the general population. Although no
specific malformation syndrome has been identified, cardiac,
skeletal, CNS, and multiple malformations are the most fre-
quently described. Up to 50% of all perinatal deaths of off-
spring of diabetic mothers are due to congenital
malformations.39 Congenital malformations also pose a seri-

ous social and financial burden to both the individual family
and society at large.21 Therefore, the medical community must
ensure that programs for preconception care are made avail-
able to diabetic mothers for strict control of their disease
before conception and during pregnancy. This could prevent
the occurrence of most neonatal complications, including
congenital malformations.
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Introduction
The mechanisms behind diabetes-induced embryonic dys-
morphogenesis are still partly a question mark. Despite
increased clinical efforts to improve glycemic control during
diabetic pregnancy, the rate of congenital malformations
remains increased in studies of diabetic gestation of Type 1,1–4

Type 2,4–7 and gestational diabetes mellitus (GDM).5,8

Both environmental factors and genetic predisposition
seem to be of importance in diabetic embryopathy. Several
teratological pathways have been suggested, often from clini-
cal experience, and subsequently characterized in various
experimental systems. The maternal teratogenic factors most
often indicated are hyperglycemia9–12 and ketonemia.13–22

Major teratogenic processes in embryonic tissues so far iden-
tified include alterations of signaling systems such as meta-
bolism of inositol,23–28 sorbitol,23,25,27,29,30 arachidonic acid/
prostaglandins,24,31,32 folic acid,33,34 and reactive oxygen
species,35–38 as well as alterations in the activation of PKC iso-
forms.39–42 The embryonic formation of glycated proteins,43–45

and the maternal and fetal genotypes46–50 are also suggested to
influence the teratological events in diabetic pregnancy.

The growing knowledge in teratology has not yet generated
any major alterations or added any new therapeutical agents
to the clinical handling of diabetic pregnancy. The importance
of maintaining normoglycemia and avoiding ketonemia are
common knowledge; however, no systematic attempt to eval-
uate the potential of antioxidative treatment,35 or to study the
possible beneficial effects of administering folic acid33 to preg-
nant diabetic women has been reported, as yet.

Inositol
High glucose concentration in vitro causes decreased levels of
inositol in the embryo due to impaired uptake,28 yielding an
embryonic deficiency of inositol23,27,51 concomitant with an
increased rate of embryonic dysmorphogenesis. Supple-
mentation of inositol to high glucose cultured embryos,24–26 or
dietary addition to diabetic pregnant rodents52–55 diminishes
both the inositol deficiency and the rate of embryonic malde-
velopment. Furthermore, adding the inositol uptake inhibitor
scyllo-inositol to the culture medium of rodent embryos

causes similar changes to the embryos, i.e. both inositol defi-
ciency and embryonic maldevelopment.39,51,56 In addition,
similarly to the glucose-induced damage, both the inositol
deficiency and the embryo maldevelopment caused by scyllo-
inositol can be diminished by addition of inositol to the cul-
ture medium.39,51,56 These findings identify inositol deficiency
as a likely component of diabetic teratogenesis.57

However, addition of antioxidants diminish both glucose-
induced and scyllo-inositol-induced embryonic dysmorpho-
genesis in vitro;39,58 therefore the inositol deficiency appears to
induce embryonic oxidative stress, which, in turn, causes
embryonic maldevelopment.

The immediate effect of lowered inositol concentration
would be decreased levels of the phosphoinositides (PI, PIP
and PIP2) and their products in the embryonic tissue.51 A lack
of PIP2 would subsequently yield less IP3 and diacylglycerol,
both of which are stimulators of protein kinase C (PKC) activ-
ity. A lowered PKC activity would exert a number of effects,
including lowered activity of phospholipase A2, the key
enzyme in the metabolism of triglycerides and phospho-
lipids.59 A decrease of phospholipase A2 activity would subse-
quently diminish the availability of free arachidonic acid,
and thereby diminish the production and metabolism of
prostaglandins, as discussed below.

Sorbitol
Exposure to a diabetic environment yields enhanced embry-
onic formation of sorbitol.23,25,27,29,30 Several studies of aldose
reductase inhibitors in pregnant diabetic animals have man-
aged to lower the increased sorbitol levels, however, without
diminishing the increased malformation rates.23,25,60 Sorbitol
accumulation, therefore, appears to be a side phenomenon of
the teratogenic pathway.

Arachidonic acid/prostaglandins
Disturbed metabolism of arachidonic acid and prostaglandins
has been found in previous studies of experimental diabetic
pregnancy. Intraperitoneal injections of arachidonic acid to
pregnant diabetic rats diminished the rate of neural tube
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damage,61 as did enriching the diet of the pregnant diabetic
rats with arachidonic acid.54,62,63 Addition of arachidonic acid
to the culture medium was shown to block the embryonic dys-
morphogenesis elicited by high glucose concentration.61,64,65

Addition of PGE2 to the culture medium also blocks glucose-
induced teratogenicity in vitro,24,65 as well as maldevelopment
of embryos cultured in diabetic serum.66 Measurements of
PGE2 have indicated that this prostaglandin is decreased in
embryos of diabetic rodents during neural tube closure,67,68 in
high glucose cultured embryos,68 as well as in the yolk sac of
embryos of diabetic women.69

Previous studies have shown, however, that the uptake of
arachidonic acid by embryonic yolk sacs is increased in a
hyperglycemic environment.32 This finding would preclude
an uptake deficiency of arachidonic acid in the conceptus of
diabetic pregnancy, a result supported by the demonstration
of unchanged concentration of arachidonic acid in mem-
branes of high glucose cultured embryos in vitro.70 Recent
measurements in day-12 embryos indicate a decreased
arachidonic acid concentration in offspring from diabetic
rats.55 A downregulation of the gene expression of COX-2,
the inducible form of the COX enzyme, as well as a GSH-
dependent enhancement of the conversion of the precursor
PGH2 to PGE2 has also been demonstrated.68 Thus, the PGE2

concentration of day-10 embryos and membranes was
decreased after exposure to high glucose in vitro or diabetes
in vivo. In vitro addition of NAC to high glucose cultures
restored the PGE2 concentration.68 Hyperglycemia/diabetes-
induced downregulation of embryonic COX-2 gene expres-
sion may be an early event in diabetic embryopathy, leading
to lowered PGE2 levels and dysmorphogenesis, presumably
because this pathway plays an important role in neural tube
development. Antioxidant treatment does not prevent the
decrease in COX-2 mRNA levels but restores PGE2 concentra-
tions, suggesting that diabetes-induced oxidative stress aggra-
vates the loss of COX-2 activity. From these data, it may be
concluded that decreased availability of arachidonic acid and
the resulting decrease in several prostaglandins, in particular
PGE2, is likely to be involved in the teratogenicity of diabetic
pregnancy.63

Other studies have shown that a diabetes-like environment
increases isoprostane levels68 and decreases embryonic PGE2

concentration67,68,71 in embryonic tissues. Isoprostanes, e.g. 8-
epi-PGF2α, are prostaglandin-like compounds formed in situ
from peroxidation of arachidonic acid by non-enzymatic, free
radical-catalyzed reactions and they therefore serve as indica-
tors of lipid peroxidation72–74 with independent teratogenic
activity.75

Folic acid
The risk of congenital malformations,76,77 including 
neural tube defects (NTDs)78 in diabetes pregnancy is 2- to
5-fold higher than in normal, nondiabetic pregnancy.
Fortification of the US diet with folic acid in the late 1990s
coincided with a reduced incidence of NTDs from 37.8 to
30.5 per 100,000 live births – appreciatively a 20% reduction
(Figure 24.1).79

Rodent embryos were exposed to a diabetic environment 
in vivo and in vitro (high glucose embryo culture) and at the
same time subjected to supplementation of folic acid.33,34

The folic acid treatment increased folic acid concentration in
the embryos and almost completely abolished the diabetes/
glucose-induced dysmorphogenesis, i.e. both the growth
retardation and somatic maldevelopment in the offspring.33,34

In this context, the reports suggesting that folic acid may act as
an antioxidant may offer an explanation for the findings of a
marked antiteratogenic effect by folic acid on embryos
exposed to a diabetic environment (Figure 24.2).

Reactive oxygen species
The notion that diabetes is associated with oxidative stress has
been suggested by several authors.80–84 Increased lipid peroxi-
dation and generation of reactive oxygen species (ROS) were
found in diabetic rats, measured as increased serum F2-
isoprostane levels,85 and increased electron spin clearance
rate.86 Cyclic voltammetric studies have also indicated
increased levels of lipid peroxidation in diabetic rats,87 and the
F2-isoprostane 8-epi-PGF2α is increased in embryos exposed
to high glucose levels in vitro68 and diabetes in vivo.34

The first indisputable evidence of an involvement of oxida-
tive stress in the pathogenesis of diabetic embryopathy was the
demonstration that treatment with antioxidative agents
largely normalizes malformation rates in vitro,20,35,36,88–90 and
in vivo.38,54,58,65,91–97 Furthermore, antioxidative treatment nor-
malizes several of the markers of oxidative stress, such as
serum F2-isoprostane levels,85 electron spin clearance rate,86

and the concentration of embryonic isoprostane in vitro,68

and in vivo.34

Adding scavenging enzymes, e.g. SOD, catalase or glu-
tathione peroxidase, to the culture medium protects rat
embryos from dysmorphogenesis induced by high glucose
concentration in vitro.35 Teratogenic concentrations of β-
hydroxybutyrate or the branched chain amino acid analog β-
ketoisocaproic acid can be blocked by addition of SOD to the
culture medium,36 and addition of SOD or NAC diminishes
the dysmorphogenesis caused by diabetic serum.58 In a study
of the early development of cranial neural crest cells, it was
shown that high glucose inhibited, and NAC normalized, the
migration and proliferation of these cells, and that control
cells of nonneural origin were not affected by either treat-
ment.98 Examination of litters of diabetic rats demonstrated
lowered α-tocopherol (vitamin E) concentration in day-11
embryos and in the liver of day-20 fetuses.94

Analogously, dietary treatment with 5% vitamin E dimin-
ished the malformation rate in embryos of MD rats and
largely normalized embryonic growth in vivo.34 Thus, mater-
nal diabetes increased the number of malformed embryos
and, in particular, increased the proportion of embryos show-
ing an open neural tube, whereas vitamin E treatment of the
pregnant diabetic rats normalized both of these parameters.
In embryos cultured in high glucose concentration, we noted
increased isoprostane levels, and supplementation of folic
acid to the culture medium decreased embryonic isoprostane
concentration (Figure 24.3).34
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Embryonic neural tissue subjected to high glucose concen-
tration show increased superoxide production, as measured
in a Cartesian diver system.99 One effect of increased 
intracellular ROS production would be inhibition of the 

rate limiting enzyme of the glycolysis, Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH), since this enzyme has
displayed sensitivity to ROS in several different conditions of
oxidative stress.100 This sensitivity resides in the thiol group of
cysteine residue 149 in the active site of the enzyme.101,102

Oxidation of the thiol group by NO or ROS leads to
decreased enzyme activity,103 and blocking of this process by
antioxidants protects the activity of the enzyme.104 In rat
embryos subjected to a diabetic environment in vivo or in
vitro, decreased GAPDH activity was found,105 and addition
of the antioxidant NAC prevented the decrease in activity.105

In addition, when the enzyme was inhibited by iodoacetate,
NAC addition also blocked the inhibition (Figure 24.4).105

Bovine endothelial cells have been shown to produce excess
amount of superoxide in response to hyperglycemia.106

Diminishing this overproduction of ROS via inhibition of the
electron transport, by uncoupling oxidative phosphorylation,
or by addition of SOD, blocked other markers of intracellular
imbalance, such as sorbitol accumulation, activation of PKC,
formation of advanced glycation end products, and NF-kB
activation.106

Similar effects of ROS-mediated GAPDH inhibition have
been found in embryos subjected to high glucose concentrations,
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Figure 24.2 Expression of the folate transporter folpb in
embryos of normal (N) and manifestly diabetic (MD) rats, 
and in embryos cultured in 10 or 30 mmol/L glucose 
(10G or 30G). The gene expression is normalized with 
that of the house-keeping gene G6PDH.
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Figure 24.1 (A and B) A fetus of a manifestly diabetic rat showing a neural tube defect resembling a spina bifida in the lower left
sacral region.
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i.e. sorbitol accumulation,23,25,27,29,30 activation of (some iso-
forms of) PKC,39–42 enhanced activity in the hexosamine
shunt,107 and increased formation of glycosylation intermedi-
aries, such as deoxyglucosone.44 Which of these ROS-medi-
ated effects that will prove to be the major teratogenic pathway
is under investigation (Figure 24.3).

High-amplitude mitochondrial swelling was demonstrated
in embryonic neuroectoderm of embryos exposed to a diabetic
environment,108,109 a swelling diminished by antioxidative treat-
ment of the mother,110 implicating an embryonic ROS imbal-
ance, with conceivable consequences for the rate of apoptosis in
susceptible cell lineages in the embryo.111,112 A diabetic milieu
causes mitochondrial overproduction of ROS, which is 
suggested to give rise to apoptosis. The mitochondrion has an
important role in the apoptotic machinery and previous 
studies have suggested that an altered apoptotic rate may affect
the maldevelopment of embryos subjected to a diabetic
milieu.113,114 Combined supplementation of two compounds
with antioxidative features (folic acid and vitamin E) to preg-
nant diabetic rats diminished diabetes-induced dysmorphogen-
esis and normalized apoptotic-associated protein levels.115

In addition, fetuses and embryos of diabetic rodents dis-
play increased rates of DNA damage,116–118 another indication
of enhanced ROS activity in the embryonic tissues.

The bulk of data implicates oxidative stress and ROS excess
as an important component in the etiology of diabetic embry-
opathy. The data also suggest that long-term exposure to high
glucose creates embryonic ROS excess either from increased
ROS production,99 or from diminished antioxidant defense
capacity.88,89,119 ROS excess may be small, restricted to partic-
ular cell populations,120,121 and likely to vary with gestational
time and nutritional status, making direct ROS determina-
tions difficult.

Increasing ROS in embryos leads to malformations,122,123 sug-
gesting that ROS excess may also have a role in the teratogenic
process(es) of phenytoin medication,124,125 ethanol abuse,120,121,126

and, recently, thalidomide administration.127 Therefore, ROS
excess may constitute a common element in a number of terato-
genic situations, including diabetic pregnancy.128

Protein kinase C activity
PKC signaling is associated with apoptosis, especially the iso-
forms PKCδ129 and PKCζ130 It has been suggested that PKCδ is
involved in stabilizing p53 proteins131 and is related to reactive
oxygen species production,132 both of which would ultimately
lead to apoptotic cell death.
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Figure 24.3 Neuroepithelium of embryos of normal (left) and manifestly diabetic (right) rat. Note the marked mitochondrial
swelling in the latter cells.
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In experimental diabetic pregnancy, altered activation of
several PKC isoforms in the embryo was found to be associ-
ated with a hyperglycemic environment.40,41 The addition of
CHC and NAC to the culture medium with high glucose nor-
malized the malformations in embryos cultured for 24 h, and
addition of PKCδ and PKCζ-specific inhibitors to the culture
medium with high glucose also normalized the malformations.
PKCδ activity was higher in embryos cultured in medium with
high glucose for 24 h when compared with embryos cultured
in low glucose concentration. Supplementation of CHC and
NAC to high glucose medium normalized PKCδ activity.42

These findings would implicate PKC activity changes in the
diabetic embryopathy, however, since the previously discussed
inositol deficiency is likely to decrease PKC activity, and blunt
inhibition of PKC activity also causes embryonic developmen-
tal damage,39,133 the exact relationships between maternal dia-
betes and embryonic PKC isoforms activity warrant further
scientific attention.

Genetics of diabetic
dysmorphogenesis
Despite similar teratological exposure, the effect of any terato-
gen, including maternal diabetes/hyperglycemia, varies
between individuals. In addition to stochastic conditions,
genetic predisposition determines the effect of each teratogen
on a particular individual.134,135

Although predisposing genetic conditions for diabetes are
clearly present in offspring of diabetic parents136,137 as the off-
spring of a diabetic father has higher risk of developing the
disease than the offspring of a diabetic mother,138–142 it has
been established that diabetic men do not have an increased
risk of fathering malformed offspring.143,144 This indicates that
the genes predisposing to diabetes do not induce congenital
malformations. In contrast, maternal diabetes has been 
suggested to be associated with Down’s syndrome,145–147 and

has also been suggested to predispose for optic nerve hypopla-
sia in female offspring.148 A genetic element may be present in
the etiology of diabetic embryopathy,149 a notion supported by
experimental data.37,46,48-50,150,151

It has been suggested that the absence of a specific malfor-
mation pattern for diabetic embryopathy signals the presence
of several teratological factors and mechanisms in diabetic
pregnancy.152 Likewise, the number of different teratogenic
agents identified would indicate that diabetic embryopathy is
of complex etiology.21,153,154

We have previously found that both the maternal and fetal
genome are involved in the etiology of the diabetes-induced
(skeletal) malformations by comparing the incidence of mal-
formations between different rat strains.48 We could demon-
strate that a specific variant of the catalase enzyme is present
in rats that are malformation-prone (Cs-1a), whereas another
variant of the catalase protein was present in rats that do not
develop malformations in response to maternal diabetes (Cs-
1b),50 which can be demonstrated in the closely related U
(malformation-prone) and H (malformation-resistant)
Sprague–Dawley substrains that we have characterized.48,155,156

Thus, embryonic catalase activity was lower in embryos from
normal U rats than in embryos from normal H rats, and that
maternal diabetes augments this difference.46 We sequenced
catalase cDNA and the promotor region of the catalase gene in
the U and H rat,47 and found one nucleotide mutation in the 5′-
UTR-region of the U rat cDNA and a heterozygocity in the U rat
gene promoter. Therefore, the decreased catalase mRNA levels
may result from different regulation of transcription (promo-
tor), and the difference in the electrophoretic mobility in zymo-
grams50 may be a result of posttranslational modifications of the
catalase protein (Figure 24.5). Using L4, an inbred U rat sub-
strain with about 25% skeletal malformations when the mother
is diabetic, and inbred Wistar Furth rats (no diabetes-inducible
skeletal malformations), we performed a global gene linkage
analysis of the skeletal malformations and found strong cou-
pling to seven regions on chromosomes 4, 10, 14, 18, and 19, and
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Figure 24.4 GAPDH activity in embryos of normal (N) and manifestly diabetic (MD) rats and in embryos cultured in 10 or 
30 mmol/L glucose (10G or 30G), with or without addition of NAC (30GN).
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a weaker coupling to the region of chromosome 3 where the
catalase gene resides. The characterization of candidate gene and
construction of congenic strains will be future work in this rat
model of diabetic embryopathy.

There are several indications of a genetic element in the etiol-
ogy and pathogenesis of the dysmorphogenesis in diabetic preg-
nancy. Thus, high glucose in vitro and diabetes in vivo alter the
expression of the ECM genes B1-laminin and fibronectin in
embryos.157 These genes are also altered in placentae of diabetic
rats, fibronectin is overexpressed and laminin is suppressed.158

The expression of genes controlling the defense against oxidative
stress also shows diabetes-induced alterations in expression, in a
recent study embryos of diabetic rats demonstrated decreased
expression of CuZnSOD, MnSOD, and Gpx-1 and Gpx-2 com-
pared with embryos from normal rats (Wentzel et al. submitted).

The Pax-3 gene expression was found to be reduced in
embryos of diabetic mice,159,160 and this transcription factor
may regulate the gene expression of the licensing factor cdc-
46,161 and a gene, Dep-1,162 as well as p53,163 all of which may
be of importance for a correct neural tube closure. Null muta-
tion of the Pax-3 gene yields the Splotch mouse displaying
neural tube defects.159,164 It has also been shown that the
decreased Pax-3 expression in embryos of diabetic mice could
be normalized by treatment of the mother with antioxidants,165

thereby demonstrating a coupling between ROS excess and a
teratologically important change in gene expression.

One conclusion from the genetic experimental efforts is that
there are no universal gene identified to be responsible for
enhanced (or decreased) susceptibility to diabetic embryopathy.

Conclusions and future directions
Diabetic embryopathy has a complex etiology and patho-
genesis. The studies of etiologic factors in the pathogenesis
of congenital malformations has revealed a complex
process in which the diabetic state simultaneously induces
alterations in a series of teratogenically capable pathways.
These pathways are intertwined, and several of them seem
to result in an imbalance of the ROS metabolism, yielding
a ROS excess in teratogenically sensitive cell populations,
an imbalance ultimately causing the congenital malforma-
tions. Blocking the ROS excess may be a valid way to dimin-
ish the disturbed development caused by the diabetic
environment.

There is experimental evidence in favor of a major tera-
tological role of ROS excess, however, there are no clinical
studies, as yet, attempting to address the therapeutical
potential of antioxidative treatment in pregnant diabetic
women. Likewise, the possible advantage of folic acid sup-
plementation in diabetic pregnancy has not been clinically
evaluated.
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Diabetes and pregnancy
Global fetal and infant loss, perinatal mortality, neonatal mor-
tality, and malformations rates are significantly greater if the
mother is affected by diabetes than in the nondiabetic popula-
tion.1 Studies conducted by Casson et al.2 confirm that among
unselected populations of women with insulin dependent dia-
betes mellitus (IDDM), pregnancy loss remains significantly
higher than in the normal population. The diagnosis of con-
genital anomalies is also more accurate in infants of diabetic
mothers since they are more carefully looked for in respect to
control infants and because of the more frequent autoptic
evaluation due to the higher mortality rate.3 Consolidated
experiences clearly correlate fetal and maternal complications
to the degree of metabolic control during pregnancy indicat-
ing without a doubt the need for an effective metabolic and
obstetric management of women with different degrees of
alteration of the glucose homeostasis during pregnancy.

Gestational diabetes mellitus
Diagnosis
Approximately 7% of all pregnancies are complicated by
GDM, resulting in more than 200,000 cases annually. The
prevalence may range from 1 to 14% of all pregnancies,
depending on the population studied and the diagnostic tests
adopted.4

Risk factors for GDM are well known and their presence
allows the identification of three risk categories: (1) high risk,
which is characterized by marked obesity, diabetes in first-
degree relatives, history of glucose intolerance, previous
infants with macrosomia, current glycosuria; (2) average risk,
which includes women that fit neither in the low- nor high-
risk categories; and (3) low risk, which includes women of the
age <25 years, normal weight before pregnancy, member of an
ethnic group with a low prevalence of GDM, with no known
diabetes in first-degree relatives, and no history of abnormal
glucose tolerance, nor of poor obstetric outcome.5

Risk assessment for GDM should be undertaken at the first
prenatal visit. Women with clinical characteristics consistent

with a high risk of GDM should undergo glucose testing as
soon as feasible. A fasting plasma glucose level >126 mg/dL
(7.0 mmol/L) or a casual plasma glucose >200 mg/dL 
(11.1 mmol/L) meets the threshold for the diagnosis of dia-
betes and if confirmed on a subsequent day rules out the need
for any glucose challenge. In the absence of this degree of
hyperglycemia, the screening for GDM in women with high-
risk characteristics should be performed according to two dif-
ferent procedures: the one-step procedure and the two-step
procedure. The one-step procedure consists of a diagnostic
OGTT (oral glucose tolerance test) performed on all subjects,
while the two-step procedure before a 50-g glucose challenge
test (GCT) followed by a diagnostic OGTT in those meeting
the threshold value in GCT (see Chapter 13).

Women at average risk should be evaluated at 24–28 weeks
of gestation; even for this category of women both procedures
are indicated and in the case of negative results test should be
repeated later.

In cases where low-risk profile blood glucose testing has not
been routinely required, a fasting plasma glucose measurement
between 24 and 28 weeks of gestation has been considered 
sufficient.5 However, in 1998 Carr6 demonstrated that using the
risk categories approach to define screening strategies, 44–53%
of GDM was undiagnosed. The lack of universally accepted cri-
teria for screening GDM could induce inappropriate proce-
dures with consequent diagnostic bias as recently demonstrated
in a national survey conducted in Italy on performances of
GDM screening in different laboratories.7 Considering the
importance of adequately treating GDM to prevent maternal
and fetal complications, a reliable and accurate diagnosis is
essential; in this regard, the multinational HAPO Study might
provide a definitive answer for the criteria to be used.8

Monitoring and therapy
Once the diagnosis of GDM has been confirmed, the woman
should be closely monitored until the early postpartum
period. The general goal of therapeutic interventions in GDM
is to achieve and maintain blood glucose as near to normal as
possible in order to reduce morbidity and mortality of the
mother, the fetus, and the newborn.
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In order to provide high-quality care a multidisciplinary
team approach is essential, including a diabetologist, a 
nurse who specializes in diabetes, a dietician, obstetricians, the
midwife, and the neonatologist.9

Strict metabolic surveillance is required, with reviews every
1–2 weeks directly or by phone contact9 with the target to
detect and prevent hyperglycemia.

Daily blood glucose self-monitoring (SMBG) appears to be
superior to intermittent office monitoring of plasma glu-
cose.10 For women treated with insulin, various evidence indi-
cates that postprandial monitoring is superior to pre-prandial
monitoring. De Veciana et al.11 showed that postprandial glu-
cose measurements were significantly better for predicting a
lower daily insulin dose, HbA1c level, birthweight, and a
reduced risk for Cesarean section, large for gestational age,
and neonatal hypoglycemia.

This evidence has been confirmed in a recent study12

demonstrating that postprandial blood glucose monitoring
may increase the percentage of women achieving good meta-
bolic control and reduce the risk of pre-eclampsia, and neonatal
triceps skinfold thickness.

Based on this consideration Gabbe et al. concluded that
women with GDM should test blood glucose four times a day,
measuring fasting and postprandial glucose after each main
meal.13 Postprandial blood glucose should be monitored
either 1 or 2 h after a meal, even though 1 h should be pre-
ferred as it corresponds to the blood glucose postprandial
peak in healthy pregnant women. Measuring 1 h postprandial
blood glucose was found to be associated with a reduced risk
of complications and delayed progression to insulin treatment
with respect to 2-h evaluation, in a group of GDM women on
medical nutrition therapy.14

Urine glucose monitoring is not useful in GDM as it does
not allows for fine tuning of therapy and can be an unreliable
indicator of metabolic control due to the changes of the renal
glucose threshold occurring during pregnancy.

A novel and promising option for metabolic monitoring
can be represented by the systems for continuous subcuta-
neous monitoring that have been demonstrated to be effective
in optimizing treatment in diabetic pregnant women.15 Data
from continuous glucose monitoring studies in GDM women
confirmed that 1 h is the most reliable time point for assessing
postprandial control.16

HbA1c should be evaluated every 4–6 weeks17 to assess the
response to the applied therapeutic regime and the accuracy of
SMBG. Considering the physiological reduction of HbA1c
levels noted in nondiabetic pregnant mainly due to lower gly-
cation rate18 and increased erythrocytes volume,19 the target
HbA1c level during GDM should be as close as possible to 5%.20

Urine or capillary ketones should be evaluated every morn-
ing in the first trimester as it can be useful in detecting insuf-
ficient caloric or carbohydrates intake in women treated with
restricted caloric intake.21

Follow-up at the diabetes clinic should be performed
monthly until the 28th week of gestation, fortnightly until the
36th week and weekly until term.22 Additional clinic visits
should be programmed if needed. Maternal surveillance should
include monitoring of blood pressure and of urinary protein
excretion to detect hypertensive disorders. Special attention

should be paid to the evaluation of the presence and the evo-
lution of diabetes complications. A urine test, which should
include a culture, should be done fortnightly, and serum crea-
tinine, microalbuminuria, and proteinuria every trimester.
Eyes must be examined at the first trimester and successively
as the need arises. ECG should be evaluated at the first visit.

All women with GDM should receive nutritional coun-
selling by a dietician. The first therapeutic step recommended
is the individualization of medical nutrition therapy (MNT)
depending on maternal weight and height. MNT should
include the provision of adequate calories and nutrients to
meet the needs of pregnancy and should be consistent with
the target defined for maternal blood glucose. Non-caloric
sweeteners may be used in moderation.23

The daily energy intake recommended for women with
ideal weight in the normal range is 30 kcal/kg of the ideal
weight; for obese women 20–25 kcal/kg of the ideal weight,
and for underweight women is 40 kcal/kg of the ideal weight.

For obese women (BMI >30 kg/m2), a 30–33% caloric
restriction (to about 25 kcal/kg actual weight per day) has
been shown to reduce hyperglycemia and plasma triglycerides
with no increase in ketonuria.24

Meals should be constituted of 50–60% of carbohydrates
(breakfast <45%, lunch 55%, and dinner 50%), 25–30% of
lipids and 10–20% of proteins. The overall carbohydrates con-
tent should not be less than 175 g/day with the possible need
of a late evening snack to reduce the risk of morning ketosis.25

An effective MNT regime is crucial in GDM treatment allow-
ing a reduction of risk of perinatal serious complication and
of morning hyperketonemia that has been associated with
increased risk of neonatal complications.26

Caloric intake should be modified if the woman practices
physical activity. In case of moderate exercise lasting 30–60
min and a starting blood glucose of 100–160 mg/dL (5.5–8.8
mmol/L), an increased intake of 15 g of carbohydrates is sug-
gested. If starting blood glucose is between 161 and 250 mg/dL
(8.9–13.9 mmol/L) the carbohydrate intake is not to be
changed. In presence of frank hyperglycemia (blood glucose
>250 mg/dL (13.9 mmol/L), with ketonuria, exercise should not
be performed until metabolic control has been normalized.27

The increase in weight during pregnancy should depend on
the pre-gestational weight. Women with BMI <19.8 should
have a weight increase of 12.5–18 kg; BMI between 19.5 and
25, a weight increase of 11.5–16 kg; and in the case of over-
weight, i.e. BMI >25, the weight increase should be 7–11.5
kg.28 Insulin is the pharmacologic therapy that most consis-
tently has been shown to reduce fetal morbidities when 
added to MNT.

The recent Australian Carbohydrates Intolerance Study
(ACHOIS) demonstrated a relatively large population of
GDM women for whom intensive treatment with either
insulin or MNT or SMBG effectively reduces the incidence of
perinatal complications.29 Selection of pregnancies for insulin
therapy can be based on the level of maternal glycemia with or
without assessment of fetal growth characteristics. When
maternal glucose levels are used, insulin therapy is recom-
mended when MNT fails to maintain self-monitored glucose
at the following levels: fasting blood glucose ≤105 mg/dL 
(5.8 mmol/L) or 1-h postprandial blood glucose ≤155 mg/dL
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(8.6 mmol/L) or 2-h postprandial blood glucose ≤ 130 mg/dL
(7.2 mmol/L).25

Measurement of the fetal abdominal circumference early in
the third trimester can be considered another indicator to
define the need to start insulin therapy. In 1998 Buchanan 
et al.30 tested the utility of this approach to drive therapy choice.
They proposed the following decisional cascade: diet therapy
as the first approach with fasting blood glucose evaluation
every 2 weeks. If fasting blood glucose is above 105 mg/dL 
(5.8 mmol/L), insulin should be started. If fasting blood glu-
cose remains below this threshold until 29–33 weeks insulin
should not be prescribed; thereafter fetal ultrasound could be
used to define the need for insulin therapy (see Chapter 27). If
the abdominal circumference is under the 70th percentile diet
therapy alone should be continued. If abdominal circumfer-
ence is above the 70th percentile insulin therapy should be
started independently of the glycemic values.30

In order to achieve and maintain a good metabolic control
a basal–bolus regime should be adopted. Human regular
insulin or rapid acting insulin analogues can be used to con-
trol postprandial hyperglycemia. Different studies showed that
rapid acting analogues are safe during pregnancy contemporary
allowing better metabolic control and increased compliance
with respect to human regular insulin.31–34

Basal insulinization can be provided either with NPH
insulin or continuous subcutaneous insulin infusion which
are effective in regulating inter-prandial periods.35,36 Even if pre-
liminary experiences in gestational diabetes are promising,37,38

long-lasting insulin analogues are not actually recommended
due to the lack of definitive data on their safety during 
pregnancy.

The generally suggested starting dose is 0.7 U/kg of body
weight. The doses and timing of the insulin regimen, should
be thereafter guided by SMBG with particular attention to the
insulin adjustment in the second and third trimesters. In fact,
from weeks 20 and 32 of gestation there is a physiological pro-
gressive increase in insulin requirement up to 50% of the 
initial dose.39 Thus usually the average insulin dose is 0.8 U/kg
in the second trimester, 0.9 U/kg in the third trimester and 
1.0 U/kg at term.40

The most effective insulin regime for insulin therapy
during pregnancy consists of four injections per day. In 1999,
Nachum et al.41 compared the twice daily insulin injection
regimen versus four daily in a cohort of more than 400 preg-
nant women with diabetes. They showed that a regime of four
daily insulin injections improved metabolic control and 
perinatal outcomes better than the twice daily injections;
moreover, the intensified therapy did not increase the risk of
hypoglycemia in the mothers.

A higher risk of hypoglycemia with intensified insulin 
therapy can be observed during the first trimester of gestation
when there is an increase of passive diffusion of glucose across
the placenta and an impaired counter-regulation response.

The continuous subcutaneous insulin infusion (CSII) ther-
apy through the utilization of insulin pumps could represent
an optimal means to improve metabolic control with a reduc-
tion of the risk of hypoglycemia in diabetic pregnant women.
Several studies have shown a better or at least equal efficacy of
the CSII in metabolic control than the optimized multiple

daily injections regimen with a reduction of mild and severe
hypoglycemic episodes, provided that correct criteria have
been used for the selection of the candidates for CSII.42,43

Oral glucose-lowering agents have generally not been 
recommended during pregnancy due to their capability to
cross the placenta inducing fetal abnormalities. Different
studies with glyburide, a second generation sulfonylurea,
showed its efficacy in controlling fasting and postprandial glu-
cose levels during pregnancy with similar beneficial effects on
pregnancy complications as insulin therapy.44,45 Moreover
Langer et al. demonstrated that glyburide did not significantly
cross the placenta.46 Thus, at present, various authors consider
glyburide as a valid therapeutic option for GDM.47,48

Metformin is increasingly used for polycystic ovary syndrome
(PCOS); preliminary experiences of PCOS women treated
with metformin throughout the pregnancy did not demonstrate
an increased risk of complications in children.49,50

Programs of moderate physical exercise have been shown
to lower maternal fasting and postprandial glucose concentra-
tions in women with GDM.51 In fact, physical exercise can
improve unsatisfactory metabolic control in a diabetic pregnant
patient on diet therapy alone.

Controversial results are provided about the safety of exer-
cise for the fetus. Some authors demonstrated an exercise-
induced fetal bradycardia while others did not find cardiac
effects in the fetus deriving from the mother’s exercise.52,53

The same contrasting results were also shown with regard
to uterine activity; some authors54 found that it was increased
by exercise, while other authors found that it was not affected
by exercise.55

Physical exercise with utilization of upper body muscles
was demonstrated to be safer than exercise that involves lower
body muscles.56 However, physical exercise that can increase
blood pressure needs to be avoided because of the risk of
pre-eclampsia in GDM.

Although the impact of exercise on neonatal complications
awaits to be defined through rigorous clinical trials, the benefi-
cial glucose-lowering effects warrants a recommendation that
women without medical or obstetric contraindications be
encouraged to start or continue a program of moderate exercise
as a part of treatment for GDM. Jovanovic et al. suggested light
exercise of at least 20 min per day three times per week.57

Increased surveillance for pregnancies at risk for fetal
demise is appropriate, particularly when fasting glucose levels
exceed 105 mg/dL (5.8 mmol/L) or the pregnancy progresses
past term. The initiation, frequency, and specific techniques
used to assess fetal well-being will depend on the cumulative
risk the fetus bears from GDM and any other concomitant
medical/obstetric condition. Assessment for asymmetric fetal
growth by ultrasonography, particularly in the early third
trimester, may aid in identifying fetuses that can benefit from
maternal insulin therapy (see Chapters 27 and 30).

The timing of beginning and the frequency of fetal moni-
toring depend on the presence of complications of the preg-
nancy such as pre-eclampsia, hypertension, antepartum
hemorrhage, and fetal growth retardation. The intensity and
the type of monitoring should be dictated by the severity of
the obstetric complication. Ultrasonography should be con-
sidered around the 24th week to detect abnormalities of fetal
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growth and signs of polyhydramnios.11 Ultrasonography has
also been proposed as a more accurate method of estimation
of fetal weight. Unfortunately, the reported mean error ranges
from 300 to 550 g (11.6 to 19.4 ounces) (see Chapter 30).58

Delivery
GDM is not an indication for delivery by Cesarean section nor
for delivery before 38 completed weeks of gestation. The pro-
longation of the gestation beyond 38 weeks increases the risk
of fetal macrosomia without reducing Cesarean section rates,
so that delivery during the 38th week has been recommended
unless obstetric considerations dictate otherwise.11 Other
authors suggest prolonging pregnancy till the due time in
women treated with diet alone and presenting good metabolic
control.13

Cesarean section should be considered in case of macroso-
mia to reduce the risk of dystocic delivery and the maternal
consequences.59 The main objectives during labor are to main-
tain normal glycemic values, adequate hydration and caloric
intake.60,61 If women are only on diet therapy, it is suggested
that breakfast is avoided on the morning when the delivery is
planned. During delivery an intravenous infusion of saline solu-
tion at a rate of 100–150 mL/h and regular glucose monitoring
are advised.

In the case of women on insulin treatment it has to be con-
sidered that labor determines a reduction of insulin need and
an increase of caloric necessity. The day before labor, women
should follow their usual insulin and diet regimen with an
injection of bedtime intermediate insulin adjusted to produce
a satisfactory fasting blood glucose. On the morning of the deliv-
ery, women should not receive either breakfast or rapid acting
insulin bolus. An intravenous insulin infusion of 1–2 units
of short-acting insulin per hour together with a 5% 
glucose solution or a saline solution at 100–150 mL/h is rec-
ommended. Blood glucose should be evaluated every hour
and the insulin infusion should be adjusted accordingly in
order to obtain a glycemic target between 70 and 130 mg/dL
(3.8–7.2 mmol/L).

During delivery insulin infusion should be suspended while
glucose infusion and glucose monitoring should be continued.
The neonates of mothers with GDM or with pre-gestational
diabetes are at the same risk for complications, particularly
those infants born macrosomic (birthweight >4000 g).62

A pediatrician experienced in resuscitation of the newborn
should be present whether delivery is vaginal or by Cesarean
section. As soon as the infant is born, the following actions are
essential:

1. Early clamping of the cord, i.e. within 20 seconds from
delivery, to avoid erythrocytosis.

2. Evaluate vital signs: determine the Apgar score at 1 and 5 min.
3. Clear oropharynx and nose of mucus. Later empty the

stomach: be aware that stimulation of the pharynx with the
catheter may lead to reflex bradycardia and apnea.

4. Avoid heat loss; keep the neonate warm and transfer to an
incubator pre-warmed to 34°C.

5. Perform a preliminary physical examination to detect
major congenital malformations.

6. Monitor heart and respiratory rates, color, motor behavior
at least during the first 24 h after birth.

7. Start early feeding, preferably breast milk at 4–6 h after
delivery. Aim at full caloric intake (125 kcal/kg and 24 h) at
5 days, divided into six to eight feeds a day.

8. Promote early infant–parents relationship (bonding).

The neonate is usually best cared for in specialized neona-
tal units. Interference with the infant should be minimal. The
neonates should be observed closely after delivery for respira-
tory distress. Capillary blood glucose should be monitored at
1 h of age and before the first four breast feedings (and for up
to 24 h in high risk neonates). Currently, some amperometric
blood glucose meters are acceptable for use in neonates, pro-
vided that suitable quality control procedures and operator
training are in place. A neonatal blood glucose level 
<36 mg/dL (2.0 mmol/L) needs to be verified by repeat testing
(laboratory verification is preferred but should not delay the
initiation of treatment). Levels <36 mg/dL (2.0 mmol/L)
should be considered abnormal and treated. If the baby is
obviously macrosomic, calcium and magnesium levels should
be checked on day 2.11 Breast feeding, as always, should be
encouraged in women with GDM.17

Postpartum maternal follow-up
Women with GDM have an increased risk to develop diabetes,
usually Type 2, after pregnancy. Approximately 10% of GDM
women present clinical overt diabetes soon after pregnancy
and in the remaining population the incidence rate constantly
increases over years from delivery up to 70% at 10 years in
specific groups.63

Obesity and other factors that promote insulin resistance
appear to enhance the risk of Type 2 diabetes after GDM,
while markers of islet cell-directed autoimmunity are associated
with an increase in the risk of Type 1 diabetes.64,65

Another risk factor for developing diabetes after delivery is
the need for insulin supplementation to maintain good meta-
bolic control during pregnancy.66 A study involving 102
women with previous GDM followed for 8 years after preg-
nancy, showed an increased risk of developing diabetes in
those who required bedtime insulin for the presence of
persistent fasting hyperglycemia while no difference was seen
between those who received only prandial injections in respect
to noninsulin-treated controls.67

In all women with history of GDM and particularly in
those presenting the above-mentioned risk factors the ADA
advices a reclassification of the maternal glycemia at 6 weeks
after delivery with a 75-g OGTT.68 If the blood glucose levels
are normal, another evaluation should be done after 3 years.
In the case of impaired fasting glucose (IFG) or impaired glu-
cose tolerance (IGT), glucose testing is advised every year.
These patients should be placed on an intensive MNT, and on
an individualized exercise regime due to their very high risk of
developing diabetes.69 Medications that provoke insulin resist-
ance should be avoided if possible. Patients should be edu-
cated on symptoms of hyperglycemia and they should be
advised to seek medical attention if they should develop such
symptoms.70 They should also be educated on the need for
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family planning to ensure optimal glycemia control from the
start of any subsequent pregnancy. Offspring of women with
GDM are at increased risk of obesity, glucose intolerance, and
diabetes in late adolescence and young adulthood.28

Pre-gestational diabetes
Pre-conceptional care of women with diabetes
Despite progress in diabetes treatment pregnancies in women
with either Type 1 or Type 2 diabetes are still associated with
poorer outcomes with respect to healthy nondiabetic women.

A survey conducted in the UK covering a period of 12 years
from 1990 to 2002 showed that pregnancy in Type 2 diabetic
mothers was associated with an increased risk of infant mor-
tality (2-fold for stillbirth up to 6-fold for death within 1 year)
and of congenital malformation (11 times) with respect to
nondiabetic mothers in the same geographical area.71

Another study conducted in the Netherlands in the period
199–2000 showed higher rate of perinatal mortality (2.8%),
preterm delivery (32.2%), Cesarean section (44.1%) and con-
genital malformation (8.8%) in pregnant women with Type 1
diabetes related to the referring general population; they also
showed an higher incidence of poor outcomes in unplanned
pregnancies.72

Elements of an organized program for pre-conceptional
care are best based on the various published clinical trials that
have been successful in preventing excess spontaneous abor-
tions and major malformations in IDM3,73,74 when a good
metabolic control is achieved. The pre-conceptional care is
also provided on the basis of a cost–benefit analysis.

The model for diabetes preconception and early pregnancy
health care includes four main elements: (1) education of the
patient about the interaction between diabetes, pregnancy,
and family planning; (2) education in diabetes self-manage-
ment skills; (3) physician-directed medical care and laboratory
testing; and (4) counselling by a mental health professional,
when indicated, to reduce stress and improve adherence to the
diabetes treatment plan.70

The desired outcome of the preconception phase of care is
to lower HbA1c values to a level associated with optimal
development during organogenesis. Epidemiological studies
indicate that HbA1c test values up to 1% above normal are
associated with rates of congenital malformations and sponta-
neous abortions that are not greater than rates in nondiabetic
pregnancies. However, rates of each complication continue to
decrease with even lower HbA1c test levels. Thus, the general
goal for glycemic management in the preconception period
and during the first trimester should be to obtain the lowest
HbA1c test level possible without undue risk of hypoglycemia
in the mother. In 2003 the ADA stated that the goal for meta-
bolic control in diabetic pregnant should be less than 1%
above the upper limit of the normal range.75

To obtain these values, there is need for an appropriate
meal plan, self-monitoring of blood glucose (SMBG), self-
administration of insulin and self-adjustment of insulin
doses, treatment of hypoglycemia (patient and family mem-
bers), incorporation of physical activity, and development of
techniques to reduce stress and cope with denial.70

A complete anamnesis is imperative before planning for
pregnancy. This should include, but not be limited to, ques-
tioning for duration and type of diabetes (Type 1 or Type 2),
acute complications, including history of infections, ketoaci-
dosis, and hypoglycemia, chronic complications, including
retinopathy, nephropathy, hypertension, atherosclerotic vas-
cular disease, and autonomic and peripheral neuropathy, dia-
betes management, including insulin regimen, prior or
current use of oral glucose-lowering agents, SMBG regimens
and results, medical nutrition therapy, and physical activity,
concomitant medical conditions and medications, thyroid dis-
ease in particular for patients with Type 1 diabetes, menstrual/
pregnancy history; contraceptive use and support system,
including family and work environment.70 To minimize the
occurrence of malformations, standard care for all women
with diabetes who have child-bearing potential should include
(1) counselling about the risk of malformations associated
with unplanned pregnancies and poor metabolic control;
(2) use of effective contraception at all times unless the patient
is in good metabolic control and actively trying to conceive;70

(3) integration of the patient into the management of her 
condition; and (4) identification and treatment of complica-
tions of diabetes such as retinopathy, nephropathy, and 
hypertension.76

Diabetic retinopathy, nephropathy, autonomic neuropathy
(especially gastroparesis), and coronary artery disease (CAD)
can be affected by or can affect the outcome of pregnancy.
Thus, physical examination should give particular attention to
blood pressure measurement, including testing for orthostatic
changes, dilated retinal examination by an ophthalmologist or
other eye specialist knowledgeable about diabetic eye disease,
and cardiovascular examination for evidence of cardiac or
peripheral vascular disease. If found, patients should have
screening tests for CAD before attempting pregnancy, to
ensure they can tolerate the increased cardiac demands; and a
neurological examination, including examination for signs of
autonomic neuropathy.

Laboratory evaluation should focus on assessment and
detection of diabetic complications that may affect or be
affected by pregnancy: serum creatinine and urinary excretion
of total protein and/or albumin (albumin-to-creatinine ratio
or 24-h excretion rate).

Pregnancy seems not to be correlated with the develop-
ment of diabetic retinopathy in women who did not have
retinopathy before pregnancy.77 Nevertheless pregnancy is
associated with a significant progress towards more severe
degrees of retinopathy in those who have pre-proliferative or
proliferative retinopathy before pregnancy. All women who
present proliferative retinopathy should undergo laser therapy
before initiating a pregnancy.78 Different studies showed a rapid
worsening of retinopathy in diabetic mothers when a strict
metabolic control is obtained in a short time.79–81 Intervention
in women with severe pre-proliferative or proliferative
retinopathy should be tailored to achieve gradual metabolic
control in preconception care.

Diabetic nephropathy complicates 5–10% of pregnancies
in women with Type 1 diabetes82 leading to an increased 
risk of fetal abnormalities, perinatal mortality, and mother
morbidity.
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Patients with protein excretion >190 mg/24 h have been
shown to be at increased risk for hypertensive disorders during
pregnancy. Patients with protein excretion >400 mg/24 h also
are at risk for intrauterine growth retardation during later
pregnancy. No specific treatments are indicated, but patients
should be counselled about these risks. Since patients should
not take angiotensin-converting enzyme (ACE) inhibitors
during pregnancy, these assessments should be carried out
after cessation of these drugs.

Women with incipient renal failure (serum creatinine >265.2
µmol/L or creatinine clearance <50 mL/min) should be coun-
selled that pregnancy may induce a permanent worsening of
renal function in >40% of patients. In subjects with less severe
nephropathy, renal function may worsen transiently during preg-
nancy, but permanent worsening occurs at a rate no different
from the background. Therefore, it should not serve as a con-
traindication to conception and pregnancy. As mentioned above,
the presence of proteinuria in excess of 190 mg/24 h before or
during early pregnancy is associated with a tripling of the risk of
hypertensive disorders in the second half of pregnancy.
ACE inhibitors for treatment of microalbuminuria should be 
discontinued in women who are attempting to become pregnant.

The presence of autonomic neuropathy, particularly mani-
fested by gastroparesis, urinary retention, hypoglycemic
unawareness or orthostatic hypotension may complicate the
management of diabetes in pregnancy. These complications
should be identified, appropriately evaluated, and treated
before conception. Peripheral neuropathy, especially compart-
ment syndromes such as carpal tunnel syndrome, may be
exacerbated by pregnancy.

Measurement of serum thyroid stimulating hormone and/or
free thyroxin level in women with Type 1 diabetes because of the
5–10% coincidence of hyper- or hypothyroidism and then other
tests as indicated by physical examination or history. Successful
preconception care programs have used the following pre- and
postprandial glycemic goals: (1) before meals, values for capillary
whole-blood glucose of 70–100 mg/dL (3.9–5.6 mmol/L) or
capillary plasma glucose 80–110 mg/dL (4.4–6.1 mmol/L) 2 h;
and (2) after meals, values for capillary whole-blood glucose of
<140 mg/dL (<7.8 mmol/L) at 2 h or capillary plasma glucose
<155 mg/dL (<8.6 mmol/L) at 2 h.75 Implement the treatment
plan and monitor HbA1c levels at intervals of 1–2 weeks until
stable. Then, counsel the patient about the risk associated with
her level. If she does not achieve a low-risk level of <1% above
the upper limit of normal, consider modification of the treat-
ment regimen, including addition of postprandial glucose mon-
itoring.11 Glycemic goals may need to be modified according to
the patient’s recognition of hypoglycemia and the risk of severe
neuroglycopenia. Outpatient management is the appropriate
forum for achieving preconception glycemic goals. Once the
patient has achieved stable glycemic control (assessed by the

HbA1c test) that is as good as she can achieve, then she can be
counselled about the risk of malformations and spontaneous
abortions. If the risk as well as the status of maternal diabetic
complications and any coexisting medical conditions are
acceptable, then contraception can be discontinued. If concep-
tion does not occur within 1 year, the patient’s fertility should
be assessed.

Metabolic monitoring during pregnancy
Metabolic and weight targets for diabetic pregnant women are
similar to those presented for GDM. Close attention should be
paid to the management of insulin doses considering that
during pregnancy insulin need progressively increases from
the first to the third trimester and that it inversely reduces in
the immediate postpartum period. A recent study confirmed
also in Type 1 diabetic pregnancy the superiority of 1 h post-
prandial blood glucose measurements in respect to the 
pre-prandial monitoring in reducing the risk of maternal and
fetal complications.12 Hypoglycemia occurs more frequently
during pregnancy in women with Type 1 diabetes, some evi-
dences correlate maternal hypoglycemia with adverse fetal
consequences. Thus although tight glycemic control is desir-
able during pregnancy efforts should be made to avoid blood
glucose below 3.9 mmol/L.83 Therefore it will be very impor-
tant to provide educational support for self-management both
for the home blood glucose monitoring and for the insulin
self-adjustment. Moreover, strict control of blood pressure
should be guaranteed. According to the recent classification by
the Joint National Committee (JNCV) four levels of blood
pressure control are defined.84 The first stage corresponds to
blood pressure of 140–159/90–99 mmHg and indicates the
lowest degree of severity. However, due to the fact that diabetic
pregnant women have a higher risk of hypertensive disorder
some authors suggested starting anti-hypertensive treatment
when blood pressure levels are above 135/85 mmHg. The con-
traindication of treatment with ACE inhibitors during preg-
nancy has to be reinforced due to the higher risk of fetal
malformation. Diuretics and beta blockers should also be
avoided during pregnancy. One of the greatest risks for the
diabetic mother is the worsening of a pre-existing diabetic
retinopathy. In the case of development of proliferative lesions
laser treatment can be used during pregnancy. Hospitalization
is not an elective choice for pregnant diabetics but it should be
considered only in case of severe complications like ketoacidosis,
hypoglycemic coma or pre-eclampsia.

Also, for the diabetic pregnant patient Cesarean section
should be avoided whenever possible. It is vice versa recom-
mended in the following cases: pre-eclampsia, malformations,
abnormal fetal presentation, advanced age of the mother, and
previous Cesarean section.
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Introduction
Pregnancy causes a multitude of metabolic changes within 
a woman’s body in order to provide the proper nutrients to the
developing fetus. In women with diabetes Type 1, Type 2, and
gestational diabetes mellitus (GDM) these metabolic pertur-
bations must be treated distinctly and aggressively to optimize
fetal development and health. Pre-gestational diabetes (either
Type 1 or Type 2) has the potential to subject the developing
fetus to abnormal maternal glucose levels resulting in prob-
lems with organogenesis producing congenital abnormalities
or spontaneous abortion. Furthermore, gestational diabetes
mellitus presents after organogenesis in the second part of
pregnancy, therefore the major risk for the fetus is macroso-
mia. Although the goal for dietary therapy for each of these
disorders is the same which is euglycemia, the means to
achieve it are very different and somewhat controversial. In
the case of gestational diabetes, the mainstay of therapy is
medical nutritional therapy whereas in insulin-requiring dia-
betes, dietary therapy is compensated with pre-meal insulin
injections. In this chapter, the metabolic changes in normal
pregnancy will be presented followed by the general guidelines
for pregnancy. Fetal complications associated with inadequate
nutrition or metabolic perturbation will be briefly explored,
followed by issues and treatment for gestational diabetes 
mellitus, with emphasis on specific dietary therapies for GDM.

Metabolic changes in normal
pregnancy
During pregnancy, metabolism increases by 15–26% to 
support both mother and developing fetus.1 Early pregnancy
is characterized by normal glucose tolerance, normal hepatic
gluconeogenesis, and normal or improved insulin sensitivity.1–5

As pregnancy progresses, carbohydrate metabolism becomes
altered due to an increase in insulin secretion and decreased
insulin sensitivity. Thus, some insulin resistance occurs, by 
late pregnancy overall insulin action is decreased 50–70% as
compared to a nonpregnant women.5

Lipid metabolism is also altered in hepatic and adipose
tissue. Early pregnancy hormones, estrogen, progesterone, and
insulin promote the storage of lipids within maternal tissues.
Therefore, in early pregnancy, initially there is a decrease in
serum triacylglycerols, fatty acids, cholesterol, lipoproteins,
and phospholipids. However, as estrogen and insulin resist-
ance impacts the mother, lipolysis and hypertriglyceremia
ensues.5 For example at week 12, estrogen causes cholesterol,
specifically HDL, to be utilized as a major metabolic fuel for
the placenta throughout the remaining weeks of pregnancy,
thus serum concentrations increase. Furthermore, VLDL is
altered in the second and third trimesters due to a change in
adipose and hepatic enzyme activity, specifically the decrease
of lipoprotein lipase (LPL). Notably, when maternal glucose
levels decrease as can be seen during the fasting state, hepatic
LPL activity increases allowing the mobilization of lipids and
ketones for fetal nutrition.

Human chorionic gonadotropin, prolactin, and glucagon
also contribute by stimulating lipolysis in late pregnancy.
This serves to preferentially send glucose and protein to the
fetus, while the maternal tissues rely more on fatty acid 
oxidation and ketogenesis to meet their energy requirement.
Finally, during the third trimester a change in hepatic 
gluconeogenesis can be seen. Due to a 10–15 mg/dL decrease
in basal rate of glucose and an insulin concentration of two
times the concentration seen in a nonpregnant women, the
liver must compensate by secreting 16–30% more glucose 
to meet the energy needs of both the mother and fetus.3,6,7

Assel et al.7 found that the maternal hepatic glucose 
production is dependent upon maternal body weight in a
linear fashion. Late pregnancy also is characterized by a rise in
the carbohydrate contribution to the overall oxidative 
metabolism as energy.

In normal pregnancy, metabolic changes occur to 
shunt nutrients from the mother to the fetus, allowing 
for optimal development and growth, however as we explore
the following sections of this chapter it will become apparent
that alteration based on input and dysfunction can alter 
the body’s natural plan and cause both distress to the mother
and fetus.

Medical nutritional therapy
for gestational diabetes
mellitus
Emily Albertson and Lois Jovanovic
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General nutritional guidelines for
pregnancy
Normal pregnancy nutritional guidelines focus on several
dietary elements. Major topics include: caloric intake,
macronutrient proportion, vitamins and minerals, and 
alcohol consumption. The energy requirements of the fetus
must be met to ensure proper development and provide for
postpartum lactation without causing excessive maternal
weight gain. The energy standard to support a pregnancy has
been debated heavily and will be explored in the GDM 
nutritional therapy section below. The American College of
Obstetricians and Gynecologists advocates several basic con-
cepts for a balanced diet for pregnant women. They suggest
eating three to four servings of fruits and vegetables, nine
servings of whole grains for energy, three servings of dairy for
calcium, and three servings of meat to reach daily protein
requirements. Vitamin supplementation to achieve daily
nutrients, as an adjunct to a healthy diet, is encouraged when
recommended by the woman’s physician. Certain foods
should be avoided in pregnancy due to fetal developmental
harm. These include: deli meat, certain preparations of
smoked fish, soft cheeses, unpasteurized milk, refrigerated
pate, raw meat, and raw eggs, which have been associated with
bacterial infections such as Salmonella, Listeria, and
Escherichia coli. Toxoplasma gondii, the protozoan that causes
toxoplasmosis, has also been found as contaminant in
unwashed vegetables and raw meat. Fish containing mercury
and raw shellfish should be avoided. Caffeine has been 
associated with miscarriage, premature birth, low birthweight,
and withdrawal symptoms in the neonate when consumed in
large amounts in pregnancy. However, other studies have
implicated caffeine intake in modest levels to be non-
detrimental in pregnancy. Until further studies can evaluate
the effects of caffeine, it is recommended to be avoided 
altogether.8,9 Alcohol should not be used in any amount
during pregnancy. In utero exposure has been linked to 
developmental disorders such as fetal alcohol syndrome. Also,
alcohol should be avoided postpartum while breast feeding.10

Gestational diabetes mellitus
As discussed in the previous section on metabolic changes in
pregnancy, the nondiabetic women undergoes drastic and
dynamic metabolic changes to provide glucose as the prefer-
ential energy source to the developing fetus. Although, the
pathophysiological mechanism behind GDM remains
unknown, some current theories include a predisposition to
future Type 2 diabetes triggered by the changes in metabolism
that normally accompany pregnancy, or an increased response
by the woman’s body to normal metabolic changes of pregnancy.
GDM has been defined as ‘glucose intolerance of variable
severity with onset or first recognized during pregnancy’.11

It is important to note that GDM does not cause a malfunction
in insulin secretion or improper pro-insulin or glucagon activ-
ity: insulin resistance remains the prominent characteristic.12

In the United States, GDM affects 2–14% of the pregnant 

population per year depending on the ethnicity of the popu-
lation studied.13,14 A women who is most likely to be affected
by GDM is one who is obese, >25 years of age, has a family his-
tory of diabetes especially in first-degree relatives, has a past
medical history for glucose intolerance or metabolism 
problems and/or miscarriages or other obstetric problems.
Additionally, Latino, African, Native American, South or East
Asian, and Pacific Islanders are at a higher risk for developing
GDM.15 The Santa Barbara County Health Care Services
Program Study16 found that women who meet several of these
criteria, at the greatest risk, should be tested as early as 
feasible, while those with average risk should be tested at
24–28 weeks gestation. However, GDM can easily appear in
low-risk women, therefore universal screening would be ideal.

Screening methods for GDM
The screening methods for GDM are very controversial. The
two criteria sets endorsed by the World Health Organization
or the US National Diabetes Data Group are each distinct and
are primarily based on statistical standard deviations without
regarding the level of clinical outcome achieved. An attempt to
set international standards and identify those at risk for devel-
oping GDM is currently under way in a 5-year, prospective,
observational and multi-center study, the Hyperglycemia and
Adverse Pregnancy Outcomes Study. It involves 25,000 women
in 10 countries and specifically will look at the clinical 
outcomes with respect to Cesarean delivery, fetal hyperinsu-
linemia, macrosomia, and neonatal morbidity in correlation
to maternal glycemic levels.17

Fetal complications of maternal
hyperglycemia
Uncontrolled hyperglycemia primarily affects fetal growth on
both extremes of the normal growth curve. In those diabetic
mothers that have advanced vascular disease, fetal growth
deceleration may occur due to placental insufficiency. Fetal
growth deceleration is defined as those in lower 5th percentile
on a growth curve adjusted for gestational age.18,19 Macrosomia
defined as an absolute birthweight of greater than 4000-g or
greater than the 90th percentile (adjusted for gender, ethnicity,
and gestational age). Cesarean sections often must be per-
formed when the baby is at term to reduce the risk of birth
trauma such as Erb’s palsy or Klumpke’s paralysis.20 Cesarean
sections also adds risk to the mother’s health. As explained by
the Pederson hypothesis,21 the effects of an intrauterine envi-
ronment of hyperglycemia and hyperinsulinemia include:
hypoglycemia, organ developmental problems (especially gas-
trointestinal), erythrocytosis, iron redistribution, calcium and
magnesium deficiencies, respiratory problems (respiratory
distress syndrome), cardiac problems (intraventicular hyper-
trophy and cardiomyopathy or heart failure), hyperbilirubine-
mia, and neurological sequelae.

A multitude of metabolic problems occur that not only
affect the immediate future of the neonate, but as these chil-
dren mature they have a predisposition of future metabolic
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problems, such as Type 2 diabetes and metabolic syndrome.22,23

Subsequently, this pattern of metabolic disease takes a cyclic
course affecting future generations.

Does treatment of GDM make a
difference in pregnancy outcome?
In June 2005, Crowther and colleagues24 published the results
of a 10-year multi-center randomized clinical trial in Australia
and the United Kingdom called the Australian Carbohydrate
Intolerance Study in Pregnant Women (ACHOIS) (Table 26.1).
The purpose of the ACHOIS was to determine whether 
medical nutritional therapy, glucose monitoring, and insulin
therapy was superior to routine prenatal care with regard to
reducing the risk of perinatal complications and postpartum
maternal health status. A total 1000 women participated in
this trial, 490 in the intervention group, and 510 in the routine
care group with eligibility based upon the presence of one or
more risk factors for GDM, or a positive 50-g Glucose 
challenge test (GCT) who did not have an indication of pre-
gestational diabetes, history of GDM, or an active chronic 
disease. The WHO criteria were used to identify those with
GDM, and women with severe glucose impairments were
excluded. Therapies provided to the women in the interven-
tional group consisted of dietary counseling with considera-
tion to pre-pregnancy weight, activity level, normal dietary
intake, and weight gain. Women were asked to self-monitor
their glucose levels four times a day and proceed with insulin
therapy dosage adjustments based upon those levels. Women
in the routine care group received care from blinded clinicians
as to the status of the previously performed oral glucose 
tolerance test (OGTT). However, if the clinician felt the
patient was experiencing glucose intolerance, assessment and
treatment could be instituted at his or her discretion.

Otherwise, prenatal care that was specific to the center visited
was given. Primary outcomes included one or more perinatal
complications defined as death, shoulder dystocia, bone frac-
ture, and nerve palsy. Admission to the neonatal intensive care
unit and jaundice that required phototherapy was also
assessed. Secondary outcomes included a consideration of the
primary outcome, gestational age at delivery, overall birth-
weight, and birthweight adjusted for gestational age, and the
presence of macrosomia or fetal decelerated growth. Maternal
outcomes were assessed on the basis of general and mental
health including depression, anxiety, gestational age at birth,
mode of birth, weight gain during pregnancy, hospital admis-
sions and prenatal visits, and common complications, such as
pregnancy induced hypertension.

The ACHOIS study24 established several significant results
both in the neonatal and maternal outcomes. The rate of
serious adverse perinatal outcomes was significantly different
between the interventional and routine care groups at 
1 vs. 4%, respectively (P < 0.01). This rate established the
number needed to treat at 34 to reduce the incidence of
perinatal complication. Newborns in the interventional 
group were admitted to the neonatal intensive care units more
often, at a rate of 71 vs. 61% admission rate in the routine 
group (P < 0.01). No significant difference was seen when 
considering the length of stay in the NICU or use of pho-
totherapy due to jaundice. Thirty-nine percent of interven-
tional group mothers were induced into labor versus 29% in
the routine care group (P < 0.001). However, rates and reason
for Cesarean sections were similar between the groups.24

With regard to the secondary outcomes, the interventional
group neonates had significantly lower mean birthweights 
(P < 0.01) and were born earlier presumably due to higher
labor induction rates. However, when adjusting for gestational
age with respect to birthweight there were significantly fewer
neonates born to interventional mothers that qualified in the

Table 26.1 Summary of the ACHOIS Study

Intervention group, Routine group, 
Maternal and neonate primary, secondary n = 490 mothers, n = 510 mothers,
outcomes evaluated 506 neonates 524 neonates

Perinatal complications (P = 0.01) 1% 4%
NICU admission rate (P = 0.01) 71% 61%
Length of stay and phototherapy Median 1 day; Median 1 day;

implementation (NSD) Interquartile range: 1–2 days Interquarile range: 1–3 days
Labor induction (P < 0.001) 39% 29%
Rate of Cesarean section (NSD) 31% 32%
Mean birthweigh t (P < 0.001) 3335 g ± 551g 3482g ± 660g
Large for gestational age (P < 0.001) 13% 22%
Macrosomia (P < 0.001) 10% 21%
Small for gestational age (NSD) 7% 7%
Maternal Edinburgh Postnatal Depression Score >12 8% 17%

(P = 0.001)

NSD, No significant difference.
(From Crowther et al.24)
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large for gestational age category. Additionally, macrosomia
occurred significantly less often, but the rate of infants in the
small for gestational age group did not differ between the
interventional and routine care groups. Maternal outcomes
regarding maternal perception at 3 months postpartum of
health showed an improved quality of life in the interventional
mothers specifically with a reduction in the incidence depres-
sion, 8 vs. 17% as measured by the Edinburgh Postnatal
Depression Scale.24 (Table 26.1).

The ACHOIS study clearly shows the benefits of using a
multi-faceted approach toward managing GDM to the
neonate and the mother. Not only does it advocate dietary and
insulin therapies, but when one considers the population
chosen and the method of randomization, it supports the use
of universal screening. Based on the study design, the inter-
ventional group would be equivalent to universal screening
practices and the routine group would represent those in
which GDM screening is not routine. Therefore, by applying
the results of the study in the women receiving routine care,
only 34 women would need to be treated with interventional
therapies to produce one improved neonatal outcome. Given
the severity of an adverse neonatal outcome, this finding would
support expanding the GDM screening population to include
women who would routinely not be screened for GDM.

GDM and nutritional therapy
As demonstrated above, management of GDM is multifaceted.
Insulin therapy, exercise, and diet are all vital components
toward reducing the incidence of maternal hyperglycemia and
ultimately fetal complications. The remainder of this chapter
will focus on GDM nutritional therapy. Currently, there is no
universally accepted medical nutritional therapy for the 
treatment of GDM. The American Dietetic Association 
advocates the standard medical nutritional therapy for a GDM
mother to be the standard therapy advocated in nonpregnant
adults with the carbohydrate content standard being 
< 60% carbohydrate per meal. However, when these standards
were followed an increase in insulin therapy was seen in 
more than 50% of the GDM women.25 Additional studies 
have supported lower carbohydrate percentages. For example,
in a study involving obese GDM women, when the 
carbohydrate was restricted to 33%, the infants were all within
normal birthweight ranges and there was no evidence of
maternal ketonemia.

Ketonemia and ketonuria
Following an overnight fast, 10–20% of all pregnant women
have ketones in their blood.26,27 This fasting ketonemia 
or ‘starvation ketonemia’ has not been associated to fetal 
detriment. However, in studies conducted by Rizzo and 
colleagues, hyperketonemia during pregnancy, which results
from maternal diabetes (hyperglycemia) has been implicated
to affect the fetus’s intellectual and behavioral development as
measured by Bayley Scales of Infant Development, and the
Stanford–Binet Intelligence Scale, which were administered 

at ages 2 and 3, 4, and 5 years, respectively. Hence, it was 
suggested that ketonemia be avoided in all pregnant women.28

Buchanan and colleagues contrasted the metabolic
response in normal pregnant women without GDM, to those
who were obese with GDM. He subjected both groups to an
overnight fast and then an extended 18-h total fast. Obese
GDM women had a greater decrease in plasma glucose levels
and were not more prone to develop ketonemia than the
normal pregnant women. This result would support the use 
of decreasing the frequency of meals in order to achieve 
lower pre-prandial glucose levels in obese GDM women.29

In a study of Type 1 diabetic women, Jovanovic and co-workers
showed that those infants whose mothers had the lowest beta-
hydroxybutyrate levels had the largest infants because mothers’
postprandial glucose concentrations where higher due to the
increased caloric intake prescribed to avoid the ketonemia.30

Caloric restriction
Caloric restriction in pregnant women with GDM is another
aspect of medical nutritional therapy that needs to be
addressed. When women who are classified as obese or over-
weight prior to pregnancy, the amount of weight gain in preg-
nancy differs from those who are at a normal or underweight
prior to pregnancy. The National Academy of Science has 
recommended that for women greater than 150% of ideal
body weight, no more than 15 pounds should be gained with
pregnancy. Optimal infant birthweight was achieved when less
than 3 kg or no weight was gained in these women.31

Hypo-caloric diets have been explored in women with GDM
based upon a 2400 kcal/day diet. Investigators32 compared a
2400 kcal/day diet to a 1200 kcal/day diet and achieved 
significant differences in average glucose and fasting insulin
levels, but not in fasting or postglucose challenge tests. Those
in the 1200 kcal/day group developed ketonemia and ketouria,
therefore the study was discontinued due to the controversial
association of ketones with fetal developmental harm.
Subsequently, in another study conducted by the same 
investigators, within the first week, when compared with the
2400 kcal/day diet, a 1600 kcal/day diet improved fasting 
and mean daily glucose values without the development 
of ketonemia. Further studies have advocated a 1500 kcal/day
to 1800 kcal/day diet for obese women with GDM with 
similar results.33

The standards for energy requirements for pregnant
women with GDM, as supported by the American College of
Obstetrics and Gynecology, determine the amount of energy
needed to maintain pregnancy based upon the pre-gravid
weight. For GDM women, who are 1.5 times their ideal body
weight the caloric intake is 12–15 kcal/kg of the current 
pregnant weight, while those at less than 0.8 of their 
ideal body weight are to increase their caloric intake to 
35–40 kcal/kg current pregnant weight. For those at 0.8 to 
1.2 times their ideal body weight, 30 kcal/kg and those at
1.2–1.5 times ideal body weight, 24 kcal/kg current pregnant
weight is the standard.15 The ‘euglycemic diet’ advocated the
lower range of the spectrum set by the American College of
Obstetrics and Gynecology.
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Carbohydrate restriction
The Pederson hypothesis attributes fetal macrosomia due to
hyperinsulinemia caused by maternal hyperglycemia. Several
studies have shown that when maternal glucose levels are well
controlled, the incidence of macrosomia, fetopathy, and
Cesarean sections decreases.21,34–36 Currently, there is no set
standard for pre- and postprandial levels in GDM women.
Optimally, the therapeutic target of glucose levels in a woman
with GDM would be the same as those who are pregnant with-
out diabetes. Normoglycemia in the pregnant, nondiabetic,
non-obese woman was demonstrated in studies conducted in
2001, by Paretti and colleagues.35 In this study, the postpran-
dial mean glucose during the third trimester did not exceed
105.2 mg/dL (5.8 ± 0.27 mmol/L). At 28 weeks gestation the 
l daily mean glucose levels was (71.9 ± 5.7 mg/dL) and at 38
weeks it increased to (78.3 ± 5.4 mg/dL), which would coincide
with the normal insulin intolerance increase respectively.
Paretti et al.35 also accessed the clinical outcome of these preg-
nancies based on fetal growth. They found that 1-h postpran-
dial glucose levels at 28 weeks through the third trimester had
a positive correlation to fetal abdominal growth. Furthermore,
the results are supportive in attributing the postprandial 
1-h glucose levels as a predictor of infant birthweight, fetal
macrosomia, fetal hyperinsulinemia and fetal abdominal 
circumference in nondiabetic pregnancies. Therefore, one
may consider the level of insulin resistance as a spectrum, in
which those with GDM are affected in the same way as nondi-
abetic pregnant women but to a greater extent. Hence, the
levels of glycemia achieved in nondiabetic pregnant women to
decrease incidence of fetal complications and growth would
be applicable to those with GDM.

Another study to support the importance of postprandial
glucose levels is the Diabetes in Early Pregnancy study, which
was conducted with Type 1 diabetic mothers. When postprandial
glucose levels increased there was an increased risk of
macrosomia. The threshold for the marked increase was seen
when postprandial glucose levels reached 120 mg/dL.36 Thus, a
dietary therapy, ‘the euglycemic diet’ was developed on the
basis of this study.

The euglycemic diet takes into account the metabolic
changes that occur within the pregnant woman as she goes
throughout her day. In the morning a surge of cortisol is 
seen (‘the dawn phenomenon’), which causes the release of
glucose from stored sources and hepatic gluconeogenesis, thus
the blood glucose is higher to begin with. Therefore,
a decreased amount of carbohydrate is needed in the breakfast
meal. A small study (n = 14), was conducted with GDM
women who were greater than 130% of their ideal body
weight at 32–36 weeks’ gestation. The goal was to achieve 
a postprandial of 120 mg/dL at 1h. None of the patients 
were on an insulin regimen and a caloric restriction of
24 kcal/kg/day was established. Patients kept a diary of glucose
levels four times a day and food intake. The carbohydrate
parameters of the diet were as follows: 12.5% of the total daily
carbohydrate at breakfast, 28% at lunch and dinner, with the
remainder in three snacks disturbed throughout the day.
The postprandial glucoses recorded by the women correlated
to the carbohydrate intake.

From this study, the author has adapted this diet to achieve
optimal control of glycemic levels in her patients. Most GDM
women are very compliant and want to do what is necessary
to have a healthy baby. By having patients take an active role in
their medical care, they can significantly reduce their risk for
fetal macrosomia. In a study conducted by de Veciana et al.37

when patients monitored their pre- and postprandial glucose
levels, the risk of fetal macrosomia decreased from 42 to 12%.
Additionally, these patients also had lower hemoglobin 
A1c levels, therefore supporting that they maintained lower
glycemic levels. Hemoglobin A1c is an effective clinical tool
for accessing glycemic control and can be performed every 
2 weeks to chart management because the turnover rate of the
red blood cells during pregnancy is only 90 days as compared
with 120 days in the nonpregnant state. Thus a significant
improvement in glucose control is manifest by a significantly
improved hemoglobin A1c level although the steady state has
not been achieved until after 6 weeks.

Patients monitor their pre- and postprandial glucose levels
and only proceed with a meal when their pre-prandial glucose
levels are 90 mg/dL or less, otherwise insulin is initiated.
A pre-prandial glucose of 90 mg/dL and a postprandial of
120 mg/dL may seem controversial or strict, however given the
risk of macrosomia and the positive outcomes that have been
obtained clinically the authors of this chapter advocate these
glycemic goals for medical nutritional therapy.38

It is imperative that patients learn which foods have high
carbohydrate content, so educational lessons and nutritional
food label reading is essential for the success of any therapy
that is instituted. A list of high carbohydrate foods is recom-
mended to give patients in order to remind them what needs
to be portioned. For example, the ‘big 5’ are potatoes, rice,
pasta, bread/tortillas, and cereal (Figure 26.1). By teaching
patients to adhere to a euglycemic diet, not only are they able
to control their glucose levels effectively, but also they are able
to modify their diet postpartum facilitating weight loss.
A simple teaching tool that is used in Santa Barbara County is
shown in Figure 26.2. The one-page handout identifies the
foods to avoid, foods to eat with caution, and foods that may
be eaten which minimally impact on the postprandial glucose
concentrations and thus can be eaten liberally. Ideally, a break-
fast of less than 33% of the daily carbohydrate intake, lunch 
at 45%, and a dinner at 55% are suggested to maintain a 
postprandial glucose level of 120 mg/dL.39

Role of fats in GDM therapy
Fat content in the American Diabetic Association’s diet 
consists of less than 25% of the total caloric intake, whereas
the euglycemic diet is composed of 40% of the total daily
caloric intake. The role of saturated and mono-unsaturated
fats in GDM women is different with respect to the uptake of
glucose postprandially. In a study comparing these two types
of fats, 1-h postprandial glucose levels are approximately
equal; however, the duration of the elevated glucose levels
differ. In GDM women who consumed mono-unsaturated fat,
the glucose levels remained elevated longer and thus insulin
dosage had to be adjusted to counteract the maintained 
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elevated glycemia. Conversely, meals consumed containing
saturated fat, had a shorter duration of elevated glucose levels,
making them preferential with regard to glycemic control of
postprandial glucose levels. Furthermore, lower postprandial
durations decrease the risk of macrosomia and the need for
increased insulin doses.40 Advocating saturated fats over
mono-unsaturated fats is understandably controversial due to
the correlation that has been made with saturated fats and
heart disease in nonpregnant individuals. Further studies are
needed to answer whether eating a higher proportion of
saturated fat during medical dietary therapy for GDM at
approximately gestation weeks 24–40 is a significant time
period to have adverse long-term effects on the mother versus
the benefit of controlling postprandial glucose level duration,
which decreases the risk of fetal complication.

Role of protein
Protein content in the ADA diet and euglycemic diet makes up
20% of the total daily caloric intake. Increased satiety has also
been correlated with meals that are high in protein con-
tent.41,42 Thus, this aspect could help morbidly obese patients
manage their overall caloric intake especially when moderate
caloric restriction therapy is being used. Low carbohydrate/
high protein diets in normal pregnant women have been
explored notably in the Motherwell studies running from
1938 to 1977. The Motherwell studies suggested a link
between increased protein content and low birthweight.43

Recent studies have expanded the initial Motherwell studies by
looking at the offspring of these studies as adults. It has been
hypothesized that increased protein intake can stimulate

maternal cortisol production and expose the fetus to high
levels of cortisol which may facilitate life long hyper-secretion
of cortisol. Herrick and colleagues found a correlation to
increased plasma cortisol levels consequently causing hyper-
tension in the adult Motherwell offspring.44 However, they
postulated that the type of protein consumed and the type of
carbohydrate paired with it may factor into the physiologic
affects seen. Co-factors needed for protein metabolism such as
folate and vitamin B6, may be excluded when certain types of
carbohydrate are avoided, such as bread and potatoes and
green leafy vegetables, as was done in the Motherwell studies.
‘In mothers with a limited capacity to synthesize nonessential
amino acids, maternal amino acid oxidation could impair fetal
growth as a result of reduced availability of nonessential
amino acids.’43 Therefore, the physiologic effect of low birth-
weight on the fetus would be caused multi-factorially and not
just due to high protein consumption. Additional studies will
be necessary to determine the role of high protein diets in
pregnant women and specifically, in women with GDM.

Conclusion
Gestational diabetes is a period of glucose intolerance that
manifests at the beginning of the third trimester. Metabolic
changes in the normal pregnant women also have a degree of
insulin resistance that shunts glucose preferentially to the
fetus. To maintain blood glucose levels within a tight range,
the normal pregnant woman must increase her insulin secre-
tion up to 4-fold. When the pancreas is not able to compen-
sate for the increased insulin needs of pregnancy, GDM occurs
resulting in hyperglycemia and hyperinsulinemia in both

Figure 26.1 The euglycemic diet.

12:00 PM: Lunch
if Blood Glucose

≤90mg/dL
Eat 30% Daily CA

5:00 PM: Dinner
if Blood Glucose

≤90 mg/dL
Eat 30% Daily CA

8:00 AM: Breakfast
Dawn Phenomenon :

if Blood Glucose
≤90mg/dL

Eat 10% of Daily CA POTATOES RICE PASTA
BREAD

TORTILLAS
CEREAL

10:30 AM: Snack
5% of Daily CA

3:00 PM: Snack
10% of Daily CA

11:00 PM: Snack
10% of Daily CA

Goal: Postprandial 1-Hour Blood Glucose Level ≤120 mg/dL

CA= Carbohydrate Allowance

The Euglycemic Diet

8:00 PM: Snack
5% of Daily CA

20%Protein

<40%Carbohydrate

≥40%Fat

Daily TotalCalories as:

Limit Portions
of the “Big 5”
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mother and fetus. These increased glucose and insulin levels
manifest a multitude of fetal and maternal complications, the
most prevalent being macrosomia. Other complications
include hypoglycemia, erythrocytosis, hypocalcemia and
hypomagnesia, hyperbilirubinema, iron redistribution, respi-
ratory distress, and neurological effects. Poor gestational
metabolic management can be directly linked to the level of
neurological functioning of the child and these children are
more prone to develop metabolic syndromes such as Type 2
diabetes. This would affect generations to come as well. The
management of gestational diabetes mellitus is based upon the
synergistic effects of medical nutritional therapy, exercise, and
an insulin regimen when necessary. Therefore, the identification
and treatment of GDM is crucial.

Screening tests using at-risk formulations and oral glucose
tolerance tests remain a point of controversy. Universal screen-
ing would be optimal to identify those with GDM. The research
clearly shows the benefit of expanding screening and providing
medical nutritional therapy, glucose monitoring, and insulin

therapy to all women who manifest even minor elevations of
glycemia. And thereby decrease perinatal complications, such as
macrosomia. Maternal postpartum depression rates may also
be improved with improved care during pregnancy.

Multiple studies have correlated fetal complications such as
macrosomia to 1-h postprandial glucose levels. By restricting
carbohydrate concentration in the euglycemic diet and 
modifying the caloric intake based on pre-gravid weight,
success has been achieved in reducing large for gestational 
age and macrosomic infants. The euglycemic diet targets a
pre-prandial glucose of 90 mg/dL or less and a 1-h postpran-
dial of 120 mg/dL. Optimal glucose levels have been heavily
debated and there is not currently a universal standard.
However, research has shown that normal pregnant women in
the third trimester have lower pre-prandial and postprandial
glucose concentrations than nonpregnant women. This 
would support advocating lower standards of ≤90 mg/dL 
pre-prandially and 120 mg/dL postprandially for women with
gestational diabetes.

Figure 26.2 The one-page handout used in Santa Barbara county.

Foods To Avoid

• Cake
• Cookies 
• Candy 
• Ice Cream 
• Pie 
• Chips 
• Sugar 

• Oranges 
• Bananas 
•  Melon 
• Peaches 
• Plums 
• Potato

• 4-6 whole-wheat crackers
• 3 cups plain air-popped popcorn 

Vegetables
• Lettuce/spinach
• Carrots
• Celery
• Mushrooms 
• Green Beans 
• Cucumber
• Broccoli
• Asparagus 
• Cabbage
• Nopal 

Fruits
• Lemons
• Limes 
• Tomatoes 
• Apples
• Strawberries

Proteins

• Cold Cereal
• Bread 
• Tortilla
• Rice/Pasta
• Soda
• Pastries
• Dressing

• Grapes
• Squash
• Juice
• Mango 
• Dried Fruit 

• Ketchup 

• Chicken 
• Fish
• Beef
• Pork
• Cheese 
• Eggs
• Plain Yogurt
• All Nuts
• Cottage Cheese 

Fats
• Olive Oil
• Avocado 
• Sour Cream 
• Butter

Note: Not an exhaustive
list 

Nutrition Jump Start...
For Improved Blood Sugar Control 

Foods To Limit   (1-2 servings per meal) 

Foods You Can Enjoy

•    cup cooked peas/ corn •    cup cooked oatmeal 
•    cup cooked beans 
•    cup cooked lentils

Santa Barbara Diabetes Initiative • Sansum DiabetesResearch Institute • 2219 Bath Street, Santa Barbara, CA93105 • (805) 682-7638 • www.sansum.org
In collaboration with Santa Barbara neighborhood Clinics and American Indian Health & Services

Funded in part bythe Hutton Foundation and the Andrew Burnett Foundation
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Hypocaloric diets have been explored and appear safe for
the obese gestational diabetic woman. The American College
of Obstetrics and Gynecology advocate consideration of the
mother’s pre-gravid weight when considering the caloric
needs per kg per day. The presence of maternal ketonemia and
ketouria is controversial with respect to fetal development,
and the mechanisms and outcomes associated with ketonemia
resulting from uncontrolled glucose levels and starvation may
be different with respect to detriment to the fetus.

Fat content also remains controversial although studies
have shown that meals with saturated fat as compared to
mono-unsaturated fat result in the same-hour postprandial
glucose level, but the duration of the level is shorter facilitating
lower insulin dosages. High protein/low carbohydrate diets are

also controversial and in normal pregnant women have been
correlated to lower birthweights and adult offspring increased
cortisol levels. However, satiety is also important and protein
malnutrition should be avoided in pregnancy. More research is
necessary to determine the effect of these macromolecules on
normal pregnant individuals and those with GDM.

Overall, medical nutritional therapy is one of the staples of
GDM management. Women with GDM are very compliant
and most are willing to make dietary changes in their lives for
the benefit of their baby. The successful triad of medical nutri-
tional therapy, exercise, and insulin therapy for GDM is essen-
tial to achieving, not only healthy babies, but also to assure that
generations to will begin life with normal metabolism and thus
and future metabolic aberrancy is reduced in the offspring.
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Introduction
Before the advent of insulin, few diabetic women lived to
childbearing age. Before 1922, fewer than 100 pregnancies in
diabetic women were reported, and most likely these women
had Type 1 and not Type 2 diabetes.1 Even with this assump-
tion, these cases of diabetes and pregnancy were associated
with a >90% infant mortality rate and a 30% maternal mor-
tality rate. As late as 1980, physicians were still counseling 
diabetic women to avoid pregnancy.

This philosophy was justified because of the poor obstetric
history in 30–50% of diabetic women. Improved infant mor-
tality rates finally occurred after 1980, when treatment strate-
gies stressed better control of maternal plasma glucose levels,
and once self-blood glucose monitoring (SBGM) and glycosy-
lated hemoglobin (A1C) became available. As the pathophysi-
ology of pregnancy complicated by diabetes has been
elucidated, and as management programs have achieved and
maintained near normoglycemia throughout pregnancy com-
plicated by Type 1 diabetes, perinatal mortality rates have
decreased to levels seen in the general population. This review
is intended to help the clinician understand the increasing
insulin requirements of pregnancy, and to design treatment
protocols to achieve and maintain normoglycemia throughout
pregnancy.

Glucose toxicity and the role of
postprandial hyperglycemia
If the mother has hyperglycemia, the fetus will be exposed to
either sustained hyperglycemia or intermittent pulses of
hyperglycemia; both situations prematurely stimulate fetal
insulin secretion.

Fetal hyperinsulinemia may cause increased fetal body fat
(macrosomia) and, therefore, a difficult delivery, or cause inhibi-
tion of pulmonary maturation of surfactant and, therefore, res-
piratory distress of the neonate. The fetus may also have
decreased serum potassium levels caused by the elevated insulin
and glucose levels, and may therefore have cardiac arrhythmias.
Neonatal hypoglycemia may cause permanent neurological
damage. There is also an increased prevalence of congenital
anomalies and spontaneous abortions in diabetic women who
are in poor glycemic control during the period of fetal organo-
genesis, which is nearly complete by 7 weeks postconception.

Thus, a woman may not even know she is pregnant at this
time. It is for this reason that pre-pregnancy counseling and
planning is essential in women of childbearing age who have
diabetes. Because organogenesis is complete so early on, if a
woman presents to her health care team and announces that
she has missed her period by only a few days, if the blood 
glucose levels are immediately normalized then there is still is
a chance to prevent cardiac anomalies, although the neural
tube defects are already ‘set in stone’ by the time the first
period is missed. These findings emphasize the importance of
glycemic control at the earliest stages of conception.2–4 Ideally,
if a diabetic woman plans her pregnancy, then there is time to
create algorithms of care that are individualized and a woman
can be given choices. When a diabetic woman presents in her
first few weeks of pregnancy, there is no time for individual-
ization, but rather rigid protocols must be urgently instituted
to provide optimal control within 24–48 h.

After the period of organogenesis, maternal hyperglycemia
interferes with normal fetal growth and development during
the second and third trimesters.5 The maternal postprandial
glucose level has been shown to be the most important vari-
able to impact on the subsequent risk of neonatal macrosomia.6–8

The fetus thus is ‘overnourished’ by the peak postprandial glu-
cose level.9 This peak response occurs in >90% of woman at 
1 h after beginning a meal. Therefore, 1 h after beginning a
meal the glucose level needs to be measured and treatment
designed to maintain this blood glucose in the normal range.
Studies have shown than when the postprandial glucose levels
are maintained from the second trimester onward to <120
mg/dL 1 h after beginning a meal, then the risk of macrosomia
is minimized.8

Diabetogenic forces of normal
pregnancy increase insulin
requirements10

The fetal demise associated with pregnancy complicated by
Type 1 diabetes seems to arise from glucose extremes. Elevated
maternal plasma glucose levels should always be avoided,
because of the association of maternal hyperglycemia with sub-
sequent congenital malformation and spontaneous abortions.2,5

To achieve normoglycemia, a clear understanding of ‘normal’
carbohydrate metabolism in pregnancy is paramount.
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Thus, the amount of insulin required to treat Type 1 diabetic
women throughout pregnancy needs to be sufficient to com-
pensate for (1) increasing caloric needs; (2) increasing adiposity;
(3) decreasing exercise; and (4) increasing anti-insulin or dia-
betogenic hormones of pregnancy. The major diabetogenic
hormones of the placenta are human chorionic somatomam-
motropin (hCS), previously referred to as human placental
lactogen (hPL), estrogen and progesterone. Also, serum
maternal cortisol levels (both bound and free) are increased.
In addition, at the elevated levels seen during gestation, pro-
lactin has a diabetogenic effect.10 The strongest insulin antag-
onist of pregnancy is hCS. This placental hormone appears in
increasing concentrations beginning at 10 weeks of gestation.
By 20 weeks of gestation, plasma hCS levels are increased 
300-fold, and by term the turnover rate is 1000 mg/dL. The
mechanism of action whereby hCS raises plasma glucose
levels is unclear, but probably originates from its growth 
hormone-like properties. hCS also promotes free fatty acid
(FFA) production by stimulating lipolysis, which promotes
peripheral resistance to insulin.

Placental progesterone rises 10-fold above nonpregnant
levels and is associated with an insulin increase in normal
healthy pregnant women by 2- to 4-fold.

Most of the marked rise of serum cortisol during preg-
nancy can be attributed to the increase of cortisol-binding
globulin induced by estrogen. However, free cortisol levels are
also increased. This increase potentiates the diurnal fluctua-
tions of cortisol with the highest levels occurring in the early
morning hours.

The rising estrogen levels also trigger the rise in pituitary
prolactin early in pregnancy. Prolactin’s structure is similar to
a growth hormone and at concentrations reached by the
second trimester (>200 ng/mL) prolactin can affect glucose
metabolism. Although there are no studies that have examined
prolactin alone as an insulin antagonist, there is indirect evi-
dence that suppressing prolactin in gestational diabetic women
with large doses of pyridoxine improves glucose tolerance.

In addition to the increasing anti-insulin hormones of
pregnancy, there is also increased degradation of insulin in
pregnancy caused by placental enzymes comparable to liver
insulinases.

The placenta also has membrane-associated insulin-
degrading activity. Concomitant with the hormonally induced
insulin resistance and increased insulin degradation, the rate
of disposal of insulin slows. The normal pancreas can adapt to
these factors by increasing the insulin secretory capacity. If the
pancreas fails to respond adequately to these alterations, then
gestational diabetes mellitus (GDM) results. In a woman with
Type 1 diabetes, her insulin requirement will rise progres-
sively. Failure to increase her insulin doses appropriately will
result in increasing hyperglycemia.10

Rationale for the use of human
insulin during pregnancy
Although controversial, the rate of complications in pregnancies
of diabetic women has been tied to the metabolic control of

maternal glucose.1–5 Perhaps the debate remains because some
reports claim that neonatal complications occur in spite of
excellent metabolic control, although there fail to measure
postprandial glucose levels.11,12 Postprandial glucose control
has been suggested as key to neonatal outcome for the 
pregnant woman with either Type 1 diabetes or GDM.6–8

Alternatively, some have suggested that neonatal morbidity
is secondary to the variability of maternal serum glucose and
the presence of antibodies to insulin.13 Placental transfer of
insulin complexed with immunoglobulin (IgG) has also been
associated with fetal macrosomia in mothers with near-
normal glycemic control during gestation. Menon et al.13

reported that antibody-bound insulin transferred to the fetus
was proportional to the concentration of antibody-bound
insulin measured in the mother.

Also, the amount of antibody-bound insulin transferred to
the fetus correlated directly with macrosomia in the infant and
was independent of maternal blood glucose levels. In contrast,
Jovanovic et al.14 discovered only improved glucose control, as
evidenced by lower postprandial glucose excursions, but not
lower insulin antibody levels, correlated with lower fetal
weights. They showed that insulin antibodies to exogenous
insulin do not influence infant birthweight.

It has been reported that both insulin lispro and insulin
aspart, (analogs of human insulin with a peak insulin action
achieved within 1 h after injection) significantly improve the
postprandial glucose levels in nonpregnant diabetic patients.15–21

Because normoglycemia is important in the treatment of
pregnant diabetic women, the use of insulin analogs would
appear beneficial in the care of these women if the safety pro-
file can be documented. This review presents the reports that
studied the safety and efficacy of insulin analogs in pregnancy,
and offers an opinion as to the utility of insulin analogs for
treatment of the diabetes during pregnancy.

Concern about anti-insulin antibody
formation during pregnancy
Anti-insulin antibodies that cross the placenta may contribute
to hyperinsulinemia in utero and thus potentiate the meta-
bolic aberrations in the fetus. Although insulin does not cross
the placenta, antibodies to insulin do cross it and may bind
fetal insulin; this necessitates the increased production of free
insulin to re-establish normoglycemia. Thus, the anti-insulin
antibodies may potentiate the effect of maternal hyperglycemia
to produce fetal hyperinsulinemia.

Human and highly purified insulins are significantly less
immunogenic than mixed beef–pork insulins.16 Human
insulin treatment has been reported to achieve improved
pregnancy and infant outcome compared to using highly
purified animal insulins.14 Insulin lispro (which has the amino
acid sequence in the beta chain reversed at positions B28 and
B29) has been reported to be more efficacious than human
regular insulin to normalize the blood glucose levels in GDM
women. This insulin rapidly lowered the postprandial glucose
levels, thereby decreasing the A1C levels, with fewer hypo-
glycemic episodes and without increasing the anti-insulin
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antibody levels.17 In addition, the safety and efficacy of insulin
lispro in the treatment of Type 1 diabetic women throughout
pregnancy has recently been reported.22 Also, insulin aspart
has recently been reported to be safe and efficacious in Type 1
diabetic women.23 However, there are only case reports and a
small series of the use of the long-acting insulin analogues24–27

during pregnancy. They appear to be associated with increased
macrosomia, however.27 The following discussion helps the
clinician decide if the newer insulin’s benefit outweighs 
any risks.

Use of rapid-acting insulin analogs in
pregnancies complicated by diabetes
Postprandial glucose control in the patient with GDM is
important to neonatal outcome.6–8 The Diabetes in Early
Pregnancy (DIEP) Study identified 28.5% of infants from dia-
betic mothers who were >90th percentile in infant birth-
weights.8 The birthweight in this 28.5% correlated positively
with fasting blood glucose and A1C. When adjusted for fasting
blood glucose and A1C, the nonfasting blood glucose concen-
tration in the third trimester was an even stronger predictor of
infant birthweight and fetal macrosomia. Combs et al.7

confirmed these findings, as they associated macrosomia with
higher postprandial glucose concentrations obtained between
weeks 29 and 32 of gestation. In addition, they described a
higher risk of small-for-gestational-age (SGA) infants in those
with lower (<130 mg/dL (7.2 mmol/l)) 1 h postprandial 
glucose levels. De Veciana et al.6 described improved fetal 
outcome and less risk of neonatal hypoglycemia, macrosomia
and Cesarean delivery in patients who managed GDM by con-
trolling 1 h postprandial glucose concentrations than in those
who managed by only the preprandial glucose concentrations.
Therefore, rapid-acting insulin analogs that possess unique
properties may make it a valuable therapeutic option in the
treatment of GDM and the prevention of neonatal complica-
tions. First, the rapid absorption of insulin lispro from the
subcutaneous site allows for a faster insulin peak concentra-
tion versus regular human insulin.17,18 This effect more closely
mimics the physiologic first-phase insulin release and results
in lower postprandial glucose concentrations, and may lead to
improved postprandial coverage.15 In addition, insulin lispro
is known to up-regulate insulin receptors.19,20 In the present
authors’ study,17 the postprandial glucose response to the test
meal was more frequently within the normal glucose range
after a standardized dose of insulin lispro as compared with
regular human insulin. Second, the elimination of insulin
from the venous space is the same as with regular human
insulin, but the faster absorption of insulin lispro allows both
the glucose-lowering effect and the patient’s exposure to
insulin to be less, which may result in a diminished antibody
response. Certainly, in clinical trials there has not been any
increase in antibody response associated with insulin lispro
use.15,18,19,22 Since placental transfer of insulin occurs when it
is complexed with immunoglobulin, the lack of insulin lispro-
induced antibody formation could be expected to result in
little, if any, placental transfer of insulin lispro to the neonate,

as was demonstrated in the present authors’ study. Thus, the
overall decrease in circulating insulin as lispro, plus the lower
immunogenic response of lispro, leads to less maternal anti-
body formation and, therefore, less insulin transfer to the fetus
with a reduction in risk for physical malformations.17,21

Menon et al.13 attempted to link maternal antibody forma-
tion to negative fetal outcomes. Careful review of the paper
reveals, instead, better overall control of maternal hyper-
glycemia with attendant reductions in fetal macrosomia. This
may have ultimately diminished the risk of neonatal compli-
cations, including macrosomia. Previous investigations have
demonstrated that birthweight could be normalized with reg-
ular human insulin.22–24 This aggressive therapeutic interven-
tion may explain the apparent lack of macrosomia in both
patient groups. No differences in fetal parameters, as would be
expected in the clinical setting where euglycemia is a goal of
therapy, reduce risk to the fetus.

Although the present authors were interested in the meta-
bolic effects of insulin lispro in GDM women, the primary
concern was safety, specifically the risk of hypoglycemia,
hyperglycemia, and antibody production that might cause the
insulin to cross the placenta to the fetal side. In the study, 42
GDM women were randomized to receive regular human
insulin or insulin lispro prior to consuming a test meal.17

Throughout the remainder of gestation, subjects received pre-
meal insulin lispro or regular human insulin (with and with-
out basal insulin), and performed blood glucose monitoring
before and after each meal. During the test meal, the areas
under the glucose curve (AUGC), and those for insulin and 
C-peptide levels, were significantly lower in the insulin 
lispro group. The incidence of postprandial hyperglycemia
(>120 mg/dL) was significantly lower in the lispro group.
Overall metabolic control also improved significantly in the
insulin lispro group, which showed the greatest absolute
decrease in A1C levels as compared to the regular human
group. The reduction from baseline A1C concentrations at 
6 weeks was statistically significant for the insulin lispro group
but not for the regular human insulin group.17 To determine
the immunologic effects of insulin lispro compared with reg-
ular human insulin, three different types of antibodies were
studied: (1) lispro-specific antibodies; (2) regularspecific anti-
bodies; and (3) cross-reactive antibodies. Levels of all three
antibodies were evaluated at the time of enrollment, 6 weeks
after enrollment, at delivery (both in the maternal serum and
the umbilical cord blood) and at the postpartum follow-up
visit in maternal serum. No statistically significant differences
were seen between the insulin lispro and regular human
insulin groups.

Now there are several reports of the safety and efficacy of
both insulin lispro and insulin aspart in pregnancy to 
confirm the results of the original report.17–25 Insulin aspart
has also been suited in a similar fashion as insulin lispro.
Wyatt et al.22 have reported that insulin aspart is not immuno-
genic, improved the area under the curve for the postprandial
glucose excursion and facilitates term delivery of a healthy
infant. In addition, the patient satisfaction was improved
using insulin aspart compared to regular human insulin.
Conclusions from these studies are that those women with
GDM who are not optimally managed with diet and exercise
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need insulin therapy. Insulin lispro and insulin aspart cause
fewer hypoglycemic events than human regular insulin and it
attenuates a greater postprandial response than regular
human insulin. Furthermore, the antibody levels are not
increased over those seen with regular human insulin, and
therefore insulin lispro and insulin aspart may be considered
a treatment option in patients with GDM.

Theoretical risks of the use of 
insulin analogs during pregnancy
complicated by pre-gestational
diabetes
Diamond and Kormas28 first questioned the safety of using
insulin lispro during pregnancy in 1997. They reported on two
patients who used insulin lispro during pregnancies and deliv-
eries. One of these pregnancies was terminated at 20 weeks
gestation and the second pregnancy resulted in a seemingly
healthy infant after an elective Cesarean delivery, but who sub-
sequently died unexpectedly 3 weeks later. Both infants were
discovered to have congenital abnormalities, which led the
authors to question whether insulin lispro might have terato-
genic effects on the fetus, in which case it should not be used
during pregnancy. The report cites concerns about insulin
lispro use during pregnancy, yet it does not provide conclusive
evidence that insulin lispro was responsible for the malforma-
tions of the infants mentioned. In fact, there is sufficient
reason to doubt that insulin lispro was to blame, since these
isolated case reports were not part of a study and there was no
control group. Therefore, the findings should stimulate initia-
tion of clinical trials testing the safety of insulin lispro during
pregnancy and not be taken as evidence that it is unsafe.
Despite the opinion of Diamond and Kormas28 that poor
glycemic control was not responsible for the abnormalities of
the infants in the cases described above, there is insufficient
evidence to support this claim. The letter reports that A1C
levels were determined every 3 months and that both women
had values <7% at each test. However, an A1C of 7% may be
associated with an increased risk of fetal malformations.
Since organogenesis is complete within the first 7 weeks of
pregnancy,29 and women tend to improve their glycemic control
as the pregnancy progresses, an A1C measured at 3 months of
pregnancy is a poor reflection of the mother’s blood glucose
levels at conception and during the critical first organogenic
weeks of pregnancy.

The report also indicated that both women maintained a
mean blood glucose level of <108 mg/dL. A pregnant woman’s
target blood glucose should be <90 mg/dL fasting and 
<120 mg/dL postprandially.29 If the women measured their
fasting blood glucose only, the reported mean is obviously 
too high. If postprandial measurements were also taken into
account, the mean is still too high, although less so. These
women would be categorized as being at high risk for bearing
infants with malformations. Throughout pregnancy, the
second mother was being treated for hypertension and if
the malformations were due to a medication it is perhaps

unfair to single out insulin lispro. In spite of the medication
used, the malformations reported are more indicative of poor
glycemic control: situs inversus, one of the abnormalities in
the first infant, occurs almost exclusively in children of dia-
betic mothers.30,31 During the initial clinical trials testing insulin
lispro, pregnant women were excluded.

However, some participants became pregnant unexpectedly
during the trials and 19 infants were born by these mothers
who were using insulin lispro. Of these births, one child had a
right dysplastic kidney but the other 18 were healthy.32

Now there is a report that shows that insulin lispro is not
teratogenic. Wyatt et al.22 report has shown that insulin lispro
is not associated with increased malformations. This report
clearly showed that the 27 malformations that occurred in this
data set of 500 exposed pregnancies only occurred in women
whose A1C levels were greater than 2 standard deviations
above the mean of normal. There were no malformations in
the sample of women whose A1C levels were within 2 stan-
dard deviations of normal. Thus the null hypothesis has been
proven: insulin lispro does not by itself cause malformations.
Malformations are only associated with hyperglycemia in the
first trimester. Mathiesen et al.23 have now reported that
insulin aspart is safe and efficacious in pregnancy with no
increase in malformation rate.

Possible effects of rapid-acting 
insulin analogs on the mother
There are three situations in life in which rapid normalization
of blood glucose levels increase the risk for deterioration of
diabetic retinopathy: puberty, pregnancy, and rapid normal-
ization of blood glucose levels. If two of these events occur in
the same patient, the risk for retinopathy progression is 
potentiated.33,34 All three situations are associated with
increased serum concentrations of growth-promoting fac-
tors.33 It is hypothesized that when the blood glucose level is
rapidly decreased, there is increased retinal extravasation of
serum proteins. If there is a concomitant increase in the con-
centration of serum growth-promoting factors, a predisposed
retina may deteriorate. Pregnancy per se is the most frequently
reported situation in which rapid normalization of blood glu-
cose is associated with deterioration of retinal status. Normal
pregnancy is associated with high concentrations of many
growth-promoting factors.35–40 Hill et al.37 reported that a
potent mitogen and angiogenic factor normally absent from
the adult circulation become detectable by 14 weeks of gesta-
tion and is maximal at 22–32 weeks of gestational. A placental
growth hormone variant had been found to increase throughout
pregnancy, along with hCS and prolactin.38

Production of maternal insulin-like growth factor (IGF)-I
has also been shown to increase significantly above nonpreg-
nant levels.34 It is well known that diabetes mellitus is associ-
ated with perturbations of growth hormone IFG-I in cases of
poor metabolic control.37 Kitzmiller et al.41 have suggested
that treatment with insulin lispro during pregnancies compli-
cated by diabetes may be associated with acceleration of
diabetic retinopathy. If treatment with lispro insulin did play
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a role in the rapid deterioration of retinopathy in the case
reports, it most likely was not mediated by IFG-I activity of
lispro. Human insulin binds to the IFG-I receptor with an
affinity of 0.1–0.2% that of IFG-I. A comparison of insulin
lispro and human insulin was made to determine the relative
IFG-I receptor binding affinity in human placenta mem-
branes, skeletal muscle, smooth muscle cells, and mammary
epithelial cells. Insulin lispro had a slightly higher affinity for
the human placenta membranes when compared with human
insulin (1.3 times greater than human insulin). No other dif-
ferences were observed in any other cell lines. Despite the sug-
gested increased affinity, it should be noted that the absolute
affinity for the IFG-I receptor is extremely low for both insulin
lispro and human insulin. Concentrations >1000 times above
the normal physiologic range are needed to reach 50% recep-
tor binding. IFG-I is a much larger protein chain than insulin
and there is a 49% homology between human insulin and
IFG-I. The reversal of the B28 and B29 amino aids in insulin
lispro increases this homology to 51%, because of the analo-
gous position in the IGF molecule. It has been shown that
insulin lispro has the same affinity for the IFG-I receptor as
does human insulin; also, the dissociation kinetics of insulin
lispro on the insulin receptor are identical to those of insulin,
indicating that insulin lispro should have no excess mitogenic
effect via either the IFG-I or the insulin receptor.42,43 Patients
in the Kitzmiller reports41 all had elevated levels of IFG-I due
to poor control of their diabetes and due to pregnancy per se,
independent of the possible IFG-I activity of lispro. However,
anecdotal cases should never be used to infer a cause–effect
relationship. In controlled clinical trials of >2000 patients with
insulin lispro, no significant differences in retinopathy were
observed, but there were no pregnant women in this trial.15

The factors that emerge as the independent risk factors for
retinopathy progression include: elevated A1C at baseline, dura-
tion of diabetes, significant proteinuria (>300 mg/24 h), preg-
nancy and rapid normalization of blood glucose (in <14 weeks).
In fact, the strongest risk factor for retinopathy progression,
independent of baseline retinal status, is baseline elevation of
A1C associated with a rapid decline to normal. Of 14 patients
who were treated with insulin lispro during pregnancy,
described by Kitzmiller et al.,41 11 had risk factors, including
evidence of baseline retinopathy, which have been associated
with progression to proliferative retinopathy during preg-
nancy. Therefore we can learn the fact that if there is no
retinopathy during the first trimester of a pregnancy compli-
cated by diabetes, progression to proliferative retinopathy
needing laser therapy is rare, however, many of the cited refer-
ences above emphasize that baseline elevation of glucose asso-
ciated with rapid normalization can accelerate retinopathy.
Phelps et al.44 clearly showed that deterioration of retinopathy
correlated significantly with the levels of plasma glucose at
entry and with the magnitude of improvement in glycemia
during the first 6–14 weeks after entry. Although the 13 patients
with no retinopathy at baseline did not progress to prolifera-
tive retinopathy, one did develop moderate hemorrhages, exu-
dates and intraretinal microaneurysms (IRMA). Of their 
20 patients with initial background retinopathy, two pro-
gressed to proliferative retinopathy. Laatikainen et al.45 con-
firmed that the decrease in A1C levels was most rapid in the

two patients with the worst progression. They concluded that
a rapid near normalization of glycemic control during preg-
nancy could accelerate the progression of retinopathy in
poorly controlled diabetic patients. The DIEP Study34
reported that the 10.3% of diabetic women who progressed,
despite no retinopathy at baseline, had an initial A1C elevation
of 4 standard deviations (SD) above the mean of a normal
population (risk progression 40%, odds ratio (OR) 2.4).
Independent of retinal status, the DIEP study also reported
that duration of diabetes increased the risk of progression
such that after 6 years duration of diabetes the OR was 3.0, by
11–15 years it was 9.7 and >16 years it was 15.0, but hyper-
glycemia was a stronger risk factor. Additional evidence has
been reported by the Diabetes Control and Complications
Trial (DCCT).46 In the conventional care group who became
pregnant (n = 135), and thus had immediate intensification of
glucose control, 47% worsened their retinal status and the OR
for progression by the second trimester was 2.6 compared to
diabetic women in the conventional group who did not
become pregnant. In order to compare the A1C levels reported
by the DCCT trial43 to other published reports, the approxi-
mate equivalent baseline A1C levels, using the DCCT normal
range, is 7.1, 9.8, and 9.5%, respectively. In addition, the rate
of fall of the A1C level in the three case reports was faster 
than the reported rate of fall associated with deterioration of
retinal status.

There is one case report in the literature which clearly
shows that the combination of pregnancy and rapid normal-
ization of severe hyperglycemia is sufficient to ‘explode’ a pre-
viously normal retina. Hagay et al.47 reported a case of a
woman with no previously documented hyperglycemia who
presented at 8 weeks of gestation with an HbA1C level of 16%
and her ophthalmic examination was reported to be ‘com-
pletely normal’. She was treated with intensive insulin therapy
and at 12 weeks her A1C level was 5.9%. By the second
trimester she had severe bilateral proliferative diabetic
retinopathy needing photocoagulation. In a report by Omori
et al.48 studying Japanese pregnant diabetic women, the preva-
lence of retinopathy was 34.4% in their Type 2 diabetic popu-
lation. In addition, the prevalence of proliferative retinopathy
was as high in the Type 2 women as in the Type 1 pregnant
women, despite the shorter duration of documented diabetes
in their Type 2 patients. Need for photocoagulation occurred
in 50% of their Type 2 pregnant diabetic women patients 
with greater than background retinopathy at the beginning of
pregnancy.

If insulin lispro did play a role in the progression of
retinopathy, it is more likely that the insulin lispro facilitated
the rapid normalization of the blood glucose levels. In preg-
nant diabetic patients, it has been shown that insulin lispro
improves glucose control and thus significantly lowers the
A1C level compared to patients who are administered human
regular insulin.17,22

There is danger in normalizing blood glucose quickly,
regardless of the type of insulin used, in pregnant women with
a long duration of diabetes and elevated A1C levels in the first
trimester, in those with proteinuria and perhaps those with
Type 1 diabetes. To date there have not been extensive clinical
trials on the retinal status of women treated with insulin
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aspart (or any other insulin analog) in pregnancy. Thus we
await clinical trials of the use of all of the insulin analogs in
pregnancy to make a decision about the role of analogs in the
progression of retinopathy during pregnancy. Busy clinics may
have a decreased ability to examine retinae thoroughly. Mild
background retinopathy may be missed, even in the best of
settings. Any retinopathy increases the risk, especially if the
blood glucose level is elevated. Rather than recommending
angiography to all women before each pregnancy is planned,
in the case of no retinopathy seen on retinal examination, it is
prudent to improve the glucose control slowly. These case
reports reinforce the need to intensify pre-conceptional care
programs to allow the luxury of slowly normalizing the blood
glucose and to plan the pregnancy only after the blood glucose
levels have been stabilized in the normal range for at least 
6 months.46–48 If a patient presents pregnant, with high A1C
levels, regardless of the retinal status, as suggested by these
cases, then a retinal specialist needs to be on the team, be vig-
ilant and treat any developing angiopathy while the blood 
glucose is normalized.

If an insulin analog was available that was not immuno-
genic and had the rapid action of insulin lispro but had less
IFG-I activity than human insulin, then even if there was no
proof that the IFG-I activity of the insulin plays a role in the
acceleration of diabetic retinopathy when the blood glucose
level is normalized quickly, such an insulin would become the
treatment of choice. Insulin aspart, an insulin analog that has
been shown to produce a peak blood level at 40 min and
lowers postprandial glucose levels significantly better than
human insulin, has only 69% the IFG-I activity of human
insulin.

Long-acting insulin analogs have only recently been used in
clinical practice.49 The first clinically available long-acting
insulin analog is insulin glargine. Insulin glargine has a glycine
substitution in the alpha chain at the 21 position and two
glargines attached to the beta chain terminal at position 30. It
is soluble insulin and has been shown to provide peakless, sus-
tained and predictable 24 h action. Of note, insulin glargine
has a 6-fold increase in IFG-I activity as compared to human
insulin. There are no clinical trials using insulin glargine in
pregnancy, nor are there reports of the retinal status in any of
the 32 women in the previously published case reports of the
use of glargine in pregnancy.24–27 However, a recent paper27

describing 118 women treated with glargine during pregnancy
showed that the macrosomia rate was increased 4-fold over
that reported using human insulins. Of note, insulin glargine
has a 6-fold increase in IFG-I activity as compared to human
insulin. Another insulin analog that is currently in clinical
trials is insulin detemir. Here again there are no trials using
this insulin in pregnancy, but the studies show that detemir
has the same IFG-I activity as human insulin.27

The clinician has to keep in mind that the most important
concern is to safely normalize the maternal blood glucose.
Before 1985, impure animal insulin was used, with a result
that the IgG antibody levels rose the longer the women were
treated. After 20 years of diabetes, women had antibody levels
>10,000. Purified human insulin has been available for 
>20 years, so there is a new generation of Type 1 diabetic
women who have never been treated with animal insulins, and

thus have negligible antibodies. Before giving these women
insulin analogs it must be proved that: (1) they do not cause an
immunologic response; (2) they do not cross the placenta;
(3) they do not increase the risk of congenital anomalies or spon-
taneous abortions; and (4) they do not significantly increase the
serum IFG-I levels or accelerate diabetic retinopathy.

Definition of normoglycemia 
based on infant outcome
Previously, glucose control and targets for treatment were
based on clinical judgment and concern for hypoglycemia. In
fact, most clinicians preferred to maintain hyperglycemia
rather than increase the risk of a hypoglycemic reaction. As
tools and techniques improved to achieve near-normal glu-
cose levels during pregnancy, the emphasis has changed to
strive for the degree of maternal metabolic control that is
associated with normal body size and proportions in full-term
infants.

Mello et al.50 published a study in which they investigated the
anthropomorphic characteristics of 98 full-term singleton
infants born to 98 women with Type 1 diabetes. They reported
that those women who had a mean daily blood glucose level 
<95 mg/dL had normal infants, whereas the women with mean
blood glucose levels >95 mg/dL delivered infants with an
increased prevalence of being large for gestational age, with a
significantly greater ponderal index and thoracic circumference
with respect to the control group. Others have confirmed that
overall mean glucose levels of <95 mg/dL can avoid alterations
in fetal growth.5

Jovanovic et al.51 studied 52 Type 1 diabetic women and
found that when the mean blood glucose was maintained
between 80 and 84 mg/dL, the outcome of pregnancy was
normal. Langer et al.52 assessed the relationship between opti-
mal levels of glycemic control and perinatal outcome in a
prospective study of 334 GDM women and found that when the
mean glucose levels were <86 mg/dL, this group had a signifi-
cantly higher prevalence of small-for-gestational age infants. In
contrast, when the mean glucose levels were >105 mg/dL, there
was a 20% prevalence of large-for-gestational-age infants.

Hellmuth et al.53 found that the frequency of hypo-
glycemia, especially nocturnal hypoglycemia, was seen with a
prevalence of 37% in the first trimester of pregnancies treated
with intensified insulin therapy. Sacks et al.53 studied 48 Type 1
and 113 Type 2 diabetic women during pregnancy. They
found that the mean glucose levels were higher in the Type 1
patients and at least one daily glucose level was <50 mg/dL
during 19% of observational days compared to only 2% of
days in the Type 2 group.

Rosenn et al.54 and Rosenn and Miodovnik55 published
papers on the topic of the increased risk of hypoglycemia
during pregnancies complicated by diabetes. They found that at
least 40% of mothers reported hypoglycemia during pregnancy.
Clinically significant hypoglycemia requiring assistance from
another person occurred in 71% of the 84 women studied,
with a peak incidence occurring between 10 and 15 weeks of
gestation. They did not observe any increase in embryopathy.
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Jovanovic et al.56 then published the first trimester insulin
requirements of women studied in the DIEP Study. They
showed that there was a drop in insulin requirements during
weeks 8–11 of gestation, which was seen in all Type 1 diabetic
women whose glucose concentrations were insensitively man-
aged. The majority of decreases in the insulin requirement
were seen in the overnight period. It was concluded that the
insulin doses needed to be decreased for the overnight insulin
requirement to prevent nocturnal hypoglycemia during the
late first trimester.

Insulin requirements
Type 1 diabetic women must increase their insulin dosage to
compensate for the diabetogenic forces of normal pregnancy.
However, the exact pattern of insulin dosage increase is still
controversial. Many observers have detected a decline in
insulin requirement late in the first trimester of diabetic preg-
nancies. Jorgen Pedersen, the father of the study of diabetes in
pregnancy, was among the first to observe that first trimester
hypoglycemia was a symptom of pregnancy and that it was
common knowledge among the physicians of the day.
Pedersen wrote,

Those physicians who manage diabetic women should be
particularly alert for hypoglycemia in women who have
recently become pregnant. About the 10th week of gesta-
tion there is an improvement in glucose tolerance mani-
festing itself as insulin coma, milder insulin reaction or an
improvement in the degree of compensation. When a
reduction in insulin dosage is called for it amounts to an
average of 34%.

Indeed, he even claimed, Once in a while pregnancy may be
diagnosed on account of inexplicable hypoglycemic attacks.’
In a total of 26 cases of insulin coma collected, all of the cases
in his series occurred in months 1–4 of gestation, with the
majority occurring at months 2–3. He also noted that by late
gestation, regardless of the metabolic control and duration of
diabetes, average daily insulin requirements increased 2-fold
from earlier in pregnancy.

Early first trimester over-insulinization might explain a
later first trimester drop in insulin requirement. One example
of this effect may be the significantly greater weight gain seen
in the first trimester by diabetic women compared to healthy
nondiabetic women. Perhaps the drive to increase caloric
intake to prevent hypoglycemia in the first trimester may have
been the cause of the first trimester excessive weight gain in
the diabetic women compared to the controls. On the other
hand, others have not seen the first trimester decrease in
insulin requirement.

There are also reports of rising insulin requirement in the
first trimester. The present authors have described the insulin
requirements during pregnancy of a population of well-
controlled Type 1 diabetic women which possibly lends cre-
dence to the notion that first trimester over-insulinization may
be the cause of the hypoglycemia seen by some workers in the
first trimester. In addition, together with the DIEP Study

Group, the present authors have analyzed the insulin require-
ment and sub-stratified based on degree of glucose control 
in the first trimester.56 The weekly insulin requirement 
(as units/kg/day) were examined in the first trimester of dia-
betic women in the DIEP Study with accurate gestational
dating, regular glucose monitoring, daily insulin dose record-
ing and monthly A1C measurements. In pregnancies that
resulted in live-born, term, singleton infants, a significant
increase in mean weekly dosage was observed in weeks 3–7 
(P < 0.001), followed by a significant decline in weeks 8–15 
(P < 0.001). The Friedman nonparametric test localized signifi-
cant changes to the interval between weeks 7–8 and weeks
11–12. To determine if prior poor glucose control exaggerated
these trends, the women were divided based on their A1C values:
<2 SD above the mean of a normal population (group 1),
2–4 SD (group 2), and >4 SD (group 3) at baseline. Late first
trimester declines in dosage were statistically significant in 
group 2 (P = 0.002) and in groups 2 and 3 together (P = 0.003).
Similarly, women with body mass index (BMI) >27.0 had a
greater initial insulin rise and then fall compared to leaner
women. Observations in the DIEP Study cohort disclosed a 
mid-first trimester decline in insulin requirement in insulin-
dependent, diabetic pregnant women. Possible explanations
include over-insulinization of previously poorly controlled dia-
betes and a transient decline in progesterone during the late first
trimester luteo-placental shift in progesterone production.

Clinicians should anticipate a reduction in insulin require-
ment in the 4-week interval between weeks 8 and 12 of gesta-
tion. Based on these studies of well-controlled diabetic
women, an algorithm for care and an insulin requirement pro-
tocol has been created, based on gestational week and the
woman’s current pregnant body weight. The total daily dose of
insulin in the first trimester (weeks 5–12) insulin requirement
is 0.7 unit/kg/day; in the second trimester (weeks 12–26) the
insulin requirement is 0.8 unit/kg/day; in the third trimester
(weeks 26–36) the insulin requirement is 0.9 unit/kg/day; and
at term (weeks 36–40) the insulin requirement is 1.0 unit/kg/day
(Table 27.1). The insulin needs to be divided throughout the
day to provide the basal need (the dose of insulin that keeps a
woman normal in the fasting state) and meal-related need.
When multiple insulin injections are used to provide the basal
need, NPH insulin is preferred because it has a more pre-
dictable absorption pattern than lente or Ultralente insulin.
Also, the recently developed long-acting insulin analogs
(insulin glargine or insulin determir) have not yet been proven
to be safe or efficacious in pregnancy. Preferred use of NPH is
to give one sixth of the total daily dose of insulin (I) as morn-
ing, dinner and bedtime injections (i.e. NPH dose equals 50%
of daily dose divided into three equal injections of NPH given
every 8 h, or at 8 am, 4 pm, and 12 midnight; Table 27.1).

The other half of the total daily insulin dose should be a
rapid-acting insulin (insulin lispro or insulin aspart) given before
each meal to control postprandial glycemia (Table 27.1). This
dose of rapid-acting insulin can be given using the insulin infu-
sion pump or by multiple doses of subcutaneously injected
insulin (Tables 27.1, 27.2, and 27.3). The meal-related insulin
dose (one half of the total daily insulin requirement (0.5I))
(Table 27.1). The exact division of this meal-related insulin dose
depends on the size of the woman’s lunch versus her dinner.
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Compensatory doses to adjust for high or low glucose levels
are calculated as 3% of the total daily insulin requirement.
Clinicians should note that hyperglycemia would occur if the
patient used only insulin lispro or insulin aspart for the meal-
related needs, and if the woman goes a long time between
meals. The dose of NPH insulin may not be sufficient to prevent
an escape of the blood glucose before the next dose of insulin is
given. To prevent this escape of blood glucose when >3 h elapses
between injections of the rapid-acting insulin analogs of lispro

or aspart, the patient should add 3% of her total daily insulin
requirement as regular human insulin to the lispro injection to
extend the effectiveness of the rapid-acting component.

Insulin infusion pumps
Insulin infusion pumps have been used for treatment for over
two decades.57 However, the data on the safety and efficacy of
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Table 27.1 Insulin dosage regimen for diabetic pregnancy

1. Pregnancy NPH plus rapid-acting insulin schedule Patient weight in kg = Date & Time:
“Big I” = total daily units of insulin
Circle One: Gestational weeks = 0–12 13–28 29–34 35–40 OTHER

k = 0.7 0.8 0.9 1.0
Calculate desired units of insulin from above line.

“Big I” = _____ (k units × weight kg)/24 hours
“Big I” = Basal insulin requirement + Bolus (meal-related) insulin requirement
Basal = 1⁄2 “Big I,” Bolus = 1⁄2 “Big I”
Basal: Divide so that 1⁄6 of “Big I” is NPH given before breakfast, 1⁄6 of “Big I” is NPH given before dinner, and 1⁄6
of “Big I” is NPH given before bedtime.
Bolus: Divide so that 1⁄6 of “Big I” is rapid-acting insulin given before breakfast, 1⁄6 of “Big I” is rapid-acting
insulin given before lunch, and 1⁄6 of “Big I” is rapid-acting insulin given before dinner. The rapid-acting insulin
is then titrated based on the blood glucose.

0800 Pre-breakfast: NPH = 1⁄6”Big I” = _____________.
Check yesterday’s pre-dinner BS:

If yesterday’s pre-dinner BS <60, then decrease today’s AM NPH by 2 units.
If yesterday’s pre-dinner BS 61–90, no change in today’s AM NPH.
If yesterday’s pre-dinner BS >91, then increase today’s AM NPH by 2 units.

Do not feed Rapid-acting insulin = 1⁄6 “Big I” = ________ to be adjusted according to the following scale:
the patient Pre-breakfast BS <60 = ________ = (1⁄6 “Big I” dose) – 3% of the “Big I.”
until the 61–90 = ________ = 1⁄6 “Big I” dose.
blood 91–120 = ________ = (1⁄6 “Big I” dose) + 3% of the “Big I.”
sugar is >121 = ________ = (1⁄6 “Big I” dose) + 6% of the “Big I.”
below If today’s BS 1 hour after breakfast is <110, then decrease tomorrow’s pre-breakfast rapid insulin by 2 units.
120 mg/dL. If today’s BS 1 hour after breakfast is 111–120, no change in tomorrow’s pre-breakfast rapid insulin.

If today’s BS 1 hour after breakfast is >121, then increase tomorrow’s pre-breakfast rapid insulin by 2 units.

1200 Pre-lunch: Rapid-acting insulin is 1⁄6 “Big I” = _____________ to be adjusted according to the following scale:
Do not feed Pre-lunch BS <60 = ____________ = (1⁄6 “Big I” dose) – 3% of “Big I.”
the patient 61–90 = ____________ = 1⁄6 “Big I” dose
until the 91–120 = ____________ = (1⁄6 “Big I” dose) + 3% of “Big I.”
blood sugar >121 = ____________ = (1⁄6 “Big I” dose) + 6% of “Big I.”
is below If today’s BS 1 hour after lunch is <110, then decrease tomorrow’s pre-breakfast rapid insulin by 2 units.
120 mg/dL. If today’s BS 1 hour after lunch is 111–120, no change in tomorrow’s pre-breakfast rapid insulin.

If today’s BS 1 hour after lunch is >121, then increase tomorrow’s pre-breakfast rapid insulin by 2 units.

1700 Pre-dinner: NPH = 1⁄6”Big I” = _____________.
Rapid-acting insulin is 1⁄6 “Big I” = _______________ to be adjusted according to the following scale:
If yesterday’s pre-bedtime BS <60, then decrease today’s dinner NPH by 2 units.
If yesterday’s pre-bedtime BS 61–90, no change in today’s dinner NPH.
If yesterday’s pre-bedtime BS >91, then increase today’s dinner NPH by 2 units.

Do not feed Pre-dinner BS <60 = ____________ = (1⁄6 “Big I” dose) – 3% of “Big I.”
the patient 61–90 = ____________ = 1⁄6 “Big I” dose
until the 91–120 = ____________ = (1⁄6 “Big I” dose) + 3% of “Big I.”
blood sugar is >121 = ____________ = (1⁄6 “Big I” dose) + 6% of “Big I.”
Below If today’s BS 1 hour after dinner is <110, then decrease tomorrow’s dinner rapid insulin by 2 units.
120 mg/dL. If today’s BS 1 hour after dinner is 111–120, no change in tomorrow’s dinner rapid insulin.

If today’s BS 1 hour after dinner is >121, then increase tomorrow’s dinner rapid insulin by 2 units.

2400 Bedtime NPH: Give 1⁄6 “Big I” = ________________.
If today’s pre-breakfast BS is <60, then decrease today’s bedtime NPH by 2 units.
If today’s pre-breakfast BS is 61–90, no change in today’s bedtime NPH.
If today’s pre-breakfast BS is >91, then check the 3 AM BS and, if it is <70 (regardless of today’s pre-breakfast BS),

decrease today’s bedtime NPH by 2 units.
If today’s pre-breakfast BS is >91, and the 3 AM BS >70, increase today’s bedtime NPH by 2 units.
Also, if the 3 AM BS is >91, then call the doctor for 3 AM rapid insulin scale equal to the pre-lunch rapid scale.
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insulin pumps during pregnancies complicated by diabetes are
still in its infancy. Kitzmiller et al.58 showed that insulin pump
therapy did improve glucose control and minimized clinically
significant hypoglycemic events to 2.2/week. Coustan et al.59

then reported a randomized clinical trial of insulin pump ther-
apy versus conventional therapy in pregnancies complicated by
diabetes. They showed that there were no differences between
the two treatment groups with respect to outpatients mean 
glucose levels, symptomatic hypoglycemia or HbA1C levels.

They concluded that excellent diabetes control can be
achieved with both insulin infusion pumps and with multiple
injections of insulin. Carta et al.60 also performed a random-
ized trial of continuous subcutaneous insulin infusion versus
intensive conventional insulin therapy in Type 1 and Type 2
diabetic pregnant women. They reported that there were not
significant differences in mean insulin requirements at the dif-
ferent stages of gestation and that perinatal outcome was sat-
isfactory in both groups, however, in their study, control of
fetal growth was better with interfiled convention therapy
compared to fetal growth in the pump group. Mancuso et al.61

studied the efficacy of the insulin pump in the home treat-
ment of pregnant diabetic women. They reported that that
using the pump seven Type 1 diabetic women delivered term
infants and had no macrosomia or neonatal problems 
along with normal glucose tolerance tests at two years of life.

Potter et al.57 studied continuous insulin infusion in the third
trimester of eight pregnancies complicated by diabetes.
Compared to historical controls, they concluded that diurnal
variations of blood glucose concentrations were dampened.
Leveno et al.62 performed a case controlled trial of insulin
pump therapy versus literature intensified conventional ther-
apy, and observed no significant differences between the
groups for glucose control, cost and complications. They con-
cluded that insulin pumps were not acceptable to all pregnant
diabetic women and that such therapy may not be necessary to
improve pregnancy outcome. Caruso et al.63 treated 12 poorly
controlled pregnant diabetic women with insulin infusion
pumps and showed that glucose levels could be quickly nor-
malized with a remarkable decrease in variation of glucose
excursions. In addition, they showed that amniotic fluid
insulin, glucose and C-peptide levels were normal, and none
of the infants were macrosomic or had any neonatal problems.
They concluded that insulin infusion pump therapy was
highly effective compared to intensified conventional treat-
ment. In a nested case-controlled study, Simmons et al.64 uti-
lized insulin pumps in pregnancies complicated by Type 2
diabetes and GDM in a multiethnic community, and showed
in 30 women that none experienced severe hypoglycemia and
79% had improved glycemic control within 1–4 weeks.
Mothers using the pump had greater insulin requirements and
greater weight gain. Although their infants were more likely to
be admitted to the special care unit, they were not heavier nor
did they have more hypoglycemic events than control subjects.
Jensen et al.65 reported their series using insulin infusion pump
therapy (n = 11) in the pre-conception treatment period in
Type 1 diabetic women compared to women treated with con-
ventional therapy (n = 9). Two fetuses born of mothers treated
with conventional therapy exhibited early group delay, whereas
all 11 fetuses born of mothers treated with pump therapy were
normal; there were no malformations in either group. Gabbe 
et al.66 published a series of 24 Type 1 diabetic patients and
reported no difference in the groups of women treated with
pump compared with those treated with intensified insulin
therapy for episodes of hypoglycemia, costs, complication,
glycemic control or in pregnancy outcome. The advantages
seen were all postpartum because those women who were on
the pump into their postpartum period sustained better glu-
cose control than those who were on intensified insulin ther-
apy during pregnancy. The conclusion drawn from this review
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Table 27.2 Basal insulin pump program (using human regular, insulin lispro or insulin aspart)

Period Basal requirement (B*) (hourly infusion rate) Rationale

Midnight to 4 am 50% less basal, (B/24 × 0.5) Maternal cortisol at nadir
4 am to 10 am 50% more basal, (B/24 × 1.5) Highest level of maternal cortisol
10 am to noon Basal, (B/24)

*B = 0.5I (the total daily insulin) or an hourly rate of B/24.
To refine basal settings, have the patient perform self-blood glucose monitoring at the end of each period to determine whether adjustments are
needed. For instance, at the 4 am test, the blood glucose level should be 60–90 mg/dL; if blood glucose level is out of this range, dial up or down
insulin in increments of 0.10 unit/h. (Consider using 0.1 unit/kg as NPH insulin at bedtime to prevent diabetic ketoacidosis secondary to needle
slippage; then decrease the overnight basal from 4 am to 10 am by 0.02 unit/kg/h).

Table 27.3 Pre-meal sliding scale dose calculation
using rapid-acting insulin*

Pre-meal basal 
glucose (mg/dL) Compensatory insulin

<60 Meal-related insulin 
dose minus 3% I

61–90 Meal-related insulin 
dose: no adjustment 
necessary

91–120 Meal-related insulin 
dose plus 3% I

121 Meal-related insulin 
dose plus 6% I

*Human regular insulin or insulin lispro or insulin aspart.
†Meal-related insulin is half the total daily insulin dose (I), such that
40% of the dose is at breakfast, 30% is at lunch and 30% is at dinner.
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of the literature on using insulin pump therapy in pregnant
women with diabetes is that pump therapy is not necessary in
order to achieve and maintain optimal control (27.4); however,
five of the 10 papers suggest that insulin pump therapy has an
advantage over intensified multiple injections of insulin. In
addition, only 155 patients were reported in these 10 trials and
in all but one paper the women had their pump therapy started
in the second or third trimester (Table 27.4).

Insulin algorithms for continuous
insulin infusion pump therapy 
in pregnancy
The basal need is usually 50% of the total daily insulin dose
(0.5I) and may be delivered using a constant infusion pump
(Table 27.2) or by multiple doses of intermediate-acting insulin
(Table 27.1). When using a constant infusion pump the basal
need is calculated as an hourly rate (Table 27.2) and is delivered
such that the calculated rate (0.5I or total dose over 24 h divided
by 24) is given between 10 am and midnight. The rate is cut in
half (i.e. 0.5I divided by 24 times 0.5) from midnight to 4 am,
and increased by another 50% (i.e. 0.5I divided by 24 times 1.5)
to counteract the morning rise of cortisol levels that are poten-
tiated during pregnancy. Also, low-dose NPH before bedtime
has been used by some clinicians to prevent the possible occur-
rence of diabetic ketoacidosis if the needle slips out of position
during the overnight period. This dose of NPH insulin needs to
be sufficient to provide protection from ketosis, or 0.1 unit of
NPH times the weight of the women in kilograms. Then the
overnight basal insulin needs to be decreased to allow for the
NPH dose. The 4 am to 10 am basal insulin should thus be
adjusted downward by 0.02 unit/kg/h.

Insulin and glucose treatment 
during labor
With improvement in antenatal care, intra-partum events 
play an increasingly crucial role in the outcome of pregnancy.

The artificial beta cell may be used to maintain normoglycemia
during labor and delivery, but normoglycemia can be maintained
easily by subcutaneous injections. Before active labor, insulin is
required, and glucose infusion is not necessary to maintain a
blood glucose level of 70–90 mg/dL. With the onset of active
labor, insulin requirements decrease to zero and glucose require-
ments are relatively constant at 2.5 mg/kg/min. From these data,
a protocol for supplying the glucose needs of labor has been
developed.67

The goal is to maintain the maternal plasma glucose
between 70 and 90 mg/dL. In cases of the onset of active spon-
taneous labor, insulin is withheld and an intravenous (i.v.) dex-
trose infusion is begun at a rate of 2.55 mg/kg/min. If labor is
latent, normal saline is usually sufficient to maintain normo-
glycemia until active labor begins, at which time dextrose is
infused at 2.55 mg/kg/min. Blood glucose is then monitored
hourly and if it is <60 mg/dL then the infusion rate is doubled
for the subsequent hour. If the blood glucose rises to >120 mg/dL,
2–4 units of regular insulin are given i.v. each hour until the
blood glucose level is 70–90 mg/dL. In the case of an elective
Cesarean section, the bedtime dose of NPH insulin is repeated
at 8 am on the day of surgery and every 8 h if the surgery is
delayed. A dextrose infusion may be started if the plasma glu-
cose level falls to <60 mg/dL, and 2–4 units of regular insulin
given i.v. every hour if the blood glucose rises to >120 mg/dL.67

Insulin and glucose requirements
postpartum
Maternal insulin requirements usually drop precipitously 
postpartum, possibly for 48–96 h. Insulin requirements should
be recalculated at 0.6 unit/kg based on the postpartum weight
and should be started when the 1 h postprandial plasma glucose
value is >150 mg/dL or the fasting glucose level is >100 mg/dL.
The postpartum caloric requirements are 25 kcal/kg/day,
based on the postpartum weight. For women who wish to 
breast feed, the calculation is 27 kcal/kg/day and insulin 
requirements are 0.6 unit/kg/day. The insulin requirement
during the night drops dramatically during lactation, owing to
the glucose siphoning into the breast milk. Thus, the majority of
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Table 27.4 Review of the literature on using insulin infusion pump therapy in pregnancies complicated by diabetes

Author and year (reference) No. on CSII* Trimester or weeks gestation Type of DM† Type of trial/comments

Potter et al. 1980 (57) 8 Third 1 Longitudinal/improved
Kitzmiller et al. 1985 (58) 24 5–10 1 Longitudinal/no difference
Coustan et al. 1986 (59) 22 Second and third 1 Randomized/no difference
Carta et al. 1986 (60) 14 First 1 Case–control/improved
Mancuso et al. 1986 (61) 12 Third 1 Longitudinal/improved
Jensen et al. 1986 (65) 9 Before and all trimesters 1 Case–control
Caruso et al. 1987 (63) 12 Third 1 Longitudinal/improved
Leveno et al. 1988 (62) 11 Second and third 1 Self-selection/no difference
Gabbe et al. 2001 (66) 23 Second, third and postpartum 1 Only postpartum improved
Simmons et al. 2002 (64) 30 Second GDM and 2‡ Equal

*Continuous subcutaneous insulin infusion.
†Diabetes mellitus.
‡Gestational diabetes mellitus.
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the insulin requirement is needed during the daytime to cover
the increased caloric needs of breast feeding. Normoglycemia
should especially be prescribed for nursing diabetic women,
because hyperglycemia elevates milk glucose levels.68

Conclusions
With the advent of tools and techniques to maintain normo-
glycemia before, during, and between all pregnancies 
complicated by diabetes, infants of diabetic mothers now have

the same chances of good health as those infants born to 
the nondiabetic woman. Animal and human studies clearly
implicate glucose as the teratogen. These studies, and others,
emphasize the need for pre-conception programs and the
need for support systems to facilitate the maintenance of
normoglycemia throughout pregnancy. The morbidity 
and subsequent development of the infant of the diabetic
mother is associated with hyperglycemia. Therefore, the 
goal of insulin therapy is to achieve and maintain normo-
glycemia before, during and after all pregnancies complicated
by diabetes.
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Introduction
Gestational diabetes mellitus (GDM) continues to be a major
public health problem for the mother and unborn fetus with
an estimated incidence of 3–10%, depending upon geographic
location, affecting at least 105,000–350,000 women annually
in the United States. The cornerstone of treatment is diabetic
diet and when dietary modifications do not control maternal
glycemia, pharmacological therapy is initiated. The adminis-
tration of short- and long-acting insulin will be required in
20–60% of pregnancies that are complicated by GDM in order
to maintain adequate glycemic control. Because of its high
efficacy rate (50–80% of patients will achieve good glycemic
control) and its purported inability to cross the placenta 
and adversely affect the fetus, insulin has remained the drug 
of choice.1

Bauman and Yallow,2 however, have confirmed that older
generations of insulin readily cross the placenta as insulin–
antibody complexes. The results by Menon et al.3 correlated
insulin antibody passage rates with macrosomia. Therefore,
the findings regarding the safety of insulin therapy needs to be
addressed. Moreover, the introduction of new insulin analogs
(e.g. lispro) requires further investigation to rule out stimula-
tion of antibody production that may assist insulin transfer
through the placenta. In addition, insulin administration is
inconvenient and expensive which makes this factor of even
greater concern in developing countries. Therefore, the 
continuous search for a safe and effective alternative to insulin
therapy has been an ongoing challenge.

The use of oral anti-diabetic agents in nonpregnant Type 2
diabetic women has become the standard of care in the United
States (US) to help patients maintain the tight glucose control
that lowers their risk for microvascular complications.4,5

The prevalence of GDM varies in direct proportion to the
prevalence of Type 2 diabetes in a given population or ethnic
group. In the US, the prevalence rate ranges from 1 to 14%.6

Among different ethnic groups, both forms have been diag-
nosed in varying rates. Both Type 2 diabetes and GDM are
heterogeneous disorders whose pathophysiology is character-
ized by peripheral insulin resistance, impaired regulation of
hepatic glucose production and declining beta-cell function.

The prime objective for treatment of both pregnant and
nonpregnant diabetic patients is to optimize the glycemic 
profile. Insulin and the oral anti-diabetic agents were designed
to reduce the level of glycemia. Although until recently there
was paucity of information on the efficacy for the use of oral
anti-diabetic agents in pregnancy, and, therefore, its restricted
role in the management of GDM in the US, both glyburide and
metformin have been widely prescribed in Europe and South
Africa without reported adverse side effects to the fetus.7–17

Lately, consideration for the use of oral anti-diabetic agents
in pregnancy has become ‘debatable’ in scientific forums in the
US. At the 5th International Workshop on GDM and at the
North American Study Group, the use of glyburide during
pregnancy was endorsed. The historic ban on the use of oral
anti-diabetic agents in pregnancy has been based on scant 
evidence of case reports18,19 and one study in particular on
fetal anomalies in 50 poorly controlled diabetic women prior
to pregnancy20 begging the question: is it the drug or is it the
level of glycemia?

The controversy surrounding the management of GDM
with oral anti-diabetic agents stems from the lack of data from
well-designed studies. The term for emphasizing outcome-
based approaches is ‘evidence-based medicine’. When doctors
continue to question established practices and base decision-
making on research evidence rather than on anecdotes and 
the opinions of ‘experts’, they can perform at their best. The
purpose of this review is to provide the reader with the 
evidence and the foundation for understanding the use of oral
anti-diabetic drugs in pregnancy as an effective alternative 
to insulin therapy in achieving glycemic control. The concerns
of teratogenicity due to possible placental transfer, neonatal
and maternal outcome, and basic pharmacological advantages
will be addressed.

Oral anti-diabetic agents:
Classification and characteristics
In contrast to systematic studies that led to the isolation of
insulin, sulfonylureas were discovered accidentally. Additional
clinical trials led to the discovery of tolbutamide in the 1950s

217

Oral anti-diabetic agents in
pregnancy: Their time 
has come
Oded Langer

28

9780415426206-Ch28  11/29/07  3:38 PM  Page 217



and since that time many agents in this class of drugs have
been developed, e.g. chlorpropamide. Second-generation 
sulfonylureas were subsequently developed that include 
glyburide and glipizide. In 1997, the first drug in a new class of
oral insulin secretagogues called meglitinides (benzoic acid
derivatives) was approved for clinical use. The agent repaglin-
ide has gained acceptance as a fast-acting, pre-meal therapy 
to limit postprandial hyperglycemia.21

Biguanides were recognized as early as 1920 but received clin-
ical recognition in the US only in the past decade. Phenformin,
the primary drug in this group, was withdrawn from American
and European markets because of the side effects of lactic acido-
sis. Its replacement, metformin, although used extensively in
Europe, has only been recognized for use in the US since 1995.21

Thiazolidinediones were introduced in 1997. The first agent,
troglitazone, was reported to have a high rate of hepatic toxi-
city, and as a result, was withdrawn from the market in 2000.
However, newer agents in this class such as rosiglitazone and
pioglitazone are widely used in clinical practice without
reported hepatic toxicity. Alpha-glucosidase inhibitors, which
reduce intestinal absorption of starch and glucose (acarbose),
have now been introduced into clinical practice.21

The oral anti-diabetic agents act, depending upon the 
specific group, directly upon the beta cells to increase insulin
secretion and/or to decrease hepatic glucose production and
to increase peripheral insulin sensitivity. The advantage of
using these agents rather than administering exogenous
insulin is their ability to have an impact by nutrient availability,
extra pancreatic effect and/or to increase insulin availability
through the physiological route.

The prevalence of Type 2 diabetes and GDM has increased
by 33% in the past decade in the US.6 This reality may be
attributable to the increased rate of obesity in the general pop-
ulation in all ethnic groups and the trend towards advanced
maternal age in pregnancy. Because of the relative ease of
administration and the low cost involved in overall therapy
with oral anti-diabetic agents, they have become the drug of
choice in the treatment of Type 2 diabetes. One can assume
that their popularity will only increase in the future, especially
after confirmation from the large prospective study by the
United Kingdom Prospective Diabetes Study (UKPDS) group.
The results of the study demonstrated that Type 2 diabetic
patients can maintain their desired level of control, thereby
lowering their risk for microvascular complications.22 We, in a
randomized study of the use of oral anti-diabetic agents
demonstrated that glyburide is an efficacious alternative to
insulin in the treatment of diabetes in the pregnant subject.23

The reader should consider the following ‘drug compass’
when contemplating the use of an insulin secretagogue in
pregnancy:

1. Will the drug–drug interactions complicate its use with the
necessary and commonly administered drugs?

2. Can glycemic control be achieved by using the optimal dose?
3. After nutrient ingestion, can the drug reduce the time lag

between the plasma glucose rise and insulin secretion?
4. Can serious postprandial and fasting hypoglycemia be min-

imized because the drug duration of action is short enough
or its dependence on plasma glucose levels sufficient?

5. Are there any side effects that can reduce the long-term
beneficial effects?29

A major consideration in the efficacy of the drug will be its
ability to cross the placenta and, if this is so, what toxicity, if at
all, can it cause to the developing fetus. Often, the fear of drug-
induced adverse outcome, especially after the thalidomide era
in the 1960s, precludes the physician’s ability to judge the 
scientific rationale for using a drug and evaluating it using 
evidence-based data instead of depending upon dogma. Very
few medications have been shown to not cross the placental
barrier. In fact, a pregnant woman is often exposed to four 
or five prescription drugs during pregnancy for a variety 
of complaints. Similar to other epithelial barriers, transfer 
of drugs across the placenta is affected by several factors:
molecular weight, pKa, lipophilicity, placental blood flow,
blood protein binding, elimination half-life, and the specific
placental transport system that affects the ability of drugs 
to enter the fetal compartment.21,24,25

Sulfonylureas have been used in the treatment of Type 2
diabetes since 1942 because of their capacity to cause hypo-
glycemia by stimulating insulin release from pancreatic beta
cells. Sulfonylureas bind to specific receptors on beta cells
forcing closure of potassium adenosine triphosphate (ATP)
channels and opening of calcium channels that cause an
increase in cytoplastic calcium that stimulates insulin release.
The major effect of these drugs is to enhance insulin secre-
tion.26–31 Sulfonylureas may also further increase insulin levels
by reducing hepatic clearance of the hormone, the main con-
tributor to fasting hyperglycemia. Enhanced insulin secretion
diminishes glucose toxicity and improves insulin secretion
after meals, thus reducing postprandial hyperglycemia. These
drugs can also enhance peripheral tissue sensitivity 
to insulin.27–32 The sulfonylureas influence insulin secretion 
in direct proportion to plasma glucose levels from 60 to 
180 mg/dL: they do not stimulate insulin secretion when the
plasma glucose is <60 mg/dL.32,33 The mechanism of action 
of sulfonyureas is to rapidly facilitate insulin secretion in
response to nutritional intake which will result in a minimal
to no lag time between the changes in plasma glucose and
modification of the insulin secretory rate.34,35

Chlorpropamide has been available for >30 years and is a
highly effective oral anti-diabetic agent with a very long dura-
tion of action. The main side effect for Type 2 nonpregnant
patients is a significantly higher rate of severe and protracted
hypoglycemia. This complication has not been reported to be
a major concern for pregnant patients in previous studies.7–17

The drug stimulates the antidiuretic hormone secretion, poten-
tiating its effect at the renal tubular level, resulting in water
retention and hyponatremia. With the development of second-
generation sulfonylurea drugs that do not cross the placenta
(glyburide), and with the high rate of hypoglycemia, chlor-
propamide should not be recommended for use in pregnancy.21

Glyburide (also known as glibenclamide and glybenzcy-
clamide) is one of the second generation hypoglycemic 
sulfonylureas; this group also includes glipizide, gliclazide, and
glimepiridel. These sulfonylureas are considerably more
potent than the earlier agents. When given as a single agent,
the peak plasma level of glyburide occurs within 4 h; the
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absorption of the drug is not affected by food digestion.
Metabolism of glyburide occurs in the liver and its metabolites
are extracted in bile and urine in equal proportions. Ten hours
is the approximate elimination half-life of glyburide. Adverse
effects of the drug are infrequent, occurring in <4% of
patients receiving second-generation agents.21 However, in
11–38% of Type 2 nonpregnant patients, the main side effect of
glyburide is hypoglycemia, with symptoms being dose related:
the older patient is at greater risk of a hypoglycemic episode.

The patient most receptive to glyburide therapy is one who
has been hyperglycemic for less than 5 years, is willing to
follow a dietary protocol, and is either of normal weight or
obese. Characteristic features of both Type 2 diabetes and
GDM are beta-cell exhaustion and insulin resistance. Most
often, patients of both diabetic types are comparable in 
obesity, are asymptomatic in the early stages of the disease and
have similar prevalence in the same ethnic group. Given the
similarity of the phenotypic features of these complications, it
is safe to assume that the use of glyburide may be beneficial in
the prevention of maternal–fetal GDM complications.

Glimeperide is a new sulfonylurea drug. Both this drug and
glyburide displace one another from their respective binding
sites. Glimeperide has a 2.5- to 3-fold faster rate of association
and an 8- to 9-fold faster rate of dissociation from the 
beta-cell SUR binding site than glyburide. This results in a
more rapid release of insulin and a shorter duration of insulin
secretion. Glimeperide significantly increases second-phase
insulin secretion, whole-body glucose uptake, and insulin 
sensitivity.26,36,37 The increase in insulin sensitivity may be
explained by studies demonstrating lower fasting plasma
insulin and C-peptide levels in patients using this drug 
compared to glyburide-treated patients with comparable
levels of glycemic control. It should be noted that, to date,
glimeperide has not been tested for use in pregnancy.26,36,37

Biguanides
Metformin is an oral anti-diabetic drug that is chemically and
pharmacologically unrelated to the sulfonylureas. Metformin
is a second-generation biguanide that was reintroduced and
distributed in the US after biguanide phenformin was 
withdrawn from the market in the 1970s: both were intro-
duced in 1957. Metformin has been universally shown to be
effective in improving the glycemic profile in diabetic patients.
Its mechanism of action is thought to include decreased
hepatic glucose production and intestinal absorption of
glucose, and increased peripheral uptake of glucose and 
utilization. The two latter mechanisms result in improved
insulin sensitivity, i.e. decreased insulin requirements.38,39

Importantly, metformin does not stimulate insulin secretion
and, therefore, does not cause hypoglycemia either in diabetic
or control patients. The drug acts by causing the translocation
of glucose transporters from the miscrosomal fraction to the
plasma membrane of hepatic and muscle cells.40

Metformin has no significant effects on the secretion of
glucagons, cortisol, growth hormone or somatostatin. The
mechanism by which metformin reduces hepatic glucose 
production is controversial, but the preponderance of data

indicates an effect on reducing gluconeogenesis.40 It has 
a strong safety and efficacy record, with a frequency of lactic
acidosis one-tenth that of the parent drug. The incidence of
lactic acidosis with metformin is 0.03 cases/1000 patients
annually. The elimination of plasma half-life time is 6 h.
Therefore, patients with renal compromise should not receive
metformin, since the risk of lactic acidosis increases with the
degree of renal impairment and patient age. Metformin
should be introduced gradually in 500 or 850 mg increments
to a maximum of 2000 mg daily.38,39

The peak plasma level when the drug is given as a single
agent occurs within 4 h. The extent of absorption is reduced
with food intake; however, it should be administered with
meals to minimize gastrointestinal intolerance. Metformin is
not metabolized and is eliminated unchanged in the urine.
It has been effective in reducing plasma triglyceride and 
cholesterol levels, as well as in promoting weight loss in obese
diabetic patients. Hypoglycemia is not an overt side effect 
of its use. Metformin does not stimulate the fetal pancreas 
to over-secrete insulin. The efficacy of the drug to reverse
known defects responsible for insulin resistance in Type 2 
diabetes and its safety with regard to hypoglycemia suggests
that it may be an ideal drug for a primary prevention study 
in GDM.

Thiazolidenediones are a class of drugs which may provide
still another pharmacological alternative to insulin therapy,
although to date there are no reported data on its use in 
pregnancy. Troglitazone, the first of these agents to be 
introduced, has been withdrawn from use because it was 
associated with severe hepatic toxicity, followed by a number
of deaths. These oral anti-diabetic agents exert their principal
effects by lowering insulin resistance in peripheral tissue.
A decrease in systemic and local tissue lipid availability may
also contribute to its positive attributes in controlling the
effects of diabetes.

Rosiglitazone, another oral agent in this group, is more
potent than troglitazone and claims to offer a lower risk of
hepatotoxicity. It is absorbed within 2 h but the maximum
clinical effect is not observed for 6–12 weeks. It is recommended
that liver function be measured before the start of therapy and
monitored once initiated. Studies also report considerable
weight gain with this drug.41,42

Similarities exist between rosiglitazone and glyburide in
their pharmacological characteristics, which may suggest that
there is a possibility that they do not cross the placenta. If this
proves to be the case, rosiglitazone, like metformin, may be an
ideal agent for the management of GDM and Type 2 diabetes
in pregnancy, as a single therapy or in combination with 
glyburide.

Alpha-glucosidase inhibitors act by slowing the absorption
of carbohydrates from the intestine, thereby reducing the
postprandial rise in blood glucose. The postprandial rise is
blunted in both normal and diabetic patients. Gastrointestinal
side effects require gradual dosage increments over time after
initiation of therapy. This group of drugs may be considered 
a monotherapy in elderly patients but are typically used in
combination with other oral anti-diabetic agents and/or
insulin. Acarbose, the oral agent in this group currently in use,
may be added to most other available therapies.43,44
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Rationale for the use of oral
hypoglycemic agents in the
management of gestational 
diabetes mellitus
The intensified insulin approach in the management of GDM
has been shown to result in perinatal outcomes comparable to
those in the general population; thus, it has become the
method of choice for control of glycemia.1 A less invasive,
efficacious alternative that would achieve similar perinatal
outcome while enhancing patient compliance has been a
major diabetes research goal for the past 20 years.

The underlying principle for the use of oral anti-diabetic
agents in pregnancy has been motivated by three factors,
as follows;

First, the similarity between Type 2 diabetes and GDM. In
addition to the insulin secretion and resistance abnormalities
found in both conditions, there is a loss of the first phase
insulin secretion with a striking lag time between the postpran-
dial rise in glucose and the presence of significant insulin at the
peripheral sites.33,34 It results in an early increase in postpran-
dial glucose values. As discussed before, second-generation sul-
fonylurea agents are rapid in onset and have a short duration
of action which makes them ideal agents for treatment in the
very early stages of Type 2 diabetes and possibly GDM patients.

Second, GDM and patients with impaired glucose tolerance
(IGT) are characterized by a mild hyperglycemia in comparison
to Type 2 diabetics. However, this mild hyperglycemia is 
significantly elevated in comparison to nondiabetic women.
As the disease progresses to Type 2 diabetes, there is progres-
sive loss of beta-cell function.45,46 In the presence of insulin
resistance with obesity, pregnancy, and, especially GDM,
insulin secretion will initially increase to compensate for the
impairment in insulin action. The ensuing decrease in 
secretion over time will, in turn, result in the progression from
normal glucose tolerance to GDM, from there to IGT and 
to Type 2 diabetes.46

Oral anti-diabetic agents have been successfully used to
decrease glycemic levels in Type 2 diabetic patients. Since GDM
subjects have the mildest form of the glucose tolerance abnor-
mality, it is reasonable to assume that the use of oral anti-
diabetic agents in the treatment of GDM should be even more
effective than its current use with Type 2 diabetic patients.

Third, The United Kingdom Prospective Diabetes Study
(UKPDS) of Type 2 diabetes supported the efficacy of these
drugs and in particular the use of glyburide.22 The study
demonstrated that with the use of glyburide, 70% of the
patients achieved a desirable level of glucose control with the
most favorable effect achieved within the first 5 years of
therapy.22 The study also reported a decrease in microvascular
and macrovascular complications. Rather than credit a 
specific therapy as the factor responsible for reduced risk of
complications, the authors concluded that improvement in
glycemic control was the crucial factor in treating the disease.

The UKPDS22 and the Diabetes Control and Complications
Trial (DCCT)47 groups suggest that intensive therapy in
patients with Types 1 and 2 diabetes will result in improved
glycemic control and a decrease in the complication rate.
Thus, intensified therapy can, by itself, provide the primary
prevention for diabetic complications. Studies of pregnant
diabetic women, including a study of >2000 GDM patients1

demonstrated that intensified therapy results in improvement
in glycemic control and in perinatal outcomes similar to those
in the nondiabetic population.

Since GDM is characterized by a milder glycemic profile
and occurs 2–10 years earlier than Type 2 diabetes, the use of
oral anti-diabetic agents in its treatment should be even more
effective. In addition, it is reasonable to expect that the success
rate for therapy with GDM patients should be >70%, as
achieved with Type 2 diabetics. In evaluating the use of
glyburide in comparison to insulin23 in GDM women, we
found that 82% of the glyburide patients and 88% of the
insulin patients achieved targeted levels of control. In another
randomized study,14 80% of subjects treated with oral agents
or diet alone maintained targeted blood glucose levels of
<150 mg/dL. In contrast, only 38% of the insulin patients were
able to achieve this level, probably due to poor compliance.
Since these results were reported, multiple studies have 
reconfirmed that glyburide and insulin have comparable rates
in achieving levels of glycemic control and outcome in 
pregnancy48–56 (Tables 28.1 and 28.2).

Success in achieving targeted levels of glycemia will vary
from study to study because of different doses, administration
algorithms, length of therapy, type of patient (severity and
ethnicity), and non-comparable groups (compliant versus
non-compliant subjects). Finally, to date, there is no evidence
that a diabetic medication will be able to maintain targeted
levels of glycemic control in all patients.
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Table 28.1 Use of oral anti-diabetic agents in pregnancy: glyburide

Reference Study design Good glyburide Contr LGA

Langer et al.23 Ramdomized controlled trial 82 and 88% 12 vs. 13%
Lim et al.50 Prospective observational Not significant Not significant
Conway et al.51 Prospective observational 84% Not applicable
Kremer and Duff12 Prospective observational 81% 19%
Chmait et al.48 Prospective observational 82% 7%
Gilson et al.53 Prospective observational 82% Not significant
Fines et al.54 Retrospective case–control Not applicable 8 vs. 25%
Velasquez et al.92 Case series 82% 16 vs. 29%
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The incidence of congenital anomalies in nondiabetic
women is 2–3% but increases to 7–9% overall in pregnant 
diabetic patients. The rate will be even higher in poorly 
controlled diabetics and as the severity of the disease
increases. An unanswered question remains: what is the toxic
agent that triggers the development of malformations – is it
the glucose or is it the oral anti-diabetic agent? This dilemma
has led to several investigations of animal species or tissue 
cultures as a source for the answers. These types of studies
provide the conditions with which to test separately and
together the effect of different drug doses in conjunction with
varying levels of glucose. However, needless to say, reports from
mice studies are not generally applicable to human embryos.

Smithberg and Runner57 studied different hypoglycemia-
inducing treatments, including insulin, tolbutamide, and 
fasting of prepuberal mice, as well as combination treatments
involving nicotinamide plus insulin or tolbutamide. They
were all found to be potent teratogens in one or more inbred
strains of mice. Teratogenic treatments cause a variable 
proportion of deaths. The response of different strains of mice
to individual treatments relevant to teratogenicity or lethality
was highly variable. It is the variability of response elicited
from each strain of mouse as a group which may be the most
pertinent finding in these experiments. Most noteworthy is
the 3% mortality produced by insulin treatment in strain
BALB/c as compared to 17% in mouse strain 129. This example
demonstrates the variability in study results reported in the
literature. It also makes one realize that it was the strain 
of mouse that was the determining factor in recommending 
or failing to recommend a particular drug.

However, first-generation sulfonylureas, such as tolbutamide
and chlorpropamide, were found to be associated with 
congenital malformations in the majority of animal studies.
Adverse effects appear to be caused by the drugs and not 
by the hypoglycemia they produce. Chlorpropamide appeared
to be embryotoxic in mouse embryos in culture.56–58 To date,
no animal studies have been performed to evaluate second-
and third-generation sulfonylureas and their association 
to fetal malformations.

Denno and Sadler59 evaluated the effect of biguanides using
metformin and phenformin as embryotoxic agents at concen-
trations equal to serum levels obtained in patients treated with
the agent clinically. They found that phenformin is embry-
otoxic, whereas metformin is not, suggesting that metformin
is also the safer drug during pregnancy in patients with non-
insulin-dependent diabetes mellitus (NIDDM). However,
it should be noted that in the present study, metformin was
not without adverse effects since it produced a delay in neural
tube closure and also reduced yolk sac protein values at two
different concentrations. While delayed closure of the neural
tube may not have resulted in gross morphological abnormal-
ities, it was not possible to assess subtler alterations that might
result from such a delay using the culture system. Shephard60

and Schardein61 reported that metformin did not appear to be
a major teratogen because <0.5% of the rat fetuses in mothers
administered 500–1000 mg/kg developed anophthalmia 
and anencephaly. However, evidence of embryo toxicity was
evident with higher doses of the drug.

The characteristics of individual drugs will determine their
placental transfer capability. These factors will include:
molecular weight, pKa, lipophilicity, placental blood flow,
blood protein binding, and elimination half-life.62–65 Although
the cutoff for actual molecular weight passage across the pla-
cental barrier has not yet been accurately defined, it is generally
agreed that molecular weights ≤1000 Da passively permeate
across the placental barrier with sustained maternal blood
concentrations.62–68

The recirculating single-cotyledon human placental model
is widely used to characterize the transport and metabolism of
numerous drugs and nutrients. It is a reliable in vitro model
for human placental transfer since it facilitates the study of
intact human placenta independent of fetal metabolism.
Experiments can be validated against known substances that
freely cross the placenta.69–73

In recent studies using the single cotyledon model, it was
demonstrated that metformin freely crosses the placenta. In
light of this finding and the existence of contradicting data in
animal studies regarding the teratogenic effect of metformin,
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Table 28.2 Use of oral anti-diabetic agents in pregnancy: glyburide compared with insulin

Reference Study design Glyburide Regular insulin Good control LGA

Pendsey et al.93 Randomized 23 Repaglinde 23 Improved –
controlled trial glycemic control

Hellmuth et al.49 Prospective 68 Sulfonylurea 42 Poor in all 35–44% ≠PET
Notelovitz et al.13 Randomized 2 × 52 Tolbutamide 52 Oral 80% No neonat. 

controlled trial Chlorpropamin Insulin 36% hypog.
Yogev et al.84 Prospective 25 30 MBG - NS –
Moore et al.94 Randomized 31 32 MBG - NS –

controlled trial
Jacobson et al.55 Retrospective 236 316 MBG - NS –
Kitzmiller et al.95 Retrospective 73 Refused insulin 47% No neota. hypog.
Coetzee and Retrospective 126 – – Dec. PMN
Jacobson et al.96
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one must be very cautious when prescribing this drug in 
pregnancy. However, it should also be noted that the majority
of drugs used during pregnancy also cross the placenta yet do
not cause adverse effects to the fetus.

Unlike other species, the human placental barrier is com-
posed of a single rate-limiting layer of multinucleated cells,
the syncytiotrophoblasts. During the formation of the pla-
centa, fetal tissues erode the maternal blood vessels to attain a
closer proximity to the maternal circulation. Chorionic villi
that contain fetal blood vessels infiltrate the maternal vessels
and establish a sinusoid in which the villi are suffused by
maternal blood.62–65 The rate-limiting barrier for penetration
across the human placenta is the syncytiotrophoblast layer.
Therefore, animal studies addressing placental transfer 
(e.g. mice) will not necessarily be applicable in humans.66

Since animal studies are not conclusive about the safety of
the fetus regarding the association between drugs and malfor-
mations, additional research approaches are needed to deter-
mine drug transfer across the placenta and/or tests of fetal
blood for evidence of the drug. Only data that will provide
information on the association between metformin or any
other drug used clinically in humans will be the final testimony
of the existence or absence of teratogenic affect of these agents
on the fetus. One can speculate that all oral anti-diabetic drugs
will not cross the placenta as is the case with glyburide and will
allow us to use a potentially attractive drug because of its
multi-systemic response in the treatment of gestational 
diabetes and in pregnancy in general. However, this wishful
thinking is not the reality: some drugs (such as metformin and
the glitizone group) cross the placenta. Several animal studies
have demonstrated that these drugs cross the placental barrier
and cause, in rats, delayed body growth and insulin resistance.
One study in an in vivo murine model found that rosiglitazone
did not impair murine blastocyst development in vitro or
cause phenotypic harm to the mouse fetus when administered
during pregnancy. These findings bring us back to the ques-
tion previously addressed relevant to metformin: is it enough
to declare a drug contra-indicated if the drug crosses the 
placenta or evidence of no damage to the embryo and fetus
should permit us to use newly developed drugs with a poten-
tially high benefit to the embryo, fetus, and mother?!?

We evaluated the ability of first- and second-generation
sulfonylureas to cross the placenta.24,25 Glyburide’s molecular
weight is 494 units (U); it is one of the largest oral anti-
diabetic agents. First, transport and metabolism of glyburide
across the human placenta was investigated, with the follow-
ing results: (1) there was virtually no significant transport of
glyburide in either the maternal-to-fetal or fetal-to-maternal
directions, with an average transport of 0.26% at 2 h. These
levels are 3- to 8-fold higher than the therapeutic peak levels
after a 5 mg oral dose in humans. In fact, when cord 
blood samples were tested using high-performance liquid
chromatography (HPLC), glyburide was undetectable in these
samples despite maternal plasma levels of 50–150 ng/ml.
(2) After increasing the glyburide concentration to 100 times
the therapeutic levels, transport was not appreciably altered.
Equilibrium dialysis demonstrated that at least 98% of the 
glyburide was protein bound. (3) Glyburide is neither metab-
olized nor sequestered by the placenta.

In the second set of studies in 199472 and 1997,73 we
demonstrated that second-generation sulfonylureas, especially
glyburide, do not significantly cross the diabetic or nondiabetic
placenta. Fetal concentrations reached no more than 1–2% of
maternal concentrations. Although glipizide crossed the 
placenta in small amounts, this was significantly higher than
glyburide. In contrast, tolbutamide diffused across the 
placenta most freely. In general, glyburide has not been
demonstrated to be teratogenic in animal and human studies.
Recently, several laboratory and clinical studies reconfirmed
the lack of transfer and adverse affect of glyburide.

Clinical studies
The use of oral anti-diabetic agents was historically contraindi-
cated in the US. This dogma, supported by scant data, was
predicated on the assumption that the drugs could cause fetal
damage and/or demise. The results of numerous studies during
the current decade have systematically revealed the error in the
above assumptions. Yet, there persists a group of nay-sayers
who are tenacious in their disregard of new research findings
thus denying the mother and fetus alternative, more convenient
and sometimes even more effective modes of therapy.

Insulin therapy involves daily injections which do not
always result in optimal compliance by many women, and
women in many developing countries cannot afford insulin
therapy. Studies have demonstrated that both diet- and
insulin-treated women have comparable psychological 
profiles in different ethnic groups.77–79 However, given the
choice of insulin injections versus tablets, almost all women
will opt for the latter.

Since our original publication in 2000, several investigators
reported their clinical experience with glyburide.48–55 Each
demonstrated the effectiveness of glyburide therapy to achieve
glycemic control. However, different studies used different 
criteria to define success rate.

Three issues of concern have been raised: (1) the increased
rate of congenital anomalies; (2) the possible induction of
fetal macrosomia due to direct stimulation of the fetal 
pancreas resulting in hyperinsulinemia; and, (3) the increased
rate of hypoglycemia due to fetal hyperinsulinemia. The
sources for the above concerns were based on clinical observa-
tions of case reports or small retrospective studies, the 
majority published in the 1960s and 1970s. The patient 
populations were mainly Type 2 diabetics and the drugs used
were mainly first-generation sulfonylureas.18–20 An example 
of a study used to generate the recommendation that there 
is an increased risk for neonatal hypoglycemia with the use of
these drugs was a case report of three infants whose mothers
received chlorpropamide and another mother of an infant
given acetohexamide; another case report reported prolonged
symptomatic neonatal hypoglycemia.18,19 The recomm-
endation not to use oral anti-diabetic agents because 
of an increased rate of anomalies was based on a retrospective
study involving 50 Type 2 diabetic patients, all with hyper-
glycemia prior to conception (glycosylated hemoglobin
(HbA1c) levels >8%).20 The fact that maternal hyperglycemia
existed preconception makes it impossible to determine if the
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increased rate of anomalies found in these study subjects was
a result of the medication or of the elevated glucose level.

In contrast, three studies in the past decade have suggested
that there is no association between oral anti-diabetic agents
and congenital malformations. Towner et al.81 treated 332 
Type 2 diabetic patients with oral anti-diabetic agents or
insulin prior to pregnancy. The authors demonstrated, using 
a stepwise logistic regression, that the mode of therapy did 
not have an adverse effect, while the level of glycemia and
maternal age were significant factors contributing to the rate
of anomalies.

We demonstrated similar findings in a retrospective analysis
of 850 Type 2 diabetic women exposed to different oral 
hypoglycemic agents, insulin and diet therapy prior to and
during the first trimester of pregnancy.82 Again, it was the
blood glucose and not the mode of therapy that had the net
effect on the rate of anomalies. Finally, Koren,83 at an National
Institute Health (NIH) Food and Drug Administration (FDA)
conference presented the results of eight studies and 
concluded that the use of oral anti-diabetic agents have no
effect on the rate of fetal anomalies due to a very narrow con-
fidence interval (CI) (odds ratio (OR) 1.0; 95% CI 1.05–1.85).

To date, no randomized study addressing the use of oral
anti-diabetic agents during organogenesis has been performed.
The results of early small-scale studies suggest that an associa-
tion exists. However, these studies were not controlled for the
level of glycemia. The above large-scale studies, although retro-
spective, demonstrated that the cause of anomalies is the level
of glycemia and not the use of oral anti-diabetic drugs.

It remains unresolved if the treatment of Type 2 diabetes
with oral anti-diabetic agents will accelerate the rate of
anomalies. On the other hand, is it not an over-reaction to
condemn these medications? With existing data, care
providers need to objectively present information to patients
so that issues are addressed and informed decisions are made.
Moreover, there should be diligence in separating data from
Type 2 diabetic studies when considering GDM.

In the case of GDM, the issue of anomalies is simpler.
GDM patients are diagnosed and enter therapy after the first
trimester (after the organogenesis period). There then remains
concern about potential fetal hypoglycemia and stimulation
for macrosomia if the drug crosses the placenta. However, as
previously discussed, glyburide does not cross the placenta
and therefore cannot stimulate adverse effects in the fetus.
Finally, Langer et al.23 provided the clinical support for this
concern. It was demonstrated that in patients entering therapy
after the first trimester, the rate of anomalies was comparable
for insulin- and glyburide-treated patients, and similar to the
rate reported in the nondiabetic general population.

There are several retrospective and randomized studies in
the literature that have evaluated the use of first- and second-
generation sulfonylurea drugs and metformin in pregnancy.
Notolovitz14 studied the utility of tolbutamide, chlor-
propamine, diet and insulin in a randomized study with a
small sample size with relatively low power (each of the four
arms of the study contained c. 50 patients). There was no 
significant difference for perinatal mortality and congenital
anomalies. Good glycemic control was defined as a blood 
glucose level <150 mg/dL. Eighty percent of the subjects using

oral anti-diabetic agents or diet and 36% of the insulin-
treated patients achieved the targeted glycemic category (i.e.
<150 mg/dL).

Langer et al.23 performed a randomized study in which 
440 GDM women were recruited between 11 and 33 weeks
gestation with a singleton pregnancy (Table 28.3). The blood
glucose profile was comparable for the glyburide and the
insulin-treated groups (114 ± 9 versus 116 ± 22 mg/dL,
respectively). Patients were randomly assigned to receive
either glyburide (n = 201; initial dose 2.5 mg orally, increasing
by 5 mg/week up to a total of 20 mg) or insulin (n = 203; initial
dose 0.7 U/kg subcutaneously three times daily, increasing
each week as necessary) for glycemic control. Patients were
required to measure their glucose values seven times daily. The
targets for glycemic control were a mean blood glucose level of
90–105 mg/dL, a fasting blood glucose level of 60–90 mg/dL,
a preprandial blood glucose level of 80–95 mg/dL and a post-
prandial blood glucose level of <120 mg/dL. Both treatments
caused significant reductions in blood glucose levels compared
with levels measured at home for 1 week prior to initiation of
treatment. Mean blood glucose levels in the glyburide group
decreased from 114 to 105 mg/dL, whereas those in the insulin
group decreased from 116 to 105 mg/dL. Eighty-two percent
of the glyburide-treated and 88% of the insulin-treated 
subjects were able to achieve targeted levels of glycemia.
However, eight glyburide-treated women (4%) failed to
achieve the desired level of control early in the third trimester
and were transferred to insulin therapy. None of the patients
developed severe symptoms of hypoglycemia. However, in the
insulin-treated group a significantly higher rate of subjects
had 1–6% of their self-monitoring blood glucose determina-
tions values <40 mg/dL compared to the glyburide subjects. In
another study, using continuous blood glucose monitoring for
3 days, we reconfirmed our original findings; however, the
testing time was limited84 (Figure 28.1). The glyburide and
insulin groups had similar rates of pre-eclampsia (6%) and
Cesarean sections (23–24%). Neonatal outcomes did not differ
significantly between the two groups. The glyburide and insulin
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Table 28.3 Selected neonatal outcomes for insulin
and glyburide

Insulin (%), Glyburide (%), 
Outcome n = 203 n = 201

LGA 12.8 12.4
Macrosomia 4.0 7.0
Ponderal index >2.85 11.8 9.0
Hypocalcemia 1.0 1.0
Hyperbilrub. 3.9 5.5
Polycythemia 2.5 1.5
Intravenous glucose 11.0 14.0
Lung compliance 5.9 7.9
Respiratory support 2.5 1.5
NICU 7.4 5.9

All results were non-significant.
(Modified from Langer et al.23)
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groups had a similar incidence of large-for-gestational-age
(LGA) infants (12 vs. 13%) macrosomia (7 vs. 4%) lung 
complications (8 vs. 6%), hypoglycemia (9 vs. 6%), admission
to a neonatal intensive care unit (6 vs. 7%) and fetal anomalies
(2 vs. 2%).

This clinical study confirmed basic science studies that 
glyburide does not cross the placenta in significant amounts.
Glyburide was undetectable in cord serum to the level of
sensitivity of the test. As a quality control, simultaneous sam-
ples of maternal serum were obtained from 12 women at the
time of delivery to determine whether sufficient gradient
levels for glyburide exist. Maternal levels ranged from 50 to
150ng/ml. To ascertain any potential effect of glyburide on
fetal pancreas, insulin umbilical cord levels between the two
groups were compared. The mean cord serum insulin concen-
trations were similar for both groups.

Several clinical trials studied the effect of metformin as 
a single or combination therapy in pregnancy. The results of
the studies indicated a significant mean decline in plasma 
glucose concentrations.12,16,17 In one study,17 the failure of
metformin to achieve targeted levels of glycemic control was
53.8% for established diabetics and 28.6% in the GDM
patients. Apart from a high incidence of neonatal jaundice
requiring phototherapy, the infant morbidity in the metformin
group was low. The rate of LGA infants was double the rate
found in the authors’ general population. However, the LGA

rate was comparable in the metformin- and insulin-treated
patients, approaching 20%. Finally, the mothers of the three
infants with congenital malformations in the metformin
group initiated therapy in the third trimester.

In another study by the same authors, 12 patients treated
with metformin and glibenclamide alone, and the combination
of diet, metformin and glibenclamide were compared.
Patients who failed to achieve glycemic control with the oral
anti-diabetic agent therapy were transferred to insulin therapy.
The incidences of LGA neonates (>90th percentile) were 
15% (metformin), 27% (glibenclamide), 33% (combined
therapy group) and 41% (failed oral insulin-treated group).
The relative increase in the rate of LGA infants must be
explained by the severity of the disease and the higher rate of
poorly controlled subjects in the combination- and insulin-
treated groups. Neonatal hypoglycemia is defined as 
<25 mg/dL: the overall rate of neonatal hypoglycemia was
11.5%, with the highest rates for the patients treated 
with glibenclamide (27%) and combination therapy (gliben-
clamide and metformin) (18%), and the lowest rate in 
metformin-treated patients (5%). The high rate of neonatal
hypoglycemia corresponds with a rate of LGA infants reported
in our study, suggesting that a significant number of their
patients were in suboptimal glucose control.

Will glyburide be as effective as insulin at all severity levels
of GDM? And, is there a dose limitation above which the 
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efficacy of glyburide will decrease in comparison to insulin?
We found that glyburide and insulin are equally efficacious for
GDM treatment at all severity levels of diabetes when FPG on
a GTT was between 95 and 139 mg/dL. As the level of disease
severity increases, the success rate for achieving established
levels of glycemic control decreases. The majority of patients
(71%) will require, on average, up to 10 mg daily dose of
glyburide to achieve established levels of glycemic control.
Stratifying patients by GDM severity no significant difference
was found in neonatal size, metabolic complications, and the
composite outcome between the two treatment modalities.

For adjustment of the potential confounding effects of
several factors, we performed logistic regression analysis when
the primary outcome was LGA. We found that the mean blood
glucose, severity of GDM (categorized by the fasting plasma
from the OGTT), previous macrosomia, and weight gain in
pregnancy, were the only significant contributors. Again, treat-
ment modality, parity and pre-pregnancy weight (BMI) were
found to be non-contributors. Therefore, reaching established
levels of glycemic control and not the mode of therapy is the
key to improving pregnancy outcome in GDM women.85

Several studies have sought to identify the predictors of
glyburide therapy failure. Rochon et al.86 studied 101 GDM
women requiring pharmacological therapy while testing
4/daily. Criteria for success was achieving fasting between 
60 and 90 mg/dL and 2-h postprandial <120 mg/dL.
Seventy-nine percent of the women achieved targeted levels of
glycemic control. The authors concluded that ‘predicting 
glyburide failure is difficult, but failure does not appear to be
associated with increased adverse pregnancy outcomes.’
However, in this study, pregnancy outcome included shoulder
dystocia 10%, macrosomia (in the success group) 16%,
Cesarean delivery approximately 40%. These outcome rates
are higher than expected in well-controlled diabetic women.

Kahn et al.87 analyzed 95 GDMs receiving glyburide therapy.
The overall success rate was 81%. Criteria for failure were 20%
of fasting blood glucose determinations at ≥95 mg/dL and 
1-h postprandial ≥140 mg/dL. Patients were instructed to take
the glyburide 30 min prior to breakfast and dinner when the
initial dose was individualized based on patient weight and
degree of hyperglycemia. This administration criterion is
unconventional and deviates from standard recommenda-
tions in the literature. The perinatal outcome was associated
with 27% LGA and 12% pre-eclampsia. Their conclusion was
that ‘glyburide was more likely to fail in women diagnosed in
pregnancy of older age, multi-parity, with higher fasting glucose’.
Is it possible that with the above perinatal outcomes, the
majority of patients were undiagnosed Type 2 diabetic women?

Chmait et al.48 in 46 patients, evaluated failure of glyburide
therapy. Failure was defined when the maximum glyburide
dose could not maintain fasting plasma <110 mg/dL and 1-h
postprandial <140 mg/dL. Approximately 81% of the patients
achieved these goals. Jacobson et al.55 with 122 women on
insulin and 137 treated with glyburide instructed patients to
test blood glucose 4/daily: fasting and either 1- or 2-h postpran-
dial (per individual provider preference). Targeted goals were
fasting 100 mg/dL, 1-h 155 mg/dL and 2-h 130 mg/dL. Eighty-
six percent of glyburide and 63% of insulin patients achieved
these goals. However, the reported macrosomia rate was 25%.

Recently, we sought to identify predictors of treatment 
failure in GDM in 379 glyburide treated women. Failure of
glyburide therapy is largely dependent upon the physician’s
ability to recognize and adequately adjust the glyburide dose.
Physician intervention can preclude an avoidable failure.
GDM severity, obesity, early gestational age at diagnosis,
maternal age, and parity are all known factors that influence
the success rate in treatment of the diabetic patient independent
of pharmacological agent. All of these were found to be 
non-contributing variables of the failure rate of glyburide
therapy88 (Figure 28.2).

We found an inverse relation between disease severity and
level of glycemia resulting in approximately 40% in the high
fasting category achieving targeted levels of glycemic control.
This was true for glyburide- and insulin-treated patients at
each level of severity. Of note, the success rate in the high
severity category is similar to that reported in the nonpreg-
nant Type 2 diabetics.

Obesity, in and of itself, is a precursor of potential adverse
outcome in pregnancy. Diet-treated GDM patients, overweight
(BMI 26–29) or obese (BMI =30), are associated with adverse
pregnancy outcome regardless of the level of glycemic control.
In contrast, for those treated with insulin therapy who achieve
established glycemic levels in pregnancy, outcome will be
comparable to those of normal weight patients.89 Patients who
achieved targeted levels of glycemic control had comparable
perinatal outcome for both treatment modalities. Therefore,
appropriate utilization of glyburide therapy in obese patients
will result in pregnancy outcome comparable with those
treated with insulin.90

Conclusions
Success in truly achieving level of glycemic control may vary
from study to study because of different criteria for success,
failure to administer the maximal dose, different doses and
administration algorithms, length of therapy, type of patient
(severity, ethnicity, and obesity), and comparable groups
(compliant vs. non-compliant subjects). Thus, studies reporting
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similar ‘success rates’ may result in significantly different 
perinatal outcomes which in turn may lead to erroneous 
conclusions on cause and causation.

Different oral anti-diabetic agents act via diverse mecha-
nisms of action. These drug characteristics provide a more
physiological approach to the treatment of Type 2 diabetes
and GDM. Furthermore, combination therapies will enhance
the effect of these drugs on glucose metabolism. Although 
sulfonylureas are the only oral agents that have been studied in
GDM women in randomized controlled trials, other oral 
anti-diabetic agents may have an even greater therapeutic
effect in controlling glycemic levels. Evidence suggests that
glyburide is as effective as insulin in maintaining desired
glycemic levels and results in comparable outcomes. However,
regardless of the mode of therapy, whole-patient care (glucose
monitoring, education, diet adherence, etc.) will determine
the overall success in managing this disease and maximizing
the quality of perinatal outcome.

In our experience, glyburide has become the drug of choice
for use in GDM when pharmacological intervention is
required, regardless of GDM severity level and obesity. The
non-invasive, cost-effective patient-friendly regimen lends
itself more readily to potential patient compliance.91 Although
both treatment modalities show comparable perinatal outcome,
it appears from our and other investigators’ experience that oral
therapy is more readily accepted by patients than insulin injec-
tions. However, failure to achieve established levels of glycemic
control, regardless of the choice of treatment modality and
physician failure to provide the appropriate drug algorithm
and dose will result in adverse perinatal outcome. In the near
future, we will require studies with appropriate sample sizes
and power that will evaluate different oral anti-diabetic drugs
in comparison to glyburide, combination therapies such as
glyburide and acarbose, glyburide and metformin and an oral
anti-diabetic agent with insulin to optimize patient/physician
choices in the treatment of diabetes in pregnancy.
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Introduction
Gestational diabetes mellitus (GDM), defined as ‘carbohydrate
intolerance of variable severity with onset or rest recognition
during pregnancy’1 occurs in almost 4% of all pregnancies in
the United States, but the actual prevalence may differ with
ethnicity and maternal age.2 Women with high blood glucose
levels experience a greater risk of adverse maternal and fetal
outcomes, including pre-eclampsia, Cesarean delivery, macro-
somia, congenital anomalies and increased risk for future
development of Type 2 diabetes.3 The most common and 
significant neonatal complication clearly associated with
GDM is macrosomia.4 The greatest danger of macrosomia lies
in its association with increased risk of birth injuries and
asphyxia. In untreated GDM the risk of macrosomia is as high
as 40% of neonates.5 In addition, neonatal macrosomia is
associated with the metabolic syndrome of hyperinsulinemia
and deposition of fat in the visceral cavity.6 The literature has
documented that intensified management for GDM reduces
the rate of neonatal complications and can normalize 
birthweight.7 At the same time, others are concerned that
attempts at tight control can increase the risk for severe 
hypoglycemia that may also compromise the well-being of
both mother and fetus.8 Therefore, the goal of achieving desired
levels of glucose became a patient–care provider initiative.

Understanding ‘normality’: Glycemic
profile in normal and diabetic
pregnancies
Traditionally, in the management of diabetes complicating
pregnancy, various methods of glucose monitoring (urine
strips, plasma, capillary and, more recently, continuous glucose
monitoring (CGM)) as well as different timing have been 
proposed, including the measurement of fasting, preprandial,
postprandial, and mean 24-h blood glucose concentrations.1,9,10

Moreover, several authors have emphasized the association
between postprandial glucose determinations and pregnancy
outcome.11,12 Interestingly, these recommendations were not
evidently based on the extent of deviation from normal
glycemic physiology, but rather on the association between
pregnancy outcome and various measures of glucose levels.

Diurnal glycemic profile in
nondiabetic pregnancies
Until recently, only a paucity of data existed concerning the
normal glycemic profile in nondiabetic pregnancies.13–15

Moreover, these pioneering studies included small sample
sizes in a hospital setting, under strict diet limitations; and in
fact, some of the evaluated subjects were diabetic,13 in addition,
collected data included only a single day of evaluation during
the third trimester. Moreover, no stratification was performed
for maternal obesity. In a more recent study16 the maternal
glycemic profile was evaluated using self-monitoring blood
glucose in non-obese nondiabetic women during the third
trimester suggesting a gradual increase in daily mean glucose
during this time.

In a recent study, Yogev et al.17 used continuous glucose
monitoring in nondiabetic obese and non-obese gravid
patients. Fifty-seven gravid women were studied, and eligibility
was limited to women with singleton pregnancies, after 
completion of 20 weeks of pregnancy, with normal GCT
(<130 mg/dL) or normal OGTT. Women diagnosed with
GDM in prior pregnancies were excluded. During the study
period, all women were asked to refrain from lifestyle 
modification or dietary restriction. Patients were connected
for 72 consecutive hours and were unaware of the results of
the sensor measurements during the monitoring period.
During this period, they also performed fingerstick capillary
glucose measurements in the morning after overnight fasting
and 2 h after meals (six to eight times per day) using a
reflectance monitor and self-coded the data into the monitor.

Continuous glucose
monitoring during
pregnancies complicated 
by diabetes mellitus
Yariv Yogev, Rony Chen and Moshe Hod
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Quality control measures of glucose levels from the meter,
sensor, and plasma glucose were performed at the initial time
of connection to the continuous glucose monitoring system
and again at study completion.

The continuous glucose monitoring system (MiniMed,
Sylmar, CA) was used in all cases. The system measures 
glucose levels in subcutaneous interstitial tissue. It is composed
of a disposable subcutaneous glucose-sensing device and an
electrode impregnated with glucose oxidase connected by a
cable to a lightweight monitor. The system takes a glucose
measurement every 10 s, based on the electrochemical detection
of glucose by its reaction with glucose oxidase (Figure 29.1),
and stores an average value every 5 min, for a total of
288 measurements each day. The time delay between glucose
values of venous plasma and subcutaneous concentrations is
given with maximal 5 min. The software for the download of
the sensor data takes this delay into consideration, avoiding
the need for further corrections. It has been demonstrated that
the correlation coefficient (r) between the glucose measure-
ments by the sensor and meter was 0.93 ± 0.04, and between
the plasma glucose, reflectance meter monitoring, and sensor
recording, 0.91 ± 0.02.18 The patients were instructed to 
code the time of food intake at the beginning of the meal into
the monitor. The patients’ level of physical activity was 
not standardized and all were instructed to go about their
normal daily routines.

Approximately 750 glucose determinations were obtained
for each subject during this time period. Thus, ambulatory
glycemic profile during second half of pregnancy was charac-
terized enabling defining normal glycemia in pregnancy
(Table 29.1). When we further analyzed the glycemic profile
we found no difference in preprandial values during the day
and significantly lower mean blood glucose levels during the
night time (23:00 pm to 06:00 am) in comparison to day 
time (Table 29.1). These findings are lower than previously

reported13,14 but in agreement with others.15 Thus, our data
may provide the actual unbiased characterization of glycemic
profile in the second half of pregnancy which may imply the
level of glycemia to be aimed for in the pregnant diabetic in
order to mirror normoglycemia.

Postprandial glycemic profile: A hint
for improved management?
A review of the literature suggests that the risk of macrosomia
rise as maternal glycemia increase.19–21 Specifically, the risk of
macrosomia appears to increase with increasing postprandial
glucose levels.22–24 Thus, the American Diabetes Association
(ADA) recommends postprandial glucose monitoring in 
pregnancies complicated by diabetes.1
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Figure 29.1 Twenty-four-hour glucose monitoring using the continuous glucose monitoring system.

Table 29.1 Ambulatory glycemic profile and 
postprandial glucose levels in nondiabetic pregnancies17

Parameter

Mean blood glucose (mg/dL) 83.7 ± 18
Fasting glucose (mg/dL) 75 ± 12
Preprandial glucose (mg/dL) 78 ± 11
Peak postprandial glucose value (mg/dL) 110 ± 16
Peak postprandial time (min) 70 ± 13
Mean blood glucose of 3-h postprandial 98 ± 12

measurements (mg/dL)
1-h postprandial glucose value (mg/dL) 105 ± 12
2-h postprandial glucose value (mg/dL) 97 ± 10
3-h postprandial glucose value (mg/dL) 84 ± 14
Mean blood glucose – night-time (mg/dL) 68 ± 10
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Additionally, controversy exists regarding the most appro-
priate postprandial timing that correlates the best to perinatal
outcome: 1-h or 2-h postprandial glucose determinations.
Same controversy exists with regard to the appropriate threshold
(<140 mg/dL in 1-h and <120 mg/dL 2-h postprandial) to
define normality.22,24–26 Ben-Haroush et al.27 demonstrated
that the time interval from meal to peak postprandial glucose
levels (approximately 90 min) was similar in all the evaluated
types of diabetic pregnancies (Type 1, GDM insulin-treated or
diet only) and is not affected by the level of glycemic control.
Moreover, no difference was obtained in postprandial
glycemic profile between breakfast, lunch or dinner. We recog-
nize that future studies should look for the association
between postprandial glucose values at 90 min and pregnancy
outcome prior to recommending 90 min as the proper time
for postprandial glucose analysis. Now that more rapid-acting
insulin analogs are available, it is possible to blunt the peak
postprandial glucose response without fear of subsequent
hypoglycemia. The timing of the peak response is yet to be
agreed upon. Once the timing of the highest blood glucose
levels of the day in pregnant diabetic women are known, then
treatment strategies to minimize this peak, and thus minimize
the risk of macrosomia, can be developed. Yogev et al.17 demon-
strated that in nondiabetic gravid subjects that peak glucose
value is achieved at approximately 70 min postprandial at a
mean glucose level of 110 mg/dL. Therefore, should the post-
prandial threshold be modified in GDM patients, or should
the targeted postprandial values in the pregnant diabetic
remain higher than the postprandial values found in nondia-
betic women rationalize further study? The controversy
remains, however, as to the exclusive role of maternal glucose
in the etiology of macrosomia. In fact, there are still reports
that macrosomia can manifest ‘despite normoglycemia’.5,21

The use of CGM for treatment
evaluation
The wide range of glucose values obtained with the use of the
CGM provides the opportunity to identify both unrecognized
hyperglycemia and hypoglycemic events in comparison to
self-monitoring blood glucose.

Undetected hyperglycemia
In pregnancies complicated with Type 1 diabetes, Yogev et al.18

demonstrated a mean total time (192 ± 28 min/day) of unde-
tected hyperglycemia (glucose levels >140 mg/dL) identified
by CGM. The approximate 3-h hyperglycemia recorded
throughout the day would not be recognized if self-monitoring
blood glucose was used alone. Furthermore, when GDM
patients were evaluated28 the mean total time of hyper-
glycemia was 132 ± 31 min/day for insulin treated GDM and
94 ± 23 min/day for GDM patients treated with diet only. One
possibility that macrosomia has persisted despite intensified
care protocols is that we miss times during the day when 
glucose levels are elevated. These events were discovered to be
unscheduled meals not detected by conventional self-blood 
glucose protocols. Furthermore, these elevations of blood 

glucose often occurred shortly after patients took fasting and
postprandial finger stick glucose determinations that indi-
cated that their glucose levels were in the target ranges.
Importantly, no correlation was found between higher levels
of HbA1c and hyperglycemic episodes, another finding sup-
porting the weak association between HbA1c and glucose level
monitoring in pregnancy.

Undetected hypoglycemia
Despite years of meticulous study, there is still a paucity of
information regarding the optimal level of glycemia in diabetic
pregnancy which clinicians should target to safely reduce
maternal and perinatal morbidity. Strict metabolic control in
this patient population has been associated with an increased
risk of maternal hypoglycemia. Rosenn et al.8 reported signif-
icant hypoglycemia, defined as hypoglycemia requiring 
assistance from another person, in 71% of gravid patients with
Type 1 diabetes with a peak incidence in the first trimester.
In our study, using CGM, in Type 1 gravid patients, hypo-
glycemic events were recorded in 76% of the patients, most of
the episodes were nocturnal, some of them asymptomatic.18

Interestingly, in all cases, an interval of 1-4 h preceded clinical
manifestations. When GDM patients were assessed, hypo-
glycemic events were recorded in 58% of the patients, all of
them insulin-treated.28 The impact of maternal hypoglycemia
on human fetal development and neonatal outcome has not
been extensively studied. Although concern about the hazards
of hypoglycemia are related primarily to the pregnant mother,
the potential effects on the developing fetus need to be 
considered as well. In order to estimate the prevalence of
undiagnosed, asymptomatic hypoglycemic events that occur
in diabetic patients and to evaluate whether the rate of
asymptomatic hypoglycemic episodes vary under different
modalities of treatment for gestational diabetes, Yogev et al.29

conducted a study using CGM on GDM patients treated with
glyburide, insulin or diet only. Asymptomatic hypoglycemic
events were found to be common during pharmacological
treatment in GDM. However, patients treated with glyburide
had significantly fewer asymptomatic hypoglycemic events
than insulin-treated patients. Patients treated with diet alone
and in nondiabetic women, no hypoglycemic events were
identified. Our findings may be explained by treatment
modality as the side effect of pharmacological glycemic 
control during pregnancy rather than by the pathogenesis 
of the disease.

Algorithms for management using
continuous glucose monitoring
Kaufman et al.30 demonstrated that CGM could serve as a
clinical tool for clinical decision-making and glycemic control
in children with Type 1 diabetes. In another recent work,
Hershkovitz et al.31 demonstrated the clinical implications of
CGM use to assess and manage asymptomatic hypoglycemic
events in children with glycogen storage disease. Jovanovic 
has showed that CGM profiles allowed the physician to iden-
tify glucose patterns and to better target diabetic treatment.
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The treatment changes would not have been made on the basis
of meter data alone.32

In a pilot study, Yogev et al.33 studied eight women with
diabetes in pregnancy, of whom six were Type 1 and 2 were
GDM. Data derived from the CGM for 72 h were assessed and
treatment was adjusted on the basis of the findings. Two to
four weeks later, the patients were re-evaluated with CGM. In
the second time period, a significant reduction in mean blood
glucose, hypoglycemic events and duration of undetected
hyperglycemia was demonstrated. Recently, Kerssen et al.34

reported that since there is a wide variability in the day-to-day
glucose levels of pregnant women with Type 1 diabetes, the
use of CGM raises a problem for adjustment of therapy. They
concluded that fine-tuning of insulin regimens based on 3-day
measurements with the CGM method is not advisable.

In order to respond to the subheading query above, several
conditions need to be met. A sample size should be large
enough to provide data on pregnancy outcome; the study
should include at least two groups: one using self-monitoring
blood glucose and the second CGM and glucose testing must
be performed throughout pregnancy since a 3-day testing
cannot predict level of glycemia. These are the limitations of

the current research using CMG. However, we need to be
mindful that CGM is still an experimental measure and not 
a routine clinical tool. The frequency needed for CGM moni-
toring in diabetic pregnancy and its hypothetical advantage
over self-monitoring blood glucose in enhancing pregnancy
outcome still needs to be demonstrated. A large prospective
study on maternal and neonatal outcome is needed to evalu-
ate the clinical implications of this new monitoring technique.

Conclusions
Many physicians have had the experience of managing women
with GDM who appeared to have good glycemic control based
on their SBGM diaries and HbA1c; nonetheless, these women
still delivered a macrosomic infant. It may be that using CGM
in GDM women can reveal high postprandial blood glucose
levels unrecognized by intermittent blood glucose determina-
tions. CGM shows where and how hyperglycemia that might
contribute to neonatal complications is occurring, and provides
a useful tool to help educate patients in behavior modifications
that can improve compliance with the management regimen.
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Introduction
The management of diabetes in pregnancy, as put forward by
the ‘St. Vincent’ declaration, is aimed at achieving near normal
pregnancy outcomes.1 Although a decrease in the rates of major
malformations, and spontaneous abortions had occurred vis 
a vis improvement in glycemic control, the goals have not yet
been achieved.2,3 Only 40–60% of women with pre-existing
diabetes achieve optimal glycemic control while pregnant.4

One of the major barriers to achieving the St Vincent goals
for pregnancy is the failure to timely obtain physiological
glycemic targets.5 Recent studies using continuous glucose
sensing technology have shown that physiological glycemic
levels are lower than the treatment targets set for the manage-
ment of diabetes in pregnancy.6 There is also a discrepancy
between the guidelines HbA1c goal of <7% on the one hand
and the requirements to maintain blood glucose levels within
the normal (nondiabetic) range on the other hand, which
entails a HbA1c level of less than 5.5%.6,7

Obtaining physiological glucose levels, safely, during 
pregnancy is difficult as major barriers are:

● Increasing rates of hypoglycemia
● Narrow glycemic range
● Variability in insulin absorption from the nonphysiological

subcutaneous insulin delivery depot
● Changing insulin requirements during pregnancy, due to

weight gain and increasing insulin resistance
● Pregnancy-related gastrointestinal problems, e.g. hyperemesis

gravidarum, reflux disease

This chapter reviews the benefits of using a continuous 
subcutaneous insulin infusion (CSII) – an insulin pump – for
addressing the above obstacles. Given the paucity of studies
addressing the use of insulin pump therapy specifically 
in pregnancy, we also rely on data from nonpregnant Type 1
diabetic patients.

CSII decreases the rates of
hypoglycemia
Hypoglycemia is a major problem in pregnant women,8

secondary to both the intensification of insulin treatment and
to the decline of the counter-regulatory response to hypo-
glycemia during pregnancy. Rates of severe hypoglycemia has

been reported to reach 71% of pregnant women, in whom
glycemic goals were set at 100 mg/dL fasting and 140 mg/dL 
at 90 min post-meal by Rosenn et al.9 They found an overall
incidence of 6.68 episodes per patient per pregnancy of severe
hypoglycemia, equivalent to an incidence of 894 episodes per
100 patient-years. The DCCT trial reported fewer cases:
58 cases of severe hypoglycemia per 270 pregnancies.

CSII has been consistent in showing reduction in hypo-
glycemia while maintaining low HbA1c. Bode et al.10

demonstrated a significant reduction in major hypoglycemic
events during the first year of CSII use when hypoglycemic
rates decreased from 138 episodes per 100 patient-years to 
22 episodes; a reduction that was sustained for at least 4 years.10

An approximately 80% drop in hypoglycemic episodes with
CSII was similarly described in the UK11 and Germany.12 This
reduction in hypoglycemia can potentially cause partial 
recovery of the counter-regulatory response responsible for
hypoglycemic awareness,13 further increasing the safety of
intensive insulin therapy. In the only prospective and random-
ized trial of CSII in pregnancy conducted more than 20 years
ago, a trend for less hypoglycemia with pump was noted,
although not powered to reach statistical significance.14

Increasing awareness of hypoglycemia and prevention of
hypoglycemia are, therefore, important indications for the use of
CSII in Type 1 diabetic patients, pregnant and nonpregnant alike.

Improvement in glycemic 
control with CSII
The current goals of glycemic control in pregnancy is defined
by the measurements of pre-meal and 1-h post meal capillary
glucose levels and HbA1c. Several meta-analyses of randomized
controlled trials in nonpregnant Type 1 diabetic patients15–17

indicate that CSII is advantageous over multiple daily injec-
tions of insulin (MDI) to obtain better glycemic control. The
average differences between CSII and MDI were reduction in
HbA1c of 0.5% and reduction in mean blood glucose concen-
tration of 18 mg/dL. Beyond the improvement in the above
glycemic indices, use of CSII also improves glycemic control
by decreasing glycemic excursions18 in nonpregnant diabetics
and in pregnancy as well.19 These glycemic excursions, have
recently been implicated as a cause for diabetes related com-
plications and the reduction in glucose excursions is currently
gaining importance as a therapeutic goal.20 Glycemic excur-
sions might also underlie diabetic fetopathy as malformations
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and macrosomia7,21 was reported in women with low HbA1c
but high excursions.

Though not all agree,22 it is generally accepted that 
reducing HbA1c and glycemic excursions are indications for
CSII in pregnancy.

CSII decreases variability in 
insulin absorption
Variability in the action of insulin can cause fluctuations in
glucose levels leading to the unpredictability of glucose levels.
The cause is multifactorial; among those described23 are dif-
ferent injections sites, physical activity, insulin preparations,
insulin dose, insulin handling and mixing. Continuous subcu-
taneous insulin infusion offers a precise and a reproducible
way of insulin administration resulting in less variability 
in absorption rates (<3%) in comparison to MDI.24,25

Contributing factors to the stability of insulin absorption is
the single site of a continuous low rate flow of insulin (preferably
a short-acting analogue) that prevents inter-regional variation
in absorption, prevention of a subcutaneous reservoir forma-
tion and thus preventing third-space dynamics. The use of the
distended abdominal region during pregnancy is not associ-
ated with clinically significant changes in insulin absorption.
CSII decreases glycemic variability by stabilizing day-to-day
insulin absorption.

CSII and pregnancy-related
adjustments in insulin requirements
Insulin requirements during pregnancy change significantly 
in comparison to the nonpregnant state. These changes are
caused by the physiological increase in insulin resistance that
accompanies pregnancy and the weight gain. The adjustment
of insulin treatment dose is complex because the increase is
not linear and there are in-between periods of reduction in the
insulin requirements. It is important to follow patients metic-
ulously and to change the insulin doses appropriately. During
gestation, the periods of decrease in insulin requirements are
around week 12 and during periods when food intake is
reduced. Notably, when patients suffer from hyperemesis gravi-
darum, particularly in the first trimester, and when the preg-
nancy induces reflux disorders later on in gestation, patients
suffer nausea and vomiting and thus decrease their food intake
and insulin requirements. These constant changes and the need
for sudden dose adjustments is best met by CSII which is 
currently the most flexible insulin delivery system available.26

Disadvantages of CSII
The major disadvantage of CSII is ketoacidosis resulting from
disturbance in insulin delivery. Though pump malfunction is
rarely the cause for ketoacidosis, occlusions of the infusion
sets and/or cannula by a mechanical kink or deposits can
cause nondelivery of insulin. In these cases occlusion detectors
provide alarms triggered by increasing pressure in the system.

More problematic, are low pressures; the more common cause
is dislodgement of the catheter, empty reservoir, air bubbles,
and back-flow along the Teflon catheter (tunneling). In these
cases the (currently used) alarms are not triggered. When the
insulin flow is abruptly stopped a rapid increase in blood glucose
is observed, especially when short-acting analogs are used.
Furthermore, in 2 h, a significant increase in ketones is observed
reaching dangerous levels above 1 mmole/L in 6 h.27–29 In preg-
nancy, due to the predisposition towards ketone production, the
increase might be earlier, with poor consequences for both the
mother and fetus. It is therefore imperative that pregnant dia-
betic women on CSII be compliant with blood glucose monitor-
ing (at least four times daily), as such monitoring will serve as a
timely detection of insulin delivery problems. When appropriate
patient selection is fulfilled then an actual decrease in ketoacido-
sis is observed in pregnant diabetic women on CSII.30,31

Additional problems encountered are a wide range of skin
reaction from mild irritations (‘tape allergy’) to subcutaneous
abscesses. Proper skin care and adherence to pump-use rules
will prevent and treat most of theses reactions. Special hypoal-
lergenic tapes and skin barriers are available to alleviate 
most problems. Skin reactions are not a significant cause for
discontinuation of pump use.

In 2006, the European Association of Perinatal Medicine
proposed the following indications and contraindications for
the use of CSII in pregnancy:
Indications

● Preconception use of CSII
● Insufficient goal attainment
● Recurrent hypoglycemia
● Instability and significant excursions of glucose levels

Contraindications

● Noncompliance with frequent glucose monitoring
● Non-adherence to follow-up
● Guaranteed supply of disposables and technical support

Insulin pumps: Hardware 
and disposables
Insulin pumps that are currently available carry the following
components:

● Insulin reservoir placed in the housing containing the pump
● Infusion sets
● Teflon cannula to a subcutaneous depot

The insulin pump weighs between 75 and 107 g. It holds the
insulin reservoir, the volume of which differs between 
the models and varies between 2 and 3 mL (200 and 300 U). As
the reservoir is changed every 2–3 days, the choice of model is
dependent upon the daily insulin dosage. As the daily use of
insulin at close to delivery averages 1.2 U/kg it is recommended
to choose pumps with 3-mL reservoirs. The different models
shown in Figure 30.1 have much in common. Differences can
be noted regarding reservoir volume and water compatibility.
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Infusion sets have various lengths and the choice will depend
on the patient’s height and pump positioning preference. Typical
lengths of the infusions sets are 23, 24, 31, 42, and 43 inches.

Most cannulas used today are made of Teflon, introduced
subcutaneously with a removable metal inserter. Cannulas of
older designs used metal needles that were less secured to the
skin and, currently, are used on rare occasions when patients
have skin reactions to the Teflon tube. The cannulas have two
basic designs: a straight in cannula that is inserted perpendi-
cular to the skin, and a slanted design inserted at an angle of
30–45. The length of the cannula varies from 9 to 12 mm for
the straight design and 13–17 mm for the slanted design. The
typical gauge is 27. Choice of the design depends on the
patient’s weight and subcutaneous tissue thickness. For preg-
nancy the 9 mm straight or slanted design is recommended.
A approximately 3 mm depth marks the subcutaneous 
delivery threshold.

The area of choice for insertion is usually the abdominal
area where the absorption is rapid and consistent, avoiding
areas of tissue scars and proximity (2 cm) to the naval area.

During pregnancy when the abdomen becomes too firm to
pinch up subcutaneous tissue, the upper outer thigh or hip
may be used instead. The upper arm is also an option, although
many people find that dealing with the catheter tubing is quite
awkward with an arm placement. The infusion sets should be
changed and insertion site rotated every 2–3 days.

Insulin pumps: Bolus calculators and
software
Bolus calculators
Strict control of postprandial hyperglycemia in pregnancy
requires complex calculation of the meal insulin dose: the

bolus dose. Among the multiple factors needed to be considered
in determining the bolus dose are (1) target blood glucose,
(2) current blood glucose, (3) carbohydrate-to-insulin ratios
(CIR), (4) total grams of carbohydrate (CHO) in the meal,
and (5) insulin sensitivity factors (ISF).32

Some of these factors are modifiable, such as the amount of
carbohydrates (CHO) to be consumed and planed exercise;
some are non modifiable, such as the insulin sensitivity, which
varies with the week of gestation and has diurnal variations.
Additional factor to be considered is the insulin-action time
(the pharmacodynamics) of the previous injected insulin
boluses (‘active insulin’).

Advanced insulin pumps (e.g. Medtronic Mnimed
Paradigm X12 and X22, Animas IR-1250) have integrated
bolus calculators that provide bolus decision support to the
patients. Using these calculators, the patient provides the
modifiable factor – meal CHO and the current capillary blood
glucose levels – and the calculator generates a recommended
bolus insulin dose based on predefined sensitivity factors,
glycemic targets, and considering the active insulin. Use of
bolus insulin doses computed by a bolus calculator, has been
shown to improve attainment of target postprandial blood
glucose but with fewer correction boluses and supplemental
carbohydrate.33

Insulin pumps: Software
An important component of up-to-date insulin pump therapy
is the computer-based information management system.
These systems include both the software and the hardware 
for uploading and downloading data. Incorporation of these
systems in the clinical setting enables the integration of
the ever-growing data accumulated during the daily use of
insulin pumps, and provides a unified platform useful 
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Figure 30.1 (A) Various types of insulin pump. From left to right: Animas IR-1250; Deltec Cozmo; ACCU-CHEK Spirit; Medtronic
MiniMed Paradigm 522/722 and OmniPod.(B) Various infusion sets.
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for clinical decision making and as an educational tool.
Input includes:

● Health team-generated information – basal rates, carbohy-
drate to insulin ratios, correction factors

● Information on patient’s pattern of insulin use – total 
daily insulin use, basal/bolus ratios, bolus patterns, pump
disconnection periods

● Information on the patient’s daily activity – meals, carbohy-
drate content of meals, exercise

● Glucose measurements either from self-monitoring blood
glucose (SMBG) or from continuous glucose monitoring
(CGM)

An illustration of such an information management system is
shown in Figure 30.2. In this system (e.g. CareLink Medtronic
Minimed) the patient can download the data collected on the
pump and on the glucose meter either at home or at the clinic.
Data is then sent over the Internet to a server that can be
accessed by an authorized physician. The integrated data can
then be seen and processed by the health-providing team
through different screens that enable clinical decision making.
As seen in Figure 30.3, the daily detail screen of the CareLink
data management system provides, in a single screen, the 
glucose levels measured by both the glucose meter and by the
continuous glucose sensor on the top, the insulin delivered as
basal and boluses in the middle, and the estimated carbohy-
drates ingested at each meal with exercise at bottom of the
screen. This comprehensive presentation assists in evaluating
and adjusting the needs of therapy (glucose levels, meals, and
exercise) with the measures taken: insulin delivery as basal and
bolus insulin. Additional computerized support systems are
currently under development.

Initiating insulin pump therapy
Timing of initiation of pump therapy
Preconception care to achieve stringent blood glucose has
been advocated in order to reduce the rate of malformations.33

As such, it is recommended that an insulin pump is initiated

at the preconception visits mainly to ensure that technical 
difficulties will be overcome by training prior to conception
thus avoiding unnecessary ketosis and hyperglycemia, and to
ensure proper patient selection. Nevertheless, initiation
during pregnancy, provided proper patients are selected, can
be achieved in an outpatient setting.34

Initiating basal rate
Management and prescription of insulin delivery by pumps
during pregnancy should be performed by experienced health
professionals, in a multidisciplinary set-up including a
fetal–maternal gynecologist, endocrinologist, diabetes nurse,
and a dietitian. Basal insulin is usually based on the following
considerations:

● Prevailing basal insulin dose
● Current glycemic control (HbA1c, SMBG)
● Timing in respect of gestational stage (preconception, week

of gestation)
● Extent of hypoglycemic events

In establishing the total basal amount, the following points
concerning daily insulin have to be considered: total long-
term acting insulin (Glargine), total intermediate acting
insulin (Determir, NPH), and the relative amount of the inter-
mediate acting insulin in the mixtures used (75% of
Humalog75/25, 70% of the Humulin/Novolin/Novalog 70/30,
50% of Humulin/Humalog50/50) (brand names might differ
in different countries).

In most cases the total basal insulin will consist of
50–60% of the total mean daily insulin used by the patient.
In adjusting the dosage for pump use it is usually recom-
mended to decrease the total dose by 20–25%. This 
adjustment can vary according to specific circumstances.
For example if the HbA1c is higher than the desired a smaller
correction (−10%) can be made. On the hand, if the total
insulin used is too high, as exemplified by recurrent 
hypoglycemia, high carbohydrate intake, or when restrictive
dietary measures are planned, the reduction of basal insulin
dose can be greater.
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Paradigm® 515 or 715 insulin pump

Paradigm link® blood glucose monitor

Paradigm link interface cable

Web-based access to the medtronic carelink®
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Figure 30.2 An information management system.
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Pregnancy is unique in the sense that profound changes in
insulin requirement are exhibited during gestation and that
these changes are not linear.35–37 As described in Table 30.1, the
first days post-conception are characterized by a slight decline
in subcutaneous MDI insulin requirements (median,
0.66 U/kg), following an increase to a first peak of 0.77 U/kg
by gestational week 7, declining to 0.69 U/kg at week 15.
Thereafter a gradual increase is noted till weeks 36–38 when

the average total dose is 1.0 U/kg ending by a small decrease 
at 38–40 weeks of gestation. These total insulin dosages are
averages and individual ‘tailoring’ of insulin requirements is
needed specifically to accommodate for severe weight gain.

Once the daily insulin requirements are calculated followed
by the 20% total dose reduction, 50–60% is then calculated as
the basal insulin to be delivered in 24 h. In nonpregnant Type
1 individuals the basal rate is not constant, rather, there is a
3-fold increase in the basal insulin requirements between 
6 and 9 a.m. (or earlier depending on the awakening time)
requiring changes in basal rate via insulin pumps from 4 to 7.38

This ‘dawn phenomenon’ relates to a circadian increase in 
glucose counter-regulatory hormones mainly GH. A second
increase in insulin requirements in noted in the late afternoon
(‘dusk phenomenon’) but the physiological explanation is not
as clear. Although no clear evidence for the persistence of the
above diurnal variation in basal insulin requirements into
pregnancy, in clinical practice, most pregnant women will
require at least three infusion rates in a 24-h period,36 with a
low basal rate from midnight to 4 a.m., increasing in the early
morning hours and back to the average at around 8–9 a.m.

As an example, a 32-year-old P2G2 Type 1 diabetic patient
in her 17th week of gestation is currently using two NPH
injections a day, 14 in the morning and 10 at dinner time and
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Figure 30.3 Daily details as seen with the CareLink data management system.

Table 30.1 Variation in insulin requirements from
preconception to end of pregnancy

Week Insulin requirements (U/kg) (median)

Preconception 0.7
4 0.64
7 0.77
15 0.69
16–26 0.8
26–36 0.9
36–38 1.0
38+ 0.9
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three injections of meal-time Humalog daily. She is 
refereed for CSII because of poor glycemic control: HbA1c
7.2% (upper normal, 6.5%), mean glucose 152 with 
night-time hypoglycemia. Her weight is 65 kg. Basal insulin
requirements are as follows.

Total daily basal insulin: 14 + 10 = 24 U.
20% basal insulin reduction for CSII: 24 − (24 × 20/100) =

19.2 U
19.2 U in 24 h is equivalent to 19.2/24 = 0.8 U/h

In order to validate the basal insulin calculations they can 
be compared with the average gestational week insulin
requirements:

Average insulin requirements at week 17 = 0.8 U/kg or 
0.8 × 65 = 52 U

Decrease by 20% for CSII 52 × 80% = 41.6 U
50% of total insulin requirements as basal is 41.6 × 50% =

20.8 U

The basal insulin dose is close to the average requirements.
A suggested basal rate program is given in Table 30.2.

Establishing bolus calculations
Bolus calculations should involve health care professionals
experienced in insulin pump therapy and carbohydrate count-
ing and assessment. In general the bolus insulin is composed
from the correction bolus, i.e. the amount of insulin needed to
decrease a specific level of glucose to the desired glucose level
and the meal bolus which is the required amount of insulin 
to match the glycemic load of the meal.

The correction bolus is determined by an empiric factor
formulated by Dr Paul Davidson based on the total daily
insulin dose (TDD) and signifies glucose utilization 
by insulin, i.e. glucose sensitivity (thus some use the term 
‘sensitivity factor’). If short-acting insulin analogs are used the
correction factor is derived by the dividing 1700 by TDD (for
human insulin, use 1500). A correction factor approximates
the amount of glucose in mg% that will decrease by injecting
1 U of insulin. Thus a correction factor of 50 signifies a 
50 mg% reduction per unit of insulin analogue injected. If
the patients glucose levels is 150 mg% above the target 
(i.e. 250 mg%) 3 U of insulin (150/50 = 3) are needed.

The meal bolus is the approximation of the dose of insulin
needed per amount of carbohydrate ingested. Much of this

approximation is achieved individually by careful follow-up
and adjustments. Here two empirical ‘rule of thumbs’ apply:
the ‘500 rule’; that is, by dividing 500 by the TDD one can
approximate the ratio of ingested carbohydrate (in grams)
covered by 1 insulin unit (CIR).

For example, the 32-year-old P2G2 Type 1 diabetic patient
in her 17th week of gestation whose TDD is 52 plans to have 
a lunch consisting of 60 g of carbohydrates, and her current
premeal glucose is 145 mg%. In order to approximate her
bolus dose one has to calculate the CF and the carbohydrate:
insulin ratio (CIR):

Correction factor (CF) is 1700/52 = 32
Carbohydrate:insulin ratio is 500/52 ~ 10
Correction bolus is calculated by subtracting the current

glucose levels from the target glucose and then dividing
by the CF; 145 − 90 = 55, and 55/32 = 1.7 U

Meal bolus is calculated by dividing the meal carbohydrate
content be CIR: 60/10 = 6 U.

Total bolus is therefore the sum of the correction and the
meal boluses: 6 + 1.7 = 7.7 U

The advantage in using a bolus calculator built into the
insulin pump software is that it enables these calculations to
be done simply by inputting the current glucose levels and the
amount of carbohydrates in the planned meal. Beyond the
advantage of the bolus calculators, simplifying calculations to
the patient, one can program different CF and CIR during the
day. This is an important feature during pregnancy were the
morning insulin needed to cover carbohydrate is noted to be
much higher than during the rest of the day. Additionally, as
described before, the calculators take into account active
insulin from previous boluses, decreasing the amount of active
insulin present from the calculated bolus, thus preventing
overbolusing when correcting for high blood sugars. A typical
program of CIR and CF fed into the bolus calculators is 
presented in Figure 30.4.

Optimizing insulin therapy during pregnancy
Following the initial set up of the basal rate CF, CIR, and the
glucose goals, the patient returns for the fine tuning of
the pump. In order to optimize the basal rate one can observe
the pattern of the preprandial glucose either from SMBG or
from continuous glucose monitoring. The latter is especially
useful for determining and fine tuning the overnight basal
rate. Additional technique is meal skipping; that is, a meal is
postponed and the glucose trend is followed either by SMBG
every 30 min or by using continuous sensors. If the glucose
trend is upward then an increase in the basal rate is needed,
the opposite is needed when a downward trend in noted.
Changes are usual done in steps of 0.2 U/h.

For optimizing the bolus dosage there should be track of
the food intake either by food diaries or by following the 
carbohydrate entries downloaded from the pump software.
If the diabetic patient’s postprandial glucose levels are above
target, the adequacy of carbohydrate content estimation of the
meal is revised. Further education in carbohydrate counting is
called for when the patient cannot estimate adequately the
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Table 30.2 Suggested basal rate program

Time of day Insulin (U/h)

0000–0400 0.4
0400–0800 1.4
0800–1800 0.8
1800–2200 1.0
2200–2400 0.8
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carbohydrate content of food. If the carbohydrate content is
adequately assessed, than tweaking of the correction factor or
carbohydrate insulin ratio is needed. This fine tuning necessi-
tates the estimation of different correction factors at different
time periods during the day. For example, the sensitivity factor
is usually lower in the morning, so is the carbohydrate:insulin
ratio. Throughout the gestation, the total daily insulin dose
can be adjusted to match the gestational needs.

Pump use during labor and delivery
Maintaining euglycemia during the peripartum is essential for
the prevention of neonatal hypoglycemia. When the pregnant
diabetic woman enters active labor the insulin requirements
fall drastically while the glucose infusion rate necessary to
maintain a blood glucose level of 70–90 mg/dL was found to be
constant at 2.55 mg/kg/min.39 Protocols for maintaining eug-
lycemia during labor are usually based on i.v. infusion of glu-
cose, to maintain glucose consumption, and low rate of insulin
(1–4 U/h) with no more subcutaneously administered insulin.

The low rate of insulin required can be administered by the
pump using a temporary fixed basal rate. Feldberg et al.,40 in a
small trial, showed a decrease in neonatal hypoglycemia using
CSII compared with an intravenous regimen. The choice
between i.v. insulin protocol and continuation of CSII
depends on the familiarity with insulin pumps and the 
practice at the maternity ward.

Postpartum there is a rapid decline in insulin resistance, thus
patients should be instructed to activate a postpartum basal
program following placental expulsion. This basal rate is usually
a reduction by 30–50% of their third trimester basal rate. When
the mother is nursing the higher level of decrease (50%) will be
required. During the period following the delivery, mothers
tend to have a more erratic daily schedule, at times neglecting or
omitting insulin injections with inevitable decrease in glycemic
control. It was therefore a very positive finding that women who
opted to continue with CSII postpartum maintained good
glycemic control in comparison to those who retuned to insulin
injections.34 Insulin pump therefore is a preferred choice for
tight glycemic control during pregnancy and postpartum.
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Figure 30.4 A typical program of carbohydrate:insulin ratio (CIR) and correction factor (CF) fed into the bolus calculators.
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Insulin requirements during
pregnancy
Although women with diabetes need to manage their blood
glucose at all times, it is even more important prior to and
during pregnancy, as blood glucose extremes can have an
enormous effect on the health of the fetus. Preconceptional
counseling and care are of extreme importance when 
a woman with Type 1 diabetes is planning a family.
Preconception counseling and glucose control is essential
because once pregnancy is diagnosed organogenesis is nearly
completed. Poor blood glucose control during organogenesis
can lead to both spontaneous abortions and congenital 
malformations.1 Frequently, women do not know that they 
are pregnant prior to the end of organogenesis. Without 
preconception glucose control, up to 25% of pregnancies may
be affected.2

When a woman is pregnant, she must avoid both hypo-
glycemia and hyperglycemia. Severe hypoglycemia has been
associated with an increased risk of maternal death.3

Hyperglycemia on the other hand, while it does not have 
an immediate affect on the mother, can have drastic affects on
the fetus.

Hyperglycemia in the mother leads to hyperinsulinemia in
the fetus.1 Fetal hyperinsulinemia is implicated in fetal com-
plications such as macrosomia (high birthweight), respiratory
problems, cardiac myohypertrophy, and birth trauma.1

According to a study by Jovanovic et al.4 the best way to 
prevent macrosomia is to maintain postprandial normo-
glycemia. The risk of macrosomia is lowest when, during the
second and third trimester, mothers are able to keep their 
glucose levels less than 120 mg/dL 1 h after a meal and less
than 90 mg/dL when fasting.

Near the end of the first trimester of pregnancy, maternal
insulin needs decrease. This decrease in insulin requirement
was first noted by Jorgen Pedersen,1 who warned other 
physicians to be aware of hypoglycemic events in women with
diabetes, as it might be a sign of pregnancy. While the insulin
requirements drop in the end of the first trimester, the woman
becomes more insulin resistant and will require increasing
amounts of insulin to maintain glucose control throughout
the remainder of the pregnancy.5 The amount of insulin
required will almost double by the end of the third trimester.5

This increase in insulin resistance is due in large part to the
presence of anti-insulin hormones that appear during preg-
nancy, including prolactin, human chorionic somatomam-
motropin (hCS), progesterone, and estrogen.1,6 Thus,
additional insulin is required to compensate for this increase
in insulin resistance.

One way to achieve this desired control is through the use
of standing orders, pre-approved algorithms that determine
the amount of insulin to be given to the pregnant woman
based on weight, weeks of gestation, and food intake. The 
following figure is a standing order for calculating the total
amount of insulin to be given during a day, broken up
between basals and boluses (Table 31.1).7

One way to maintain normal glucose levels in women with
diabetes during a crucial time such as pregnancy is through
the use of an artificial pancreas.

History of the artificial pancreas
If diabetes is caused by nonfunctioning pancreatic beta cells,
what could be a better treatment for the disease than mimicking
the normal function of those beta cells? This solution is the
ultimate goal of many diabetes researchers around the world:
the development of an artificial pancreas.

The artificial pancreas, which can either be implanted
within the body or placed outside of the body, must have three
components. The first component is a device that measures
the glucose concentration in the body both with precision and
speed. This glucose-sensing unit would record readings con-
tinuously in order to make sure the second component of the
artificial pancreas, the insulin-delivery component, receives
accurate directions. The insulin pump would have to store and
deliver precise amounts of insulin based upon the readings of
the glucose sensor in a manner that is both safe and timely.
A selection of continuous glucose monitors and insulin infu-
sion devices is shown in Figures 31.1 and 31.2. The third, and
most complicated piece of the artificial pancreas, is the piece
that in essence ‘closes the loop’. This component must contain
an algorithm or control system that has the ability to take the
data gathered by the glucose sensor either directly or wirelessly
and determines an appropriate amount of insulin to be deliv-
ered by the insulin pump (Figure 31.3).
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A review article by Shalitin and Phillip8 gives an excellent
history of attempts at and improvements upon the develop-
ment of an artificial pancreas. The first major attempt at the
artificial pancreas was made in the early 1970s with the
Biostator™, a glucose-controlled insulin infusion system
which relied on glucose-sensing equipment and an algorithm
dependent on the rate of change of the glucose readings to
determine the amount of insulin to be delivered.9,10 One
major drawback with this system was that the Biostator™ was
far from being portable. Both the glucose readings and insulin
delivery were performed intravenously. Hence, the system is
used only for research purposes such as glucose clamp studies
or to study insulin requirements during labor.

Later in the 1970s, the first external portable pumps were
introduced.11 However, these too were excessively large and
unreliable. More recently pumps with adjustable basal levels
were introduced, closely mimicking normal insulin physiol-
ogy, as insulin requirements change during different parts of
the day. While these newer pumps are portable and more

effective, it is still necessary to regularly maintain the device
and to make sure the insulin is being delivered to the body.
Possible failures, such as a clogged or dislodged catheter, mean
that the patient must still pay close attention to and continu-
ally check the effectiveness of the pump.12 In order to dimin-
ish the danger of hyperglycemia resulting from a dislodged
catheter, pregnant patients can take NPH insulin at night and
turn down their basal. Newer insulin pumps are being tested
that are implanted inside of the patient. These pumps are
associated with improved glycemia because intraperitoneal
delivery of insulin works faster than insulin delivered subcuta-
neously,13 though still not as fast as insulin delivered directly
into the blood stream.14

The glucose sensor remains the main limiting factor in the
development of a commercially viable closed-loop system, as
presently available sensors fail to demonstrate satisfactory
characteristics in terms of reliability and/or accuracy.15 Many
non-invasive methods of obtaining blood glucose concentra-
tions have been tested. One of the first of these methods used
the optical sensor that worked on the premise that the absorp-
tion of near-infrared light is directly correlated to the concen-
tration of glucose in the body. This device has problems with
interference when gathering its data and during the calibra-
tion process, thus rendering it an unfeasible option in the
development of an artificial pancreas.16 One glucose sensor
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Figure 31.1 A selection of popular continuous glucose
monitors.

Table 31.1 Insulin dosage regimen for diabetic pregnancy

Insulin dosage regimen for diabetic pregnancy

1. Pregnancy NPH plus rapid-acting insulin schedule Patient weight in kg = Date & Time:
Big I = total daily units of insulin
Circle One: Gestational weeks = 0–12 13–28 29–34 35–40 OTHER

k = 0.7 0.8 0.9 1.0
Calculate desired units of insulin from above line.

Big I = _____(k units × weight kg)/24 hours
Big I = Basal insulin requirement + Bolus (meal-related) insulin requirement 
Basal = 1⁄2 Big I, Bolus = 1⁄2 Big I
Basal: Divide so that 1/6 of Big I is NPH given before breakfast, 1/6 of Big I is NPH given before

dinner, and 1/6 of Big I is NPH given before bedtime.
Bolus: Divide so that 1/6 of Big I is rapid-acting insulin given before breakfast, 1/6 of Big I is rapid-

acting insulin given before lunch, and 1/6 of Big I is rapid-acting insulin given before dinner. The rapid-
acting insulin is then titrated based on the blood glucose.

Figure 31.2 A selection of popular insulin infusion devices.
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that performed its job to a satisfactory level is the Gluco
Watch™ Biographer. Unfortunately, the GlucoWatch™
Biographer sensor took 2 h and 55 min to calibrate and was
associated with skin irritation in up to 20% of the patients.
It was impractical for widespread use.17 Currently, the most
practical glucose sensor is the subcutaneous enzymatic con-
tinuous glucose monitoring system (CGMS). While
implantable glucose sensors are less of a burden on the patient
with diabetes, one must be wary of all implantable sensors that
test the interstitial fluid. Measurements gathered in this
manner may be less accurate than those that come from direct
samples of the blood (Table 31.2).8

The trickiest part of the artificial pancreas, of course, is get-
ting the insulin pump and the glucose sensor to communicate
with one another. This requires a very specific algorithm that
takes input from the sensor and then calculates an amount of
insulin to be delivered and a speed of delivery. This algorithm
must also work continuously, reliably, and without a single
failure. The first attempt at this algorithm was made in the
1970s when Albisser et al.10 used the rate of change of the glu-
cose level to determine the amount of insulin necessary. Since
this first attempt, many efforts at achieving a working algo-
rithm have been made. A Japanese group led by Professor
Shichiri18 claims success of their product for a week’s worth of
time and longer, if the patient calibrates it periodically. The
results, however, were never able to be repeated by another
group. Medtronic is currently testing closed-loop artificial
pancreases using its own algorithm using both an external
sensor and an external pump.19 In addition, a group led by 
Dr Eric Renard20 has had a successful 48-h test. Projects are

still ongoing around the world, but a true closed-loop artificial
pancreas that consistently shows satisfactory results over long-
term trials is still non-existent to date.

Problems with and solutions for the
artificial pancreas
Over the many years that researchers have been attempting to
create an artificial pancreas, many obstacles have crept in.
Early insulin pumps did not have a means of adjusting basal
levels throughout the day. Additionally, many glucose sensors
were unable to perform their job accurately because of inter-
ference or inability to take measurements on a continuous
basis. Currently, pumps have adjustable basal rates and glu-
cose sensors, are becoming accurate, but one important com-
ponent of the artificial pancreas is still far from being
perfected. This component is the algorithm that calculates the
amount of insulin needed based upon data gathered by 
the glucose sensor, both the current level of blood glucose and
the trends of increase and decrease.

The main reason for the difficulty in finding a precise algo-
rithm is two periods of delay associated with a closed-loop
artificial pancreas. The first is the delay in the time it takes to
obtain a reading from the subcutaneous glucose-monitoring
device. This primary delay creates a difference between the
true value of the capillary glucose in current time and the
value that the glucose sensor reads in the interstitial fluid. If
the sensor takes a measurement every 5 min (common for
current continuous glucose monitoring systems), the capillary
and interstitial glucose levels could be different by as much as
10 mg/dL. While 10 mg/dL is hardly a reason for much con-
cern, the algorithm that controls the insulin pump may think
blood glucose levels are still rising after a meal when in fact
they have begun to fall. If the measurement of the sensor is not
accurate to the time, the insulin pump could deliver the wrong
amount of insulin, and cause either hypoglycemia if too much
insulin is delivered or hyperglycemia if the pump does not
deliver an adequate amount of the hormone.

One way most continuous glucose sensors abates the affect
of this delay is the use of low-pass filters.14 These low-pass 
filters allow the control device to read smoother changes in
blood glucose level and to estimate rate of change more accu-
rately than if the algorithm simply used the exact readings
found by the continuous glucose sensor. This reduction of
noise is generally accomplished with one of two types of
filters, finite impulse response (FIR) filters or infinite impulse
response (IIR) filters.21 FIR filters work by taking a weighted
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Figure 31.3 A cartoon of a full artificial pancreas.

Table 31.2 Characteristics of three types of glucose sensor

Name of sensor Benefits Drawbacks

Optical sensor Non-invasive, simple Unreliable, inaccurate, prone to interference
GlucoWatch™ Biographer Accurate, non-invasive Caused rashes
CGMS Accurate, reliable Invasive, can be a burden to user, bulky
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average of past glucose readings, giving more weight to more
recent readings while IIR filters accomplish their task by
taking a weighted average of past readings as well as past filter
values, thereby utilizing a greater amount of data.14

The second delay that causes problems with the develop-
ment of an algorithm for controlling the artificial pancreas is
the delay between the time of insulin infusion and the time
when the insulin begins to work. This time delay is about 
15 min for initial activity and around an hour for peak effect.
The length of these potentially hazardous delays is dependent
upon the type of artificial pancreas system. If the patient is
using a device with both the glucose sensor and the insulin
pump placed externally on the body and taking measurements
and infusing insulin subcutaneously, the total delay could be
about 100 min.22–25 For a device with the sensor placed intra-
venously and the insulin pump delivering the hormone
directly to the intraperitoneal cavity, the total time of the delays
is roughly 70 min.15 It is easy to see that this discordance of
glucose sensing and insulin delivery creates a major problem
for scientists attempting to devise a working algorithm.

During times of inactivity and fasting, blood glucose levels
do not change at a fast rate. Therefore, successful algorithms
have already been devised that translate glucose sensor data to
insulin infusion amounts for these sedentary times of the day.
The problem associated with the artificial pancreas comes into
play, however, during meal times and times of physical exer-
cise and illness. For these periods of the day, when blood 
glucose levels rise and fall at rapid rates, the artificial pancreas
would have to react to changes almost instantaneously. For
example, if the delay between insulin infusion and maximum
utility of that insulin is approximately an hour and the delay
between eating and peak blood glucose is also approximately
an hour, insulin would need to be delivered around the time
when the patient begins to eat. However, because of the delay
between when the patient first begins to eat and when glucose
levels first show signs of increasing, the pump would deliver
insulin late, causing the patient’s blood glucose to rise. This
pattern means that, in addition to adjusting insulin infusion
rates based upon the present blood glucose level and the rate
of increase or decrease, the algorithm would need some way to
predict when the patient will eat or when the patient will exer-
cise. The most feasible way to do this is through input by the
patient prior to eating or exercising. This type of artificial 
pancreas is known as one with ‘closed loop with meal
announcement’ control or ‘semi-closed-loop’ control.15

Therefore, while the artificial pancreas will be self-contained
the majority of the time, it should still have the ability to
accept input from the patient when needed.

Beta cells in a person without diabetes do not release
insulin all at once but rather twice, in ‘first’ and ‘second’ phase
responses.26,27 The first phase response is similar to a bolus
release of insulin and generally occurs as soon as the meal
begins. The second phase response begins shortly after the first
phase response and slowly increases until glucose levels are
back to normal (Figure 31.4).14 Two important parameters,
the amount of insulin released in the first response and the
slope of increase in the second response, are proportional to
the increase in the level of blood glucose.14 Therefore, patients
would need to know the approximate amount of carbohydrate

in their upcoming meal to know how much of an insulin
bolus to give. They would still need to, in essence, ‘count carbs’.
More recent models may use a small pre-prandial bolus to
mimic the first phase secretion and then allow the algorithm
to control insulin delivery after preset parameters are met.28

Multiple models of insulin delivery algorithms have been
devised in recent years. The oldest and most widely used algo-
rithm is known as the proportional, integral, and derivate
scheme (PID).14 The formula for a PID controller requires
only knowing the difference between the current glucose level
and the target glucose level and the time since food intake
began along with a few pre-determined constants. The problem
with the PID controller, as well as other popular control algo-
rithms including the Biostator™,9,29,30 and more recent ones
such as those by Fischer,31,32 Kraegen,33 and Albisser34 is that
while they include a first-phase response that mimics a healthy
pancreas well, the second-phase response is constant rather
than increasing as is the case in a well-functioning organ.14

Should a pregnant woman with
diabetes use an artificial pancreas?
The benefits of an artificial pancreas are ever increasing and
potentially vast. Current deficiencies with fully functioning
models render them imperfect, though improvements are
quick to come and it is possible that there could be a fully
functioning and accurate model of the entire device within the
next few years. Benefits of wearing an artificial pancreas
include peace of mind, such as not having to worry about not
having enough insulin or having too much insulin, not having
to remember to take blood glucose readings multiple times
every day, and not having to remember to inject oneself with
insulin before every meal and before going to bed. In addition,
with an artificial pancreas there would be fewer finger sticks,
less counting of calories and carbohydrates, and, if the
patient’s insulin delivery device and continuous glucose
sensor are internal, no devices to clip to one’s hip or carry in
one’s purse.

The risk of diabetic ketoacidosis (DKA) during pregnancy
would be lower with a properly functioning artificial pancreas.
DKA, a condition in which the blood becomes acidic because
of a sharp increase in ketones due to insulin deficiency, is a
major reason why in the past diabetic women were urged not
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Figure 31.4 Two-phase release of insulin, similar to the
release of insulin by beta cells in a person without diabetes.
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to become pregnant. It was feared that the high incidence 
of DKA in pregnant women with diabetes would carry a 
significant risk, including death. An external device may add
to the risk of DKA. Since there is no long-acting insulin in an
insulin infusion device, ketosis develops in a matter of hours,
if the infusion set dislodges. To ensure that there is no inter-
ruption during the night, it is suggested that when women
with Type 1 diabetes are using an external insulin pump,
that 0.1 U/kg of NPH be given before bed. Overnight basal 

infusion rate should be adjusted appropriately downward to
allow for this extra insulin to be on board.

Until a cure for diabetes is found, the next best alternative
is the use of an artificial pancreas to replicate the endocrine
activity of the pancreas. While current models of closed-loop
artificial beta cells are not perfect, trials are ongoing and a fully
functional device is just around the corner. The use of these
devices will hopefully be widespread and improve the quality
of life for many people with diabetes.
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Introduction
Hypoglycemia is a major factor that precludes people with
both Type 1 and Type 2 diabetes from achieving near-normal
glycemia. The risk of hypoglycemia is due both to the 
imperfect pharmacokinetic of current therapy, which pro-
duces inappropriately high insulin concentrations plus a fail-
ure in the protective mechanisms that limit falls in blood
glucose concentrations.

Therefore, hypoglycemia is an inevitable price of the good
metabolic control and the limiting factor to the best value of
the daily glycemic profile, in every condition in which it is
required.

The goal of insulin therapy in pregnant women with 
diabetes is to reduce the risk of maternal–fetal complications
to the risk levels found in the nondiabetic population.
Therefore, maternal normal glycemia during pregnancy is
essential for the health of the fetus and the mother. Strategies
to achieve and maintain normal glycemia in pregnancy are
onerous but not negotiable and hypoglycemia became nearly
inevitable using available strategies. In addition, pregnancy
itself may be associated with an impaired counter-regulation
system and lack of awareness of hypoglycemia. This could
result in an increase of severe hypoglycemic episodes.

The pathophysiology of hypoglycemia, its effects on the
mother and on the fetus, and its management in pregnancy,
are discussed in detail in this chapter.

Frequency of hypoglycemia
In diabetes
Hypoglycemia is the most frequent acute complication of
Type 1 diabetes mellitus therapy. It has been reported that 
diabetic people live about 10% of their life with glycemic
values lower than 60 mg/dL (3.3 mmol/L) and that, on average,
once a week they present an episode of symptomatic hypo-
glycemia. About every 4–5 years a case of these can lead to
coma with the need of assistance and admission to hospital.1 In
2–4% of the cases hypoglycemia causes death for people with
Type 1 diabetes mellitus.2

Hypoglycemia is a common complication also for people
with Type 2 diabetes. The rate of severe hypoglycemia in Type 2

diabetes is 10% of that of Type 1 diabetes. Nevertheless, the
prevalence rates rise to 70–80% in clinical trials using insulin
to achieve good metabolic control.3

More recently, in a cohort of Type 1 and insulin-treated
Type 2 diabetic patients surveyed for 4 weeks, a rate of
43 events per patient per year in Type 1 and 16 events per year
in Type 2 diabetic subjects was reported. Predictors for 
hypoglycemia in Type 1 and Type 2 diabetic patients included
a history of previous hypoglycemia.4

During diabetic pregnancy
In pregnant women with diabetes (Types 1 and 2) good 
metabolic control before and during pregnancy is essential to
reduce maternal–fetal morbidity and mortality. To obtain and
maintain an optimal daily glycemic profile and HbA1c levels
to near normal values during pregnancy, women with diabetes
are at increased risk of severe hypoglycemic episodes.

Rosen and co-workers5 have reported that in a cohort of
84 pregnant women with Type 1 diabetes, 71% have had 
significant episodes of hypoglycemia requiring assistance
from another person. The peak of incidence occurred from
the 10th to 15th week of gestation and blood glucose fluctua-
tions were more frequent in women who have experienced
severe hypoglycemia, independently of HbA1c levels.

In another observation performed in 55 Type 1 diabetic
women,6 a prevalence of nocturnal hypoglycemic episodes
(blood glucose <3.0 mmol/L) in the first trimester was of 37%;
the peak of incidence occurred at 5 a.m. In this study, the best
predictive value for the occurrence of nocturnal hypoglycemia,

Hypoglycemia in diabetic
pregnancy
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Box 32.1 Causes of hypoglycemia in pregnant 
diabetic women

● Impairment of glucose counter-regulation
● Increased insulin sensitivity
● Reduced metabolic clearance of insulin
● Intensified insulin therapy
● Low glycemic targets
● Nausea
● Vomiting
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was a bedtime plasma glucose lower than 6.0 mmol/L 
(Figure 32.1).

Moreover, Evers et al.7 compared the frequency of severe
hypoglycemic episodes (including hypoglycemic coma) in 
278 women registered in the first trimester of pregnancy with
that in the four months before pregnancy. Severe hypoglycemia
increased from 0.9 ± 2.4 episodes to 2.6 ± 6.3 and coma from
0.3 ± 1.3 to 0.7 ± 3.7 (all P < 0.05). Interestingly, the authors
focused on the risk indicators predictive for severe hypoglycemia.
They showed that severe hypoglycemia was independently
related to a positive history of severe hypoglycemic episodes
before pregnancy, a longer duration of diabetes, an HbA1c level
lower than 6.5%, and finally a higher total daily insulin dose.

Recently, the possibility to use a continuous glucose moni-
toring system that describes glucose patterns all day during
pregnancy, has provided new data on hypoglycemic episodes.
In 20 pregnant women affected by Type 1 diabetes studied
with continuous glucose monitoring, postprandial hypo-
glycemic events (glucose ≥2.7 mmol/L for over 15 min after
the glucose peak time) were recorded in 11.6% of the meals
and occurred, without symptoms, 161 ± 46 min after mealtime.8

The same approach was applied to gestational diabetic 
pregnant women, making it possible to identify asymptomatic
hypoglycemic events in 63% of insulin-treated GDM patients,
and in 28% of glyburide-treated GDM. The majority of
registered events were nocturnal (83%) in insulin-treated
patients, while in glyburide-treated women hypoglycemic values
were equally registered during the day as well as in the night.9

The results of these clinical studies underline the impor-
tance of verifying how the benefits of the good glycemic 
control during pregnancy can be obtained avoiding the risk of
severe hypoglycemia.

Protective response to hypoglycemia
Glucose, in physiological conditions, provides 90% of the 
necessary energy for brain functioning. Since neurons are not
able to synthesize glucose and since their reserves are sufficient
only for a few minutes, cerebral functions are totally dependent
on circulating glucose. The decrease of glycemic values is asso-
ciated with a series of redundant neuro-endocrine responses
aimed at bringing glycemic levels to the physiological range.10

Falling plasma glucose concentrations are sensed in the
hypothalamus and other regions of the brain as well as in the
hepatic portal vein and the carotid artery. Glucose sensing in
visceral sites sends the information to the brain via the cranial
nerve (especially vagous nerve) and, as a result of a complex
integration within the brain, these signals are responsible for
the autonomic response (sympathetic and parasympathetic)
organized within the hypothalamus. Through mechanisms
that include increased autonomic activity, hypoglycemia
causes reduced pancreatic beta-cell insulin secretion and
increased alfa-cell glucagon secretion. Hypoglycemia, involving
hypothalamo-hypophyseal neuroendocrine mechanisms,
also causes an increased secretion of growth hormone and
adrenocorticotropin. The exact mechanism involved in this
process is not well known. The glucokinase-mediated sensing
in pancreatic beta-cells remains the best characterized mecha-
nism of response to glucose falling. Similar mechanisms may
be operative at brain neuron levels.11

The reduction of glycemia in the physiological area (about
4.4 mmol/L) causes a decline in insulin secretion that favours
increased production of glucose from the liver. This represents
the initial defense against falling glucose.12

Glucagon stimulates hepatic glycogenolysis and it also favors
gluconeogenesis but it seems also to determine autonomic
inputs. Epinephrine has a similar action to that of glucagon, but
it becomes critically important when glucagon secretion is 
lacking. These two hormones are therefore considered the ones
mainly involved in the counter-regulation response; in fact, the
development or the accentuation of the hypoglycemic crisis
does not take place without these two hormones.

Other hormones, however, such as the growth hormone
and cortisol, are involved in counter-regulation, especially in
prolonged hypoglycemia. Their effect is carried on by limiting
glucose consumption and favoring its production.10

Pathophysiology of glucose 
counter-regulation
In diabetes
The defense mechanisms against hypoglycemia are clearly
impaired in Type 1 diabetes. In fact, insulin deficient (Type 1
and advanced Type 2) diabetic patients are not able to decrease
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insulin levels and the loss of glucagon response to hypoglycemia
is the most common defect in these patients. Under these con-
ditions, epinephrine remains critical for counter-regulation.
However, many Type 1 diabetic patients, especially after 
recurrent hypoglycemia and in the presence of long-term 
diabetes (10–20 years), suffer from reduced responses of epi-
nephrine. Therefore, Type 1 diabetic patients with combined
defect of glucagon and epinephrine are at about a 6-fold
increased risk for severe iatrogenic hypoglycemia during
intensive insulin therapy.13

Hypoglycemia in Type 2 diabetes is less frequent than 
in Type 1 because of insulin resistance and intact counter-
regulation, at least in patients with a short duration of
diabetes. As the duration of diabetes increases and beta-cell
function deteriorates, glucagon responses to hypoglycemia
may become abnormal, as in Type 1 diabetes.14 Therefore,
hypoglycemia may occur in Type 2 diabetes, as a consequence
of both insulin or sulfonylurea treatment addressed to achieve
the goals of intensive treatment.

During diabetic pregnancy
Diabetic pregnancy is characterized per se by an impairment
of the counter-regulatory response. As observed by experi-
mental studies performed in diabetic dogs, epinephrine and
glucagon response to hypoglycemia is impaired during 
pregnancy.15 Moreover, these data have also been confirmed 
in human pregnancy by using the hypoglycemic clamp 
technique.16,17 In intensively treated Type 1 diabetic pregnant
women a consistent lower epinephrine and glucagon response
was found with respect to nondiabetic nonpregnant women.
In addition, the glycemic thresholds for epinephrine and
growth hormone secretion resulted decreased. This may be the
consequence, at least in part, of intensive insulin treatment of
the patients. Impaired secretion of both hormones, especially
that of glucagon, has also been demonstrated in nondiabetic
pregnant women. The exact mechanisms involved in the
reduction of glucagon and epinephrine secretion during preg-
nancy are not completely clear. Nevertheless, as for glucagon,
one possibility is that the placental hormones exert a suppres-
sive effect on it. Has to be in this context, it has been reported
that the arginin-induced secretion of glucagon is decreased in
women using hormonal contraception.16 These data imply a
suppression of these hormones by the high levels of estrogen
and progesterone that characterize pregnancy. Moreover, the
results of a more recent experimental study suggest that the
blunting of glucagon secretion during insulin induced hypo-
glycemia in pregnancy is related to a generalized impairment
of a number of different signals, including parasympathetic
and sympatoadrenal stimuli and altered sensing of circulating
and/or intraislet insulin.18 Also, growth hormone response
during pregnancy is progressively reduced in both pregnant
women with and without diabetes and this can be determined
by the progressive increase of placental hormones.16 Another
study using hyperinsulinemic hypoglycemic clamp in Type 1
diabetic pregnant women in the third trimester of pregnancy,
showed a significant increase of placental growth hormone
during hypoglycemia. These observations indicate that the
placenta is an endocrine organ that can play an active role in

acute metabolic processes such as the hormonal counter-
regulation of hypoglycemia.19

Pathophysiology of hypoglycemia
Type 1 diabetes
Inappropriate hyperinsulinemia, either absolute or relative, is
the initiating cause of hypoglycemia in diabetes mellitus.
Hyperinsulinemia is the rule in diabetes mellitus, both Type 1
and Type 2, because of the therapeutic delivery of insulin into
the peripheral rather than portal circulation and because of
the empirical algorithms used to administer insulin. Absolute
hyperinsulinemia, due to excessive levels of circulating insulin
because of an excess of dosage or irregularity of absorption,
causes hypoglycemia more frequently during the hours 
preceding meals or in the first morning hours. Relative hyper-
insulinemia is due to other conditions such as: delayed or
inadequate diet (especially as far as the range of carbohydrates
is concerned), physical exercise, renal failure, excessive alcohol
consumption, delayed gastric emptying. In these conditions
usually hypoglycemia occurs after meals.20

Nevertheless, as reported by the DCCT, the hyperinsulinemia
can explain only a part of the severe hypoglycemic episodes
that are observed in people with Type 1 diabetes. In fact, in
this study 714 severe hypoglycemic episodes were registered in
216 people (all in intensive treatment) and after multivariate
analysis, the conventional factors associated to hyperinsuline-
mia, explained only 8.5% of the variability.21

This suggests that hypoglycemia is the result of a defective
balance between excessive insulinemic levels and a deficit of
the counter-regulatory system. In fact, many Type 1 diabetic
patients show a loss of glucagon response to hypoglycemia
and, especially in long-term diabetes, a reduced response of
epinephrine. Therefore, Type 1 diabetic patients with a defect
in epinephrine response in the setting of defective insulin
secretion and glucagon response, are predisposed to severe
hypoglycemic episodes.13

Moreover, people with Type 1 diabetes in tight metabolic
control, require lower values of glycemia to stimulate the
counter-regulatory response and to have the alarm symptoms.
On the contrary, people with a bad metabolic control already
activate the counter-regulatory response at relatively high
glycemic levels.22

Type 2 diabetes
Type 2 diabetes is characterized by insulin resistance and 
persistent beta-cell function, which allows insulin secretion to
decrease as blood glucose falls, and apparently intact counter-
regulation. Consequently, as reported in the literature,14 the rate
of severe hypoglycemia is lower than in Type 1 diabetes.
However, the UKPDS study showed that the frequency of hypo-
glycemia increases over the years with a prolongation of the
duration of insulin treatment.23 Patients with advanced Type 2
diabetes and long duration of insulin treatment have reduced
glucagon and sympathoadrenal response to hypoglycemia.14

In people with Type 2 diabetes hypoglycemia is often a con-
sequence of the pharmacological treatments with hypoglycemic
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agents that stimulate pancreatic insulin secretion (sulfonylureas,
glinides). Drugs that act on insulin sensitivity (metformin and
glitazones) do not cause hypoglycemia.

Diabetic pregnancy
Hypoglycemia during diabetic pregnancy is certainly linked to
the intensified insulin treatment useful to reach and maintain
the targets of glycemic control recommended in these women.
Low blood glucose levels can expose women to the risk 
of hypoglycemia. Moreover, the impairment of glucose
counter-regulation16–18 and other features such as an increase
in insulin sensitivity during the first trimester of gestation,24

are important in determining an increase in hypoglycemic
episodes during pregnancy.

It is well known that the need for insulin increases progres-
sively during pregnancy reaching a maximum, with the largest
fluctuations, during the third trimester. In this context, a
reduced metabolic clearance of insulin in the third trimester,
as reported by Bjorklund et al.25 can reduce the recovery from
hypoglycemia.

Finally, nausea and vomiting, common in the first
trimester, can contribute to hypoglycemia by reducing the
ingestion of carbohydrate (Box 32.1).

Symptoms
In classical textbooks, hypoglycemia is usually defined as 
a plasma glucose concentration below 50–55 mg/dL 
(2.7–3 mmol/L).26 However, the glycemic thresholds responsible
for the activation of the counter-regulatory system is already
evident at a plasma glucose concentrations of 65–70 mg/dL
(3.6–3.8 mmol/L).27 Thus a physiological definition of hypo-
glycemia could be any glycemia below 65 mg/dL. In diabetic
people symptoms of hypoglycemia may shift upwards or
downwards depending on antecedent glycemic control.

According to the entity of the clinical presentation, hypo-
glycemia can be classified as symptomatic, light–moderate and
severe hypoglycemia both in pregnancy and outside pregnancy.

Symptoms of hypoglycemia, which are the same during
pregnancy, are divided into two categories: neurogenic and
neuroglycopenic (Figure 32.2). Neurogenic (autonomic)
symptoms are triggered by a failing in glucose levels and cause
patients to recognize that they are experiencing a hypoglycemic
episode. These symptoms are activated by the autonomic
nervous system and are mediated by norepinephrine,
epinephrine and acetylcholine. Neurogenic symptoms 
(catecholamine-mediated) include anxiety, palpitations,
sweating, shakiness, dry mouth, pallor, pupil dilatation,
diaphoresis, hunger, and paresthesia.

The insufficient contribution of glucose to the brain 
(neuroglycopenia) with an associated cerebral reduction of
oxygen, causes neuroglycopenic symptoms. The cognitive
function becomes impaired when plasma glucose concentration
falls below 50–55 mg/dL (2.7–3 mmol/L).27 However, this
threshold varies depending on the different aspects examined
and psychometric tests adopted. These symptoms include
abnormal mentation, irritability, difficult speaking, ataxia,

paresthesia, headache, stupor, and eventually (if untreated)
seizure, coma, and even death. Neuroglycopenic symptoms
can also include transient focal neurological deficits (e.g.
diplopia, hemiparesis). These symptoms usually represent the
alarm signal of a more serious hypoglycemic attack, and they
usually precede the alterations of the cortical function.

In this phase the person is completely conscious and 
can himself/herself interrupt the attack, by rapid intake of
carbohydrates.

Severe hypoglycemia appears when glucose levels continue
to fall. In these cases the person is incapable of starting 
treatment for the resolution of the episode and he/she needs
rapid and adequate assistance.

Lack of awareness of hypoglycemia
The inability of patients to recognize impending hypoglycemia
is a major clinical problem in the management of insulin
treated diabetes and it represents an important barrier to tight
metabolic control especially in patients that have been encour-
aged to treat their diabetes intensively. Lack of awareness 
of hypoglycemia is a common long-term complication of
diabetes. Epidemiological surveys in unselected population
have reported that around 25% of subjects with Type 1 
diabetes experience persistent or intermittent difficulty in 
recognizing hypoglycemia.28

In diabetic people with a long history of diabetes a reduced
autonomic activation in response to hypoglycemia cause a
lack of neurogenous alarm symptoms (hypoglycemia
unawareness). This can lead to severe hypoglycemic crises
without the typical alarm signs. Awareness of hypoglycemia 
is largely the result of sympathetic neural, rather than
adrenomedullary, activation.

The exact mechanism of hypoglycemia unawareness is not
completely understood. It is thought to be due to an alteration
in the relationship between glycemic thresholds of the various
components of the physiological response to hypoglycemia,
and cognitive functions.29 Patients who lack awareness
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demonstrate sympathoadrenal activation at lower glucose
concentrations than those who have awareness and, impor-
tantly, at a lower level than that for cognitive impairment.

Strong evidence indicates that defective loss of symptoms
of hypoglycemia in Type 1 diabetic patients is largely the result
of antecedent, frequent hypoglycemia. It seems likely that
antecedent hypoglycemic episodes contribute to defective
glucagon response and impaired secretion of epinephrine
during hypoglycemia. The attenuated epinephrine response to
hypoglycemia is a marker of an attenuated autonomic and
sympathetic response. It causes the initial loss of the warning
symptoms of hypoglycemia and, over time, by a downward
vicious spiral including progressively impaired physiological
responses and increasing clusters of hypoglycemic episodes,
the development of hypoglycemia unawareness.22

Diabetic pregnancies are often characterized by hypo-
glycemia unawareness. The mechanisms operating during
pregnancy are not different from those outside pregnancy. In
particular the exposure to low blood glucose levels requested to
obtain an ideal daily glycemic profile, is the main factor
involved in the reduced hypoglycemia awareness of pregnancy.

Maternal hypoglycemia
Fetal consequences
A series of experimental studies in animals have demonstrated
a teratogenic effect of maternal hypoglycemia occurring
during the embryogenesis. The exposure, in vitro, of mouse
embryos to hypoglycemic milieu even for short periods (2 h)
in the first stages of embryogenesis, resulted in malformations.
This could be explained by the fact that younger embryos are
very sensitive to hypoglycemia because they are dependent on
uninterrupted glycolisis and do not have developed the ability
for aerobic glucose metabolism.30,31

Studies regarding a potential teratogenic effect of
hypoglycemia in pregnant women are few. Impastato et al.,32

more than 40 years ago, reported that six out of 19 normal
pregnant women who received insulin coma therapy, for 
psychiatric disorders, during the early phase of pregnancy, had
malformed fetus. The following clinical studies evaluating the
potential teratogenic effect of maternal hypoglycemia in 
diabetic patients, as reported in Table 32.1, showed no increase
in the frequency of fetal malformations in women who 
experienced frequent episodes of hypoglycemia.33–41

Anyway, due to the limited data reported in literature, and
to the fact that no prospective studies have been performed on
this topic, the possibility that severe episodes of hypoglycemia
may contribute to congenital malformations cannot be com-
pletely excluded (Table 32.1).

Studies aimed to evaluate fetal heart rate (FHR) during
hypoglycemia in diabetic pregnant women, are conflicting.
While some studies showed fetal tachycardia during maternal
hypoglycemic coma,42 others, showed bradycardia and reduced
fetal movements during maternal hypoglycemia.43 An increased
FHR has been demonstrated during hypoglycemic clamp
studies, probably as a consequence of maternal increased 
simpatico-adrenal activity.44 On the contrary, other studies
have reported no changes in FHR and fetal movements,
suggesting that the fetus could use alternative substrate during
episodes of maternal hypoglycemia.45 Anyway, with correction
of maternal blood glucose levels FHR and fetal activity
returned to normal.

Although data regarding congenital malformations and
functional cardiac anomalies are not conclusive, it is accepted
that low levels of maternal glucose during pregnancy, may cause
fetal growth retardation and small for gestational age infants.

Langher has showed that in gestational diabetic pregnant
women the frequency of small for gestational age infants 
was 20% in women with low mean plasma glucose levels 
(<4.8 mmol/L), significantly higher with respect to normal
pregnant women (11%).46

In addition, maternal hypoglycemia may also determine
impaired fetal beta-cell function. In fact, animal experimental
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Table 32.1 Maternal hypoglycaemia and embryogenesis in Type 1 diabetic pregnancies

Study (first author, reference
number, and year) Time of exposure Glycemic levels Pregnancy outome

Impastato et al.32 1964 <10 gw (19 nondiabetic women) Abortion (2) stillbirth (2), multiple
malformations (1), Hirschprung’s
disease (1)

Molsted-Pedersen et al.33 1964 First trimester Lower frequency of maternal
hypoglycemia in malformed infants

Bergman et al.341986 Whole pregnancy (BG <3.3mmol/L) No relationship with malformations
Rayburn et al.35 1986 Whole pregnancy (altered consciousness No relationship with malformations

requiring assistance by another person)
Mills et al.36 1988 5–12 gw BG <2.8 mmol/L or symptoms No relationship with malformations
Steel et al.37 1990 <9 gw Severe hypoglycemia No relationship with malformations
Kitzmiller et al.38 1991 2–8 gw BG <2.7 or symptoms No relationship with malformations
Kimmerle et al.39 1992 Not known Hypoglycemic coma No relationship with malformations
Rosenn et al.40 1995 7–13 gw Severe hypoglycemia No relationship with malformations
DCCT41 1996 First trimester Severe hypoglycemia No relationship with malformations

BG, blood glucose; gw, gestational week.
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studies suggest that a fetus with intrauterine growth restriction
caused by chronic placental insufficiency, has impaired insulin
secretion, insulin biosynthesis, and insulin content. The fetal
beta-cell dysfunction might indicate mechanisms that are
developmentally adaptive for fetal survival, but later in life
might predispose offspring to adult-onset diabetes.47

The degree of glycemic control during pregnancy affects
perinatal outcome; nevertheless, data of pregnancy outcome
in diabetic women with repeated hypoglycemia are few.
Perinatal outcome seems not to be affected by severe episodes
of hypoglycemia.34,39

Finally, studies in children of mothers who experienced 
frequent severe hypoglycemic episodes during pregnancy,
showed no relation between intellectual performance,
psychomotor development, and hypoglycemia. Rizzo et al.
studied children of mothers with hypoglycemia during the
second and third trimester of pregnancy. They found normal
intelligence scores at 2 and 5 years of age.48

Maternal risk of hypoglycemia
Severe hypoglycemia can be harmful for the mother because it
can be related to the development of coma, seizures and
maternal death. Furthermore recurrent hypoglycemic episodes
can determine a deterioration of cognitive function.49

Treatment
Diabetic people should be educated to identify correctly the
alarm symptoms of hypoglycemia and to treat themselves
promptly to prevent progression to neuroglycopenia. All
hypoglycemic episodes, even in the absence of symptoms,
require treatment. The goal of the treatment is to increase the
blood glucose to a safe level to avoid clinical consequences.

Relatives, friends, teachers, and co-workers should be
taught to recognize symptoms of hypoglycemia and, where
there is doubt, they must immediately treat the person who
may have hypoglycemia.

Mild-to-moderate hypoglycemia is usually treated with
food, oral glucose tablets, or sucrose solutions. It is sufficient
to administer 15–20 g of glucose as glucose tablets (3–5 g/10 kg
body weight) or soft drinks containing pure glucose to raise
blood glucose by 65 mg/dL (3 mmol/L). Fruit juice is absorbed
more slowly than glucose and is not as effective in raising the

blood glucose levels as tablets or liquid glucose. Likewise,
honey is less efficient than glucose because it contains only
40–50% glucose and the same amount of fructose. Sucrose
solution as granulated sugar in orange juice or milk does not
provide a quick rise in blood glucose levels for rapid sympto-
matic relief and may require the administration of a larger
volume. Moderate hypoglycemia may require a second
administration of glucose.

In the case of loss of consciousness, the treatment is 10–25 g
(20–50 ml) of 33% glucose solution injected intravenously over
1–3 min. The intravenous infusion of glucose solutions (20–50
mL at 33%) is the advised treatment for the hospitalized patient.

The administration of glucose solutions at 33% must be
carefully controlled to avoid phlebitis and pain in case of
breaking of the vein.

Glucagon is ideal to use at home and the standard dose is 
1 mg given subcutaneously. The maximal blood glucose
response occurs after 15 min, with a peak at 20 min to 1 h.
When glucagon is used, it is important to remember that post-
glucagon nausea and vomiting are common and that careful
monitoring of blood glucose levels should be continued until
the patient is able to eat normally.

Glucagon does not cross the placenta and its use in 
pregnancy is not dangerous.50

Conclusions
Diabetic pregnancy represents the most important challenge
of insulin therapy, requiring a continuous effort to maintain
euglycemia and avoid severe hypoglycemic episodes. Frequent
exposure to low glucose levels determines an impaired 
glucose counter-regulation and hypoglycemia unawareness.
Hypoglycemia may be dangerous for the mother, but it is
unclear whether and to what extent it determines embryopathy.
Finally, the worry about hypoglycemic episodes can have a
negative impact on the experience of pregnancy for the
mother and her partner. Women should avoid hypoglycemic
episodes and be able to prevent them. Therefore, women have
to be adequately instructed to perform self-glucose monitoring,
observance of the diet especially of the inter-meal snacks, and
insulin plan. The new therapeutic strategies, including the
short-acting insulin analogs, that cover the prandial glucose
peaks and reduce the hypoglycemic episodes better than the
regular insulin, seem promising in this context.
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Introduction
Diabetes is the most common medical complication of
pregnancy. Patients can be separated into those who were
known to have diabetes before pregnancy (overt) and those
diagnosed during pregnancy (gestational diabetes mellitus,
GDM). GDM is associated with 3–5% of all live births,1

though the rate may be even higher in selected populations
(e.g. Mexican–Americans, Asians, Indians).2,3 The rate of Type
2 diabetes has increased significantly (approximately 33%)
compounded with the presumed parallel risk for obesity.4

Women with GDM often develop Type 2 diabetes in later life.5,6

The significant improvement in outcome of diabetic pregnan-
cies since the advent of insulin therapy at the start of the twen-
tieth century is attributable to improved perinatal maternal
glycemic control, close antepartum surveillance, and advances
in neonatal care. With appropriately treated gestational diabetes,
the likelihood of fetal death is no different from that in the
general population.7 Nevertheless, diabetic gravidas are still at
high risk of adverse perinatal outcome. The complications
include an increase in perinatal mortality, congenital malfor-
mations, deviant fetal growth (macrosomia and growth
restriction), metabolic complications, birth trauma and the
resultant increase in neonatal intensive care unit admission.8,9

Ultrasonography is important for monitoring diabetic preg-
nancies and potentially improving both perinatal manage-
ment and fetal outcome. It is used to assess four major factors:

● Gestational age
● Congenital anomalies
● Growth abnormalities
● Macrosomia
● Intrauterine growth restriction
● Fetal well-being (dynamic assessment)

The evaluation should take the differences between gestational
and pregestational diabetes into account and be tailored
accordingly.

Gestational age
The evaluation of gestational age is vital to the management of
diabetic gravidas because of the increased possibility of growth

abnormalities and the importance of delivery at term.
The clinical estimation of gestational age has been found to be
unsatisfactory in a significantly large number of cases, even
when the menstrual history is reliable, and it may therefore be
inadequate for critical management decisions.10 The two most
widely used ultrasound measurements for determining gesta-
tional age are crown–rump length (CRL) in the first trimester
(up to 12 weeks’ gestation) and biparietal diameter (BPD) in
the second (before 32 weeks’ gestation).11,12 The CRL, assessed
with transvaginal sonography, can predict the delivery date 
to within 5 days.13 The BPD, assessed by serial ultrasound
examinations, is used for confirmation. Femur length is also a
valuable predictor of gestational age, especially when it is tech-
nically impossible to measure BPD.14 The first sonographic
examination to determine dates should be performed in the
first trimester, prior to 12 weeks’ gestation whenever possible.
These data can assist in the interpretation of gestational-
age-correlated biochemical data, such as alpha-fetoprotein
and glycosylated hemoglobin levels, as well as in the early
detection of fetal malformations. If the findings in the first
ultrasound examination differ significantly from clinical
dating, the ultrasound examination usually needs to be
repeated after at least a 3-week interval. Gestational age can
then be determined by the methods of mean projected gesta-
tional age or growth-adjusted sonographic age.15 After 
32 weeks’ gestation, ultrasound can estimate age only within
±3 weeks. Clinicians should be aware that CRL measurements
of fetuses of diabetic gravidas may lag behind those of normal
fetuses at the same gestational age.16 These fetuses also have a
higher risk of being malformed.17–19 Steel et al.20 reported that
early growth delay is probably an artefact of incorrectly esti-
mated ovulation date. These observations can be confirmed
only by the study of many diabetic women with conceptually
timed pregnancies.

Congenital anomalies
An association between maternal diabetes mellitus and 
congenital malformations has been suspected since the 
nineteenth century.21,22 Despite the considerable advances in the
management of the pregnancy complicated by diabetes, the rate
of congenital malformations has not changed dramatically.
Congenital malformations and their sequelae have replaced
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intrauterine fetal death and respiratory distress syndrome as
the major causes of morbidity and mortality in infants of
diabetic mothers.21 Their estimated frequency is 6–10%, or 
3- to 5-fold higher than the rate in the general population.23

Therefore, perinatal death as a result of congenital malforma-
tions account for approximately 40–50% in infants of diabetic
mothers.24,25 Most researchers believe that high rates of severe
malformations are the consequence of poorly controlled dia-
betes, both periconceptionally as well as early in pregnancy,26,27

though others have failed to totally corroborate these 
findings.28–30 The precise mechanism underlying the abnormal
development of fetuses of hyperglycemic mothers has not
been completely elucidated. The pathogenesis may also
involve factors other than hyperglycemia, such as free oxygen
radical scavenging enzymes.31 Diabetes in pregnancy is not
associated with a specific fetal phenotype or syndrome, but
rather affects multiple organ systems.32

The sonographic detection of recognizable congenital
anomalies is an important aspect of the management of
diabetic pregnancy. Diabetes-associated malformations occur
very early in pregnancy, usually before the eighth week of
gestation. Therefore, the evaluation should be done in the first
trimester of pregnancy and repeated in the second.
Cardiovascular anomalies are the most common, especially
conotruncal and ventricular septal defects.33–35 Indeed, maternal
diabetes mellitus has been accepted as one of the indications
for fetal echocardiography because congenital heart disease
occurs four to five times more frequently in the offspring of
women with diabetes than in the general population.36–38

Antenatal identification is important because some defects are
ductal-dependent and require immediate therapy after birth.39

Fetuses of diabetic mothers are at risk for accelerated myocar-
dial growth. The cardiomyopathy is mainly related to poor
glycemic control. In adequately controlled glycemia, cardiac
growth and ventricular diastolic filling are normal.40,41 Second
in frequency are neural tube defects (NTD). Maternal serum
alpha-feto-protein (MSAFP) testing is an important indicator
of NTD: second-trimester values in women with pre-gestational
diabetes are on average 20% lower than in the general 
population. In these cases, MSAFP levels are corrected without
regard to diabetic control. The sensitivity of ultrasound for the
detection of NTDs associated with increased MSAFP values is
reporting as high as 94%.42 Be that as it may, all diabetic 
pregnancies should be sonographically evaluated for NTDs
regardless of MSAFP level. Anencephaly is the most common
anomaly affecting the central nervous system, with an inci-
dence of 0.57% in fetuses of diabetic pregnancy, or 3-fold
higher than in the normal population (0.19%).43 Maternal dia-
betes is also thought to increase the risk of holoprosencephaly,
which results from failure of cleavage of the prosencephalon.
Interestingly, the lesion most associated with diabetic embry-
opathy, namely caudal regression syndrome (caudal dysplasia
sequence)44 is actually less common than cardiovascular 
malformations. However, it is difficult to estimate its 
incidence because it is often reported together with cases of
sirenomelia. The pathogenesis is currently thought to be 
heterogenous. The primary defect is in the midposterior axis
mesoderm. All degrees of severity may occur, depending prima-
rily on the relative length and width of the early caudal deficit.35

The most severe form is presumably the consequence of a
wedge-shaped early deficit of the caudal blastema.45

Associated anomalies, in accordance with the severity of the
syndrome, may include imperforate anus, absence of external
genitalia, renal agenesis, absence of internal genitalia except
gonads, a single umbilical artery, absence of bladder, and
fusion of the lower limbs. The principal findings of caudal
regression syndrome on sonographic radiology are as follows:
various types of lower limb anomalies ranging from hip dislo-
cation to frog-leg deformity and equinovarus, hydrocephalus,
and Dandy–Walker malformation, complete absence of the
spine below L1, partial or complete absence of the caudal part
of the sacrum, intraspinal anomalies in the form of
meningomyelocele and sacral lipoma, whereas the pelvis is
small owing to the absence of a sacrum, and the iliac bones
touch or even fuse.46 Up to 16% of these cases are associated
with diabetes mellitus.47,48 Although the disorder occurs 
200 times more often in infants of diabetic mothers, only 
1.3 per 1000 diabetic pregnancies are affected. This anomaly
cannot be considered pathognomonic for diabetes since it
occurs in other conditions as well. The skeletal, genitourinary,
and gastrointestinal systems may also be affected. Defects
involving the genitourinary system that show preponderance
in infants of diabetic mothers include ureteral duplication,
renal agenesis, and hydronephrosis.

Controversy exist as to the optimum time to perform the
first ultrasound examination and how many subsequent exam-
inations are needed for identification of fetal malformations.49

Fetal evaluation cannot be wholly completed during the first
anatomical scan. An early scan at 10–14 weeks of gestation
permits exclusion of major malformations, and an additional
scan at 20–22 weeks is advisable in order to rule previously
unrecognized malformations.

Growth abnormalities
Monitoring fetal growth is a challenging and highly inexact
process. Today’s tools, which involve serial plotting of fetal
growth parameters, are superior to earlier clinical estimations,
but accuracy is still only about 15%, even with the most
sophisticated ultrasound equipment. Particular effort should
be directed toward the diagnosis of fetal macrosomia, the
most frequent fetal complication (up to 50%) of diabetic
pregnancy.50–54 Macrosomia is a term used rather imprecisely
to describe a very large fetus–neonate. There is no universally
accepted definition. Macrosomia has been variously defined as
a birth weight greater than 4000–4500 g as well as a birth
weight greater than 2 standard deviations above the mean for
gestational age or above the 90th percentile for population-
specific and sex-specific growth curves. It is not only a result
of maternal hyperglycemia, an elevated levels of lipids and
amino acids, which are also characteristic pregnancies 
complicated by GDM, can result in fetal overgrowth as well.
Fetal organomegaly is also common, affecting the fetal liver,
pancreas, heart and adrenal glands.55 Fetal overgrowth or
macrosomia can lead to some of the most common morbidities
seen in infants of women with GDM. For example, the inci-
dence of shoulder dystocia, which ranges from 0.2 to 2.8% in
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the general population56,57 can be as high as 3–9% in infants of
women with GDM.58 In addition, the growth of these infants
tends to be asymmetric, with larger chest/head and
shoulder/head ratios than in infants born to women with
normal glucose tolerance.59 Shoulder dystocia may be 
associated with other birth traumas, such as Erb’s palsy,
clavicular fracture, fetal distress, low Apgar scores, and 
birth asphyxia,60 though 25–75% of brachial plexus injuries
are unrelated to antecedent shoulder dystocia.61 The manage-
ment of fetal macrosomia has been the subject of much clini-
cal concern and scientific investigation. Over the past 30 years,
several investigators have attempted to derive formulas using
sonographic measurements of fetal organs to estimate fetal
weight. The older formulas used measures of the fetal head,
abdomen, and femur, either alone62 or in combination.63,64

Some authors demonstrated differences in accuracy and 
precision among these formulas.65,66 Although most reported
that regardless of the formula used, the accuracy of the fetal
weight estimation decreased with increasing birth weight.67–69

Consequently, alternative sonographic markers for fetal
macrosomia have been proposed which take advantage of
the presumed correlation between subcutaneous fat 
deposition and fetal weight. Three-dimensional ultrasound
measurements of fetal upper arm volume,70,71 fetal chest,72

abdominal73 and humeral74 soft tissue thickness, and cheek-
to-cheek diameter,75 as well as of the subcutaneous
tissue/femur length ratio,66,67 have yielded varying screening
efficacies for macrosomia. Table 33.1 lists a number of
population-based studies that assessed the clinical perform-
ance of ultrasound in predicting macrosomia. The data in the
last two columns suggest that only 15–81% of babies (median,
67%) predicted to be macrosomic are indeed macrosomic 
at birth, and that only 50–100% (median, 62%) of all cases 

of macrosomia are successfully predicted by sonographic
measurements.

Currently, no single sonographic measurement is capable of
distinguishing between large-for-gestational-age (LGA) and
appropriate-for-gestational-age (AGA) infants of diabetic
mothers. The finding of an abdominal circumference above the
90th percentile during the second or third trimester is associ-
ated positively with fetal macrosomia, but actual birth weights
of the babies predicted to be macrosomic on this basis overlap
with those of AGA babies in a substantial proportion of cases.84

Other techniques for estimating fetal weight have been
reported as well. In one study, magnetic resonance imaging
yielded estimates within 3% of the actual birth weight in 
11 patients whose babies weighed between 1.6 and 3.3 kg. This
compared favorably with the 6.5% error by sonographic
examination of the same patients.85

The estimation of weight in fetuses of diabetic mothers
involves special considerations. Because of this disproportionate
contribution of fat to fetal body weight and because fat is less
dense than lean body tissue, equations used derived from
cross-sectional data may theoretically overestimate fetal
weight when applied to the GDM population.86 Furthermore,
the time from examination to delivery may influence the 
accuracy and precision of the sonographic estimates.78,79,87

Clinically, studies have found no significant differences in
absolute percent error of birth weight between infants of
women with diabetes and those born to women without 
diabetes.88 The accuracy of birth weight prediction by ultra-
sound and by clinical estimates has been analyzed in a number
of studies.89–94 When the sample was limited to babies with an
actual birth weight of >4 kg, no significant differences were
found between the clinical and ultrasound estimates at or near
the onset of labor.
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Table 33.1 Sonographic criteria for macrosomia in the general population and in diabetic mothers. Except as 
indicated, macrosomia was defined as a birth weight ≥4000 g

Sonographic criteria Number scanned Inclusion criteria PPV (%) Sensitivity (%)

AC, FL65 3512 Nondiabetic 15 94
AC, FL69 150 37+ weeks 52 54
AC, FL66 223 35–42 weeks 67 62
AC, FL, BPD78 479 40 4/7 weeks, nondiabetic 67 56
BPD, OFD, ALD, ASD, FL79 498 22–50 67 67
Abdominal sub-cutaneous 133 37–42 weeks 59 70

tissue73

Humeral soft tissue74 95 Term, prior macrosomia; diabetic 81 88
519 ≥41 weeks 64 56
472 ≥41 weeks 70 61

AC, FL80 Nondiabetic
AC, FL81 406 36+ weeks 51 50

86 36+ weeks 67 100
AC, FL, BPD, HC83* Nondiabetic
AC, FL, HC83

PPV, positive predictive value; Sens, sensitivity; AC, abdominal circumference; FL, femur length; BPD, biparietal diameter; HC, head circumference;
OFD, occipitofrontal diameter; ALD, abdominal longest diameter; ASD, abdominal shortest diameter; NR, not reported; *Macrosomia defined as
birth weight ≥90th percentile for gestational age.

9780415426206-Ch33  11/29/07  3:54 PM  Page 255



Intrauterine growth restriction (IUGR), broadly defined as
a birth weight lower than the 10th percentile for a given 
gestational age or an infant with evidence of tissue wasting
and malnutrition, is not common in diabetic pregnancies.
Because IUGR is associated with conditions that predispose
the fetus to uteroplacental insufficiency, it is more likely to
occur in diabetic pregnancies complicated by severe vascu-
lopathy. The resultant decrease in placental nutrient transfer is
thought to be responsible for the IUGR in these infants.
Unlike macrosomic fetuses, fetuses with IUGR associated with
pancreatic agenesis apparently stop growing at 28–30 weeks’
gestation.95 The relative inaccuracy of clinical means for
detecting IUGR may result in misdiagnosis in 50–70% of cases.
Serial ultrasonography may be beneficial as it is offered as a
routine antenatal procedure.

The use of three-dimensional
ultrasonography in the assessment 
of the diabetic fetus
The growing importance of the three-dimensional method
and the extended range of applications in prenatal diagnosis
has been underscored by many descriptions published in
recent scientific publications. The usefulness of this technol-
ogy is currently being debated. Some studies suggest that the
image information acquired by three-dimensional ultrasound
technology is nearly always inferior to the image information
obtained by conventional two-dimensional imaging96 while
others support its use.97,98
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Introduction
The prevalence of diabetes among women is increasing 
worldwide. Epidemiological studies showed that the incidence
of gestational diabetes (GDM) has steadily increased, reaching
6.1% Italy,1 while pre-gestational diabetes has an incidence 
of 0.6–1%.

Since 1970 the number of people considered overweight
(BMI ≥25) or frankly obese (BMI ≥30) has increased greatly in
industrialized countries. This trend has also affected obstetric
practice; e.g. in some areas in the USA, pregnant women with
BMI ≥30 represent more than 30% of cases.2 In Italy, at 
present, about 16% of pregnant women have a BMI ≥25, but
this percentage is increasing. Therefore, physicians and the
media have began to pay more attention to this problem.

Today, women with diabetic pregnancy assume they have a
legitimate right to a pregnancy with a successful outcome.
This result is now achievable, whereas in the past there was a
high rate of both maternal and fetal complications.

In the management of diabetes in pregnancy it is important
to recognize two groups (pre-gestational diabetes and GDM)
of women with different genetic and phenotypic aspects,
having different risks and therefore requiring different obstet-
ric management. In the first group are women with diabetes
associated with polycystic ovarian syndrome (PCOS), which,
outside pregnancy, shows several vascular alterations, similar
to some forms of diabetes, and which is accentuated by 
pregnancy. Approximately 5–10% of fertile women have the
syndrome,3 of which 50–80%, either obese or thin, show
hyperinsulinemia.4 Pathogenesis of hyperinsulinemia can be
related to peripheral insulin resistance or to decreased hepatic
clearance or increased pancreatic sensitivity. Obesity can
enhance hyperinsulinemia, which can be further associated with
decreased HDL-cholesterol and increased VLDL-cholesterol 
and triglycerides. Therefore the women show increased 
cardiovascular risk at a young age, even outside pregnancy.

Another high-risk group is represented by obese women
with pre-gestational diabetes or GDM, with an incidence, in
our department, of 17.4% in patients with BMI ≥25 and 
of 33.3% in patients with BMI ≥30.

Insulin resistance determines increased circulating levels of
leptin and the inflammatory markers cytokines, interleukins
1–6 and tumor necrosis factor-alfa (TNF-α). The peripheral

effects of these substances are an increased intracellular 
content of fat and decreased insulin sensitivity. The increase of
fat induces the proliferation of vasa-vasorum of tunica media
of arteries, with macrophage activation and a further increase
in cytokine levels. This process can explain the inflammatory
condition that provokes vascular damage.5 Based on this
information, Gu et al. examined the death certificates of
14,734 adults (age 25–74 years) with and without diabetes in
a national cohort of the US population, showing that in 
69% of cases atherosclerosis was associated.6

This introduction aimed to stress the importance of vascular
changes that occur in a normal pregnancy and therefore the
essential role of an absent or atypical vascular modification,
which occurs more frequently in GDM or even before 
pregnancy in women with pre-gestational diabetes. Therefore
there is a need for good plasma glucose control to reduce 
vascular damage that is harmful to the fetus and for good
markers of fetal well-being. These markers should be sufficiently
robust to preserve the fetus from hypoxic events and be able to
quickly determine cerebral lesions, since decreased placental
flow can be associated with maternal ketoacidosis.

In the past the main cause of intrauterine deaths was
related to maternal ketoacidosis, while today it is associated
with fetal macrosomia. This latter condition is related to fetal
hyperinsulinemia which has an anabolic effect on nutrients
and also affects the production of insulin-like growth factors.7

Since fetal glucose levels are correlated with maternal levels,
maternal hyperglycemia causes fetal hyperglycemia and sec-
ondary hyperinsulinemia as a result of beta-cell hyperplasia.

Cordocentesis in diabetic pregnancies demonstrated
hyperlactacidemia and acidemia without hypoxemia,8 the
level of acidemia being correlated with the insulin level.9

Hyperinsulinemia and hyperglycemia independently
increase aerobic and anaerobic glucose metabolism with
increased oxygen consumption, lactate production and
decreased pH and PO2. Increased lactate production can be
explained by the reduced fetal capacity for oxidative 
metabolism and low pyruvate dehydrogenase activity. Severe
hyperglycemia produces acidemia and hypoxemia where
moderate hyperglycemia is associated with acidemia without
hypoxemia.10 However, when mild hypoxemia is present in the
fetus, mild hyperglycemia can produce severe acidosis and
possibly fetal death.
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Knowledge of these pathophysiology keypoints is necessary
to promote adequate fetal surveillance in the diabetic mother.
In this field Doppler flow velocimetry might play an important
role, although in different gestational periods, and in different
vascular areas, but distinguishing, initially, maternal phenotype
and clinical aspects.

The aim of this chapter is to examine the literature 
concerning the correlation between Doppler flow velocimetry
and fetal wellbeing and to identify fetuses at risk for unfavorable
outcomes (IUGR, pre-eclampsia, fetal hypoxemia), but we will
try mainly to define a flow monitoring ‘personalized’ by the
type of maternal diabetes and by the type of fetal growth
(since the combination of the situations described before has
also an effect on the fetus). Finally, we will propose a schedule
for using this technique, for anticipating the conditions when
there is a real risk of fetal damage.

Doppler flow velocimetry 
of uterine circulation
Maternal blood flow to the intervillous space is supplied by
vessels which show deep remodeling in normal pregnancy.
Increased vessel diameter and substitution of the muscular
layer of the vessel wall by trophoblastic invasion of the distal
portion of spiral arteries all lead to a low impedance, high
capacity vascular system. These modifications generally occur
in two stages: the decidual portion of the vessel is invaded in
the first trimester, while the miometrial segment is invaded in
the second. As a result the diameter of spiral arteries is
increased in pregnancy from 15–20 to 300–500 µm. It is well
known that some obstetric pathologies, like pre-eclampsia and
intrauterine growth retardation, are associated with failed or
insufficient trophoblastic vascular invasion with defective
reduction of vascular resistance. An attractive model in 
pre-eclampsia suggests that reduced placental perfusion is
producing some vascular factors which cause the well known
multisystem derangements in the mother. The unmodified
maternal vessels show typical atherosclerotic lesions with 
fibrinoid deposition and foam-cell invasion which further
reduce placental perfusion. These processes, although 
pre-eclampsia is clinically evident in late pregnancy, operate
months in advance.

Histological studies11,12 coupled with Doppler studies
enabled the recognition that progressive reduction of vascular
resistance can be detected by Doppler. The specific manifesta-
tion is the increased diastolic component of uterine artery
Doppler tracing and concomitant reduction of measured
resistance indexes. In failed or incomplete trophoblastic inva-
sion resistance does not decrease and a protodiastolic notch
can appear in the sonogram. Unfortunately, heterogeneous
and even conflicting results appeared when Doppler flow
measurements of the uterine artery in pregnancy were used as
a screening test. Gestational age at enrolment, high/low risk
pregnant population, definition criteria for a pathological
Doppler tracing, Doppler equipment itself, end-point defini-
tion and different therapeutic strategies were all responsible
for the difficulties encountered in validating Doppler flow
measurements in the uterine artery as a screening test.

In diabetic pregnancies a similar effectiveness was found
when screening the uterine artery by Doppler as for the 
complications of defective placentation. Haddad et al.13 found
increased vascular impedance in the uterine artery in 45% of
37 diabetic pregnancies developing pre-eclampsia or growth
retardation. Also, Kofinas et al.14 found good correlation
between high impedance in the uterine artery and pre-
eclampsia in 31 patients with gestational diabetes and 
34 insulin-dependent diabetic patients. No correlation was
found with glycemic control, however.

Pietryga et al.15 found abnormal Doppler results in uterine
artery in all the 11 patients with pre-eclampsia out of 146 ges-
tational diabetic women. Vascular impedance was also related
to birthweight and placental weight, but not to maternal
HbA1c levels. However, abnormal placental vascular impedance
was not frequently found in gestational diabetes. This last
observation seems very logical since the vast majority of
diabetic patients do not show vasculopathy, being gestational
diabetics or White’s class B/C which show an 8–10% associated
pre-eclampsia in comparison with White’s class D/F/R which
show a 16% risk.16

Different findings characterized the cases with pre-
gestational diabetes mellitus:17 155 pre-gestational diabetic
women showed a correlation between increased impedance in
the uterine artery and the level of HbA1c, increased impedance
being also significantly related to pre-gestational vasculopathy
and hence to adverse outcome of pregnancy, being altered 
placental perfusion detrimental for fetal wellbeing. In contrast
to these results other authors found no correlation between
uterine artery Doppler and White classification, but this can
possibly be explained by the small numbers of women 
with vasculopathy.18–21

Doppler flow velocimetry 
of umbilical artery
The umbilical cord was the first fetal area to be studied by
Doppler and many publications have been concerned with
this topic. Umbilical arteries carry 40% of cardiac flow to the
placenta and this means that, quantitatively, there is a contin-
uously increasing amount of blood flowing through them,
tertiary vascular villi expansion and subsequent reduction in
placental vascular resistances being the predisposing factors.

Reduced diastolic velocities can be found in cases of
increased placental impedance due to specific placental lesions
(reduced number of tertiary villi arteries, increased numbers
of obliterated vessels) which can be found in pregnancies
complicated by pre-eclampsia and intrauterine growth 
retardation.22,23 Reduced placental perfusion reduces oxygen
delivery to the fetus, as well as that of glucose and other 
nutritional elements with compensatory hemodynamic 
modifications (increased blood flow to the ductus venosus
and the so-called ‘centralization of the circulation’).

In diabetic pregnancies the aim of Doppler studies of
umbilical circulation is to determine whether impedance 
to flow is related to maternal glycemic control and whether
there is any correlation with maternal vasculopathy, obstetric
complications and fetal compromise.
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Olofsson et al.24 found higher pulsatility in umbilical artery
of diabetic pregnancies when compared to nondiabetic.
No association was found with the degree of glycemic control
and fetal size, but fetal distress in labor was more frequent in
cases with increased resistance. Bracero et al.25 found a signif-
icant correlation between maternal glycemia and vascular
impedance, the latter being also positively correlated with
stillbirths and neonatal morbidity. Bracero et al.26 also found
a 2.6 relative risk for adverse outcome in diabetic pregnancies
with increased impedance in umbilical artery. This relative
risk was even higher than that of an abnormal biophysical
profile and a nonreactive NST.

Landon et al.27 found no association between umbilical
artery resistance and maternal blood glucose or HbA1c levels.
Higher indexes were found in women with vascular disease,
which was also associated with subsequent discovery of
growth retardation. In women without vasculopathy,
increased resistance was associated with the development of
pre-eclampsia. Similar results were found by Dicker et al.28

Reece et al.29 found higher umbilical pulsatility in diabetic
women with vasculopathy and in fetuses with intrauterine
growth restriction and neonatal metabolic complications.
No correlation was found with glycemic control.

Johnstone et al.30 found no significant association between
downstream resistance in umbilical artery and glycemic 
control in 128 diabetic pregnancies. Fetal distress occurred
both in pregnancies with normal and increased resistance.

Zimmermann et al.31 evaluated 53 insulin-dependent 
diabetic mothers using Doppler tracing in umbilical artery.
No association was found between vascular resistance and
glycemic control or maternal vascular disease.

Pietryga et al.32 found abnormal umbilical artery blood
flow velocity in 5% of 146 gestational diabetic women. Lower
impedance was found in macrosomic newborns, while only
2/11 pre-eclamptic patients displayed abnormal umbilical
artery Doppler.

Doppler velocimetry of fetal 
arterial area
The physiopathologic sequence of velocimetric alterations in
chronic hypoxemia have been demonstrated: increased placental
resistances (telediastolic flow reduced/absent in umbilical
artery) are associated with ‘brain and heart sparing effects’, for
preserving an adequate oxygenation of vital organs (heart,
brain, adrenal glands) by vascular dilatation accompanied by
constriction of fetal somatic vasa (descending thoracic aorta,
renal artery, splenic artery, superior mesenteric artery).
In extreme conditions of placental insufficiency (inverted 
telediastolic flow in umbilical artery) there is a ‘central decom-
pensation’ with loss of adaptation mechanisms in brain
(middle cerebral artery) and alteration of Doppler velocime-
try in cardiac and venous areas (absent or inverted wave 
in venous duct).33

The abnormal Doppler results in umbilical arteries 
represent a placental impairment (placental test), but without
reflecting the degree of fetal adaptation to this condition,
whereas the study of arterial and venous areas seems useful in

diabetic pregnancies with vascular involvement (fetal growth
restriction and pre-eclampsia).

The modifications of fetal vascular area in pregnancies
complicated by growth restriction and/or pre-eclampsia have
been demonstrated. Many areas have been studied with
Doppler velocimetry, but the majority of the research focused
on cerebral area and mainly on middle cerebral artery and on
descending thoracic aorta, expression of splanchnic area, with
the purpose to show the redistribution of circle that is observed
in chronic hypoxemia.

Doppler velocimetry uses commonly qualitative indexes
(pulsatility index, showing the resistances afterwards the
examined segment, but also depending from blood viscosity,
vascular compliance and cardiac contractility) and quantitative
indexes (systolic peak velocity and mean velocity).34

The objective of qualitative and quantitative evaluations
are complementary. Pulsatility index (PI) is commonly used to
show the fetal effects of chronic uteroplacental insufficiency:
‘brain sparing effect’ with reduction of PI due to cerebral
vasodilatation and increase of PI in descending thoracic 
aorta due to peripheral vasoconstriction. Quantitative 
evaluation (angle depending and therefore prone to method-
ological errors) has been proposed to find an eventual fetal
anemization: in these situations, the correlation between the
increased peak of systolic velocity in middle cerebral artery
and severe fetal anemia.35

In pre-gestational diabetes, Doppler velocimetry of fetal
areas is indicated for vascular complications: it seems that tem-
poral sequence leading to fetal hemodynamic modifications
depends on the entity of vasculopathy not on diabetes itself.

Different and controversial is the application of fetal
velocimetry to gestational diabetes or to insulin depending
diabetes without vascular alteration (mainly nephropathy and
retinopathy). Salvesen et al.18,35 used Doppler to examine 
48 diabetic pregnancies, well controlled by insulin therapy.
Except three pregnancies complicated by pre-eclampsia
and/or fetal growth restriction, uteroplacental and fetal flow
velocity were normal: no significant differences in velocimetric
pattern of uterine, umbilical, middle cerebral arteries and of
descending thoracic aorta versus control group. It is interesting
to observe that in the majority of diabetic pregnancies 
with nephropathy, acidemia and hypoxemia were found in
cordocentesis although velocimetric patterns were normal.
It has been suggested that hypoxemia and acidemia may be the
consequence of metabolic alterations of diabetes, leading to
hyperlactacidemia in presence of normal fetal growth and in
absence of redistribution of circulation.

Other authors studied Doppler velocimetry of middle 
cerebral artery in pregnancies complicated by insulin-dependent
diabetes: pulsatility index was not different from controls and
was not correlated to the levels of glycemia, fructosamine or
maternal glycosylated hemoglobin.36

Other authors evaluated the velocity of systolic peak to 
predict a polycythemia. Although a physiopathologic back-
ground seemed correct (see fetal anemia and increase of
systolic peak velocity), no correlation was found between
velocimetric pattern and prevalence of hyperbilirubinemia,
although the limited number of cases or the lack of cases with
severe polycytemia could explain these results.37
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Reece et al.38 studied Doppler velocimetry in descending
thoracic aorta of insulin-dependent diabetic pregnant women
and found no significant association between PI and fetal 
outcome, concluding that Doppler examination of this area is
not useful in clinical practice for recognizing fetuses at risk 
of imminent damage.

However, other authors considered qualitative and quanti-
tative patterns and showed that higher fetal aortic volume flow
occurred in fetuses in diabetic than in nondiabetic pregnancies.
The former group developed distress in labor more frequently.
It was suggested that there might be an increased placental
vascular resistance with a compensatory increase in volume
flow, concluding that the pulsatility index can not be considered
a characteristic feature of diabetic pregnancy.39

An interesting study by Fadda et al.40 found that multi-area
evaluation in diabetic pregnancies (umbilical artery, descending
thoracic aorta, middle cerebral artery) may be useful for 
identifying fetuses at risk for intrapartum fetal distress and
neonatal acidosis: the presence of velocimetric alterations in
all areas, exposes the fetus, already in a potential subacute
hypoxemia/acidemia, to a risk of unfavorable outcome.

Takahashi et al.41 found the possibility of using Doppler
velocimetry to recognize the transient redistribution of
circulation induced by maternal ketoacidosis: velocimetric
and cardiotocographic alterations disappeared promptly 
after treatment of maternal hyperglycemia, and pregnancy
continued normally.

Doppler velocimetry of fetal cardiac
and venous areas
Newborns of diabetic mothers are at risk for hypertrophic
miocardiopathy. This condition is characterized by thickening
of the interventricular septum,42 of ventricular walls and by
alterations of systolic and diastolic function that can lead to
congestive cardiac failure.43

Doppler evaluation of fetal heart in diabetic pregnant
women has mainly the aim of finding flow abnormalities 
at the atrioventricular and ventriculoarterial valves, to identify
the signs of a potential chronic hypoxemia and to show the
consequences of myocardial hypertrophy.

Regarding the first aspect, it has been demonstrated that
even in well-controlled diabetes, the means of the middle and
maximal velocities measured in fetal atrioventricular valves,
are higher compared to normal controls. This aspect is related
to an increased cardiac output, in absolute terms or fraction of
estimated fetal weight: these conditions seem a compensation
mechanism of chronic hypoxemia due to altered oxidative
metabolism within placental dismaturity. These hemodynamic
modifications may partially explain the mechanism of
myocardic hypertrophy.

Studies on insulin-dependent diabetic pregnancies with
good glycemic control in the second and third trimesters,
found a significant thickening of the interventricular cardiac
septum and of the left and right ventricular walls with altered
development of cardiac function. In Doppler terms, the alter-
ation of cardiac function determines at the AV level a reduced
phase E/A ratio (ratio between early passive atrial filling wave

and active atrial filling wave). These findings were observed as
independent from maternal glycosylated hemoglobin levels,
showing that fetal interventricular septum hypertrophy and
deficit of diastolic function are present although diabetes is
well controlled.44 Therefore fetal cardiomegaly may relate to
increased insulin sensitivity of fetal myocardium.45 This
hypothesis is strengthened by the evidence of a progressive
reduction and affinity of insulin myocardic receptors from
fetal to adult age.46

The altered E/A ratio shown in atrioventricular valves may
be the consequence of altered ventricular compliance due 
to thickening of cardiac walls and to modification of blood
viscosity (pre-load) because of polycythemia. Several studies
have shown that these echocardiographic modifications 
are recognizable from the 12th week and their severity is 
correlated with the degree of glycemic control.47

Intracardiac flow modifications were seen also in aortic
and pulmonary tracts: in pregnancies complicated by insulin-
dependent diabetes the velocities of systolic peak were signifi-
cantly higher than in controls. These findings may be the
result of increased contractility of myocardium (inotrope
effect), as shown by postnatal studies, and of increased volume
of intracardiac flow, related to increased cardiac output in
fetuses that are large for gestational age.

As expected, hemodynamic cardiac modifications determine
velocimetric alterations in venous areas. It has been demon-
strated that diastolic function deficit may be responsible for
retrograde pulsations in the umbilical vein and significantly
reverse flow in the inferior vena cava during atrial contraction.
In diabetic pregnancies, pre-load index in the inferior vena
cava is increased and significantly associated with umbilical
artery pH reduction, to polycytemia at birth, and neonatal
morbidity.48 The velocimetric alteration could be not seen in
other fetal areas: this observation confirms the complexity of
metabolic and hemodynamic effects in presence of diabetes,
which has a different physiopathology from chronic hypox-
emia due to uteroplacental insufficiency, characterized by 
an increase of peripheral resistances (afterload). Significant
modifications were found at the venal duct. Doppler qualitative
evaluation of PI in this area may have an essential role in timing
the delivery in a pregnancy with severe fetal growth restriction:
correlation between hypoxemia, acidemia, risk of fetal 
mortality, and alteration of velocimetric profile of this phase
(absent or inverted a wave) has been clearly demonstrated.33

The study of the venous duct in diabetic pregnancies
showed significant differences in PI in diabetes, with or with-
out interventricular septum hypertrophy. More interesting is
the observation of significant differences between the control
group (no diabetes) and diabetes without interventricular
septum hypertrophy: this finding suggests that other factors,
independent of myocardial hypertrophy, may be responsible
of diastolic function impairment.49

In physiologic pregnancies, the E/A rate at atrioventricular
valves tends to decrease with the advancement of pregnancy,
as expression of better intracardiac compliance and myocardial
contractility, increase of pre-load (volume related to increase
of growth of fetal weight) and decrease of afterload (peripheral
resistances), reaching at the end of pregnancy a rate of about
one. In the first days of neonatal life, this rate is bigger than one.
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In newborns of diabetic mothers, the rate can remain smaller
than one: the lack of evidence of peripheral alterations 
(afterload) and of flow volume towards the right sections of
heart may suggest an alteration of diastolic function and 
of ventricular compliance. These hemodynamic aspects may
be responsible for the more frequent observation of transient
tachypnea, pulmonary edema and cardiovascular disease in
the adult (Baker’s hypothesis).50

Conclusions
● The evaluation of fetal well-being by using Doppler flow

must be preceded by a clinical evaluation of maternal 
conditions, thus recognizing the level of risk related to the
type of maternal diabetes and to the capacity to ‘normalize’
the maternal glycemic profile.

● Doppler velocimetry of uterine and umbilical arteries may
be useful for identifying the patients at risk of developing
pre-eclampsia and/or fetal growth restriction within 
diabetic pregnancies.

● There is no evidence that velocimetry of uterine and 
umbilical arteries is related to maternal glycemic control.

● Physiopathologic events leading to fetal hypoxemia and
acidemia are different from those observed in chronic 
placental insufficiency. Fetuses of diabetic mothers may be
markedly hypoxemic without velocimetric modifications of
uteroplacental and fetal areas and circle redistribution. In
intrauterine growth restriction due to reduced placental
function acidemia and hypoxemia are strictly related where

in diabetic pregnancies acidemia can be found without
hypoxemia. This simple observation suggests that impaired
placental function is unlikely to be the explanation for
acidemia in diabetes although decreased villous surface,
villous edema and thickening of the basement membrane
have all been demonstrated.

● The controversial results found in literature regarding 
correlation between peripheral fetal and uteroplacental
velocimetric patterns and neonatal outcome may be due to
potential bias in the study designs (limited number of cases
and not severe glycemic levels may justify the absence of
flow alterations) and the peculiar pathophysiology of the
disease: qualitative more than quantitative indexes may be
markers for fetal cardiovascular homeostasis in pregnancies
complicated by diabetes mellitus.

● Fetuses of diabetic mothers, regardless of glycemic control,
are at risk of developing interventricular septum hypertro-
phy with deficit of diastolic function: a velocimetric study of
the atrio-ventricular and venous area may be useful in
addressing the severity of this condition.

● Different methods of fetal surveillance in diabetic pregnancies
have been proposed, depending on the type of diabetes
(GDM, pre-existing diabetes mellitus), the degree of
glycemic control, the type of therapy (diet, insulin): there
are no randomized trials addressing which are the best
methods and timing of fetal assessment.

● Results from combined tests (cardiotocography, biophysical
profile, Doppler velocimetry) might offer the best method 
of fetal monitoring; their frequency personalized could
depending on the type of disease and pattern of fetal growth.
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Introduction
The immaturity of lung tissue and function leads to an acute
progressive breathing failure, the so-called respiratory distress
syndrome (RDS). The diabetic pregnancy, and particularly
poorly controlled maternal diabetes, represents one of the
most important risk condition for RDS.

Though the perinatal mortality rate in pregnancies compli-
cated by diabetes has declined, conditions such as congenital
malformation, prematurity, hypoglycemia and respiratory dis-
tress are still common problems of the newborns (Table 35.1).1–5

Despite the considerable improvement in neonatal care, the
morbidity for respiratory complications such as RDS in the
infants born to diabetic mothers is considerable, as is 
the financial burden of the resulting care.5,6

According to recent figures, 10–20% of all RDS cases result
from elective interference with normal pregnancy. In high-risk
pregnancy the planning of the optimal timing of the therapy, of
the delivery and the adequate fetal surveillance is even more crit-
ical7 to improve the offspring outcome.8 The improved outcome
of diabetic pregnancies depends in a large measure on accurate
timing of delivery which is determined by metabolic control,
fetal well-being and documentation of fetal lung maturity.

Until recently, RDS was the most common and most 
serious disease in infants of diabetic mothers. In the 1970s,
improved management of diabetic pregnancies resulted in 
a decline in its incidence from 31 to 3%.7,9

The observation of Kulovich indicates that the nondiabetic
fetus achieves pulmonary maturity at a mean gestational age of
34–35 weeks. By 37 weeks, more than 99% of normal newborns
have mature lung profiles as assessed by phospholipid assays.

In a diabetic pregnancy, however, it is unwise to assume that
the risk of respiratory distress has passed until after 38.5 ges-
tational weeks have been completed.7,9

Clinical studies investigating the effect of maternal diabetes
on fetal lung maturation have produced no univocal data. In 
a series of 805 infants of diabetic mothers delivered over a 
10-year period, Robert et al.9 found the corrected risk for RDS
was nearly six times that of mothers without diabetes mellitus.
With the introduction of protocols that have emphasized 
glucose control and antepartum surveillance, RDS has become
a less common complication in infants of diabetic mothers.

Several studies agree that, in well-controlled diabetic
women delivered at term, the risk of RDS is no higher than
that observed in the general population.10,11

In conclusion, the risk of hyaline membrane disease at any
given gestational age before week 38 is five to six times higher
in infants of diabetic mothers than in infants of nondiabetic
mothers.

Pathophysiology of fetal lung
maturation in diabetic pregnancies
Neonatal pulmonary function of the infants of diabetic 
mothers is suboptimal compared with infants of nondiabetic
women matched for gestational age.10,11

The mechanism by which maternal diabetes affects 
pulmonary development remains unknown. An extensive
review of the literature confirms that hyperglycemia and hyper-
insulinemia are involved in delayed pulmonary maturation
influencing pulmonary surfactant biosynthesis.12

265

Fetal lung maturity
Antonio Cutuli, Graziano Clerici and Gian Carlo Di Renzo35

Table 35.1 Perinatal morbidity in diabetic pregnancy

Morbidity Gestational diabetes Type I diabetes Type II diabetes

Hyperbilirubinemia 29% 55% 44%
Hypoglycemia 9% 29% 24%
Respiratory distress 3% 8% 4%
Transient tachypnea 2% 3% 4%
Hypocalcemia 1% 4% 1%
Cardiomyopathy 1% 2% 1%
Polycythemia 1% 3% 3%

(From California Department of Health Service, 1991.)
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This may be due to inadequate production of alveolar 
surfactant or abnormal lung maturation and function.

In vitro studies have documented that insulin can interfere
with substrate availability for surfactant biosynthesis. Smith 
et al.13 demonstrated that when insulin was added to fetal lung
cell cultures with cortisol present, steroid-enhanced lecithin
synthesis was abolished. Engle et al.14 found that higher levels
of insulin resulted in diminished glucose and choline uptake
by fetal rat type II alveolar cells.

Carlson et al.15 have shown that insulin blocks cortisol
action at the level of the fibroblasts by reducing the production
of fibroblast–pneumocyte factor.

Other authors16 reported abnormal timing of phospholipid
production in diabetic pregnancy, as indicated by a delay in
the appearance of phosphatidylglycerol in the amniotic fluid
only in gestational diabetes (White’s class A patients). Smith17

postulated that insulin interferes with normal timing of
glucocorticoid-induced pulmonary maturation in the fetus.

Some investigators have disagreed with these findings,
reporting that fetal lung maturation occurred later in 
pregnancies with poor glycemic control regardless of class of
diabetes.18–22 Bourbon et al.23 proposed that elevated maternal
plasma level of myoinositol in diabetic women may inhibit or
delay the fetal production of phosphatidylglycerol.

It is suspected that neonatal respiratory problems in these
infants have a histologic basis in addition to biochemical origin.
Pinter et al.24 demonstrated decreased fluid clearance and lack
of thining of the lung’s connective tissue compared with con-
trols in the fetal lung of diabetic rat. Bhavnani et al.25 reported
higher lung glycogen levels and reduced pulmonary compliance
in offspring of diabetic rabbits compared with controls.

Glucose balance has an effect on the incidence of the hyaline
membrane disease (Figure 35.1). Several studies have
attempted to explain the mechanism of hyaline membrane
disease. Hawdon and Aynsely-Green,26 in an investigation of
type II pneumocytes in rats and rabbits, showed that insulin
inhibits the cortisol-dependent production of phosphatidyl-
choline, apparently as a consequence of the inhibited production
of one of the prerequisites of phosphatidylcholine, fibroblast–
pneumocyte factor. In rats, high glucose levels block the trans-
formation of choline to phosphatidylcholine, and butyrate
blocks the translation of mRNA into surfactant proteins.

Evaluation of fetal lung maturity
Fetal lung maturity assessment has become a very important
tool in the management of high-risk pregnancies, especially
the diabetic ones.

In the past, elective preterm delivery to avoid unexpected
intrauterine death was common. This practice often resulted
in high incidence of neonatal morbidity and mortality. With
improvement of glycemic control and better techniques of
antepartum surveillance, most patients with diabetes now
deliver at term.25

In view of the risk of lung immaturity in fetuses of diabetic
mothers, the assessment of fetal lung maturity is essential.27

A number of diagnostic methods with high degree of
accuracy and predictability have been developed and are 
now available.

Unless excellent gestational dating has been established in a
well controlled patient who has reached 39 weeks’ gestation,
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Figure 35.1 Perinatal mortality after introduction of insulin therapy and amniotic fluid analysis. (Modified from Moore.32)
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an amniocentesis should be performed before elective delivery
to assess fetal pulmonary maturity.

Several controversies exist surrounding fetal lung maturity
in diabetes pregnancies. Berkowitz et al.28 concluded that 
biochemical maturation of the fetal lung in diabetic pregnan-
cies strongly correlated with gestational age and did not appear
to be significantly delayed when compared to nondiabetic ones.

Moore29 found that the degree of delay in lung maturity
testing appeared to be greater among those patients with 
pre-existing diabetes compared with those with gestational
diabetes mellitus. In contrast, Langer30 found no difference in
pre-existing diabetes and gestational diabetes in pulmonary
immaturity rates (Figure 35.2).

A prospective study on determination of fetal lung 
maturity in diabetic mothers demonstrates that irrespective of
fetal lung maturity testing, RDS is extremely rare in this large
cohort of term infants born to gestational and pre-gestational
diabetic women. In this study up to 15–25% of term diabetic
pregnancies will have ‘immature’ fetal lung maturity testing
utilizing various measurements of surfactant, but rarely do
these infants exhibit RDS.31

In normal pregnancies, any test of gestational age or gen-
eral fetal maturation state correlates well with the degree of
fetal lung maturity because maturational events are normally
linked closely with gestational age (Table 35.2). A test of lung
maturation in the abnormal pregnancy, such as diabetic one,

is not a test of gestational age. Tests of fetal lung maturation
depend on amniotic fluid composition reflecting the status 
of the fetal lung.

Phospholipids
The lecithin–sphingomyelin ratio (L/S ratio) was introduced
by Gluck and colleagues in the 1971.33 The test depends on the
flow of fetal lung fluid into amniotic fluid changing in this
phospholipid composition. The result is expressed as the ratio
of a lecithin (phosphatidylcholine) to sphingomyelin.

Sphingomyelin is a general membrane lipid and is not
related to lung maturational events. The sphingomyelin 
content in amniotic fluid tends to fall from about 32 weeks’
gestational age to term, whereas the more satured lecithin 
concentration (a large part from the fetal lung) increases.

The L/S ratio for normal pregnancies is less than 0.5 at 
20 weeks, gradually increases to 1.0 at 32 weeks and around 
35 weeks achieves a value of 2.0 correlating it with fetal 
lung maturity, empirically RDS is unlikely if it is more 
than 2.0 (Figures 35.3 and 35.4).

The evaluation of the L/S ratio by chromatography is 
standardized and the determination methods show a sensitivity
of 83–97% and a specificity of 98%.36–38 This approach, never-
theless, is problematic due to the difficulty of performing it as a
routine activity: it requires expertise and special laboratory tools.
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Figure 35.2 Pulmonary immaturity rates. DM: diabetes mellitus. (Modified from Langer.30)
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Table 35.2 Accuracy of tests to assess fetal lung maturity

Parameter Measurement made

Sensitivity Ability of test to correctly identify all fetus at risk for RDS
Specificity Ability of test to correctly identify all fetuses not at risk for RDS
False-positive rate Percentage of fetuses identified as being at risk for RDS but do not develop RDS
False-negative rate Percentage of fetuses identified as not being at risk for RDS but develop RDS
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Many factors can affect the L/S ratio. Lecithin is found in
many body fluids including blood, vaginal secretions, and 
gastrointestinal fluid.

The value of the L/S ratio has been questioned in diabetic
pregnancies where there is an increase of false negatives which
could reach a quarter of cases, varying from 3 to 30%. Most
series, however, report a low incidence of RDS with a mature
L/S ratio.9

Some authors show that the L/S ratio may not be a reliable
indicator of pulmonary maturity in diabetic pregnancies,10

Gindes et al.39 affirm that a ratio above 2.0 does not guarantee
for lung maturation. Diabetes may affect the secretion of the
fetal lung fluid, resulting in a higher removal of phospholipids
from alveolar lining and in an increase false-negative rate.40

Other authors reported no difference between diabetic
patients and controls.41,42 When maternal diabetes is well 

controlled during pregnancy, the L/S ratio can be reliably used
to establish the risk of neonatal RDS.43,44

Surfactant of mature lungs contains phosphatidylglycerol
(PG), which is absent early in gestation and only appears 
at about 35 weeks’ gestational age.35 Phosphatidylglycerol 
is virtually present only in lung tissue and surfactant.
Thus, amniotic fluid contaminated with blood or meconium
can be analysed for this substance.45 When PG is present, RDS
does not occur except possibly in case of intrapartum
acidemia and hypoxemia or other fetal disease. With trace
amounts of PG in amniotic fluid, an incidence of RDS <1%
has been reported.46 Many authors confirmed that the addi-
tion of detection of PG decreases the rate of false positives sig-
nificantly and improves the specificity of the L/S ratio.46

The appearance of the acidic phospholipid phosphatidyl-
glycerol may be delayed by fetal hyperinsulinemia and it is
associated with an increased incidence of RDS. Although the
appearance of PG has been reported to be delayed in pregnan-
cies of diabetic women, it remains a reliable predictor of
pulmonary maturity.47 However, the absence of PG in diabetic
pregnancy does not imply the diagnosis of pulmonary 
immaturity, since PG fails to appear in 10% of amniotic fluid
samples by 40 weeks’ gestation48 and the presence of PG is
reported in only half of samples studied for both diabetic and
nondiabetic patients with mature L/S ratios and gestation 
of 34 weeks or beyond.

Prior to lung maturation, phosphatidylinositol (PI)
increases in amniotic fluid from about 26 weeks to 35 weeks.
PG appears in amniotic fluid as the percentage of phospha-
todylinositol decreases.35

The ‘lung profile’ is a test that combines the L/S ratio with
measurements of the percentage of disaturated (acetone 
precipitable) lecithin (phosphatidylcholine), phosphatidyli-
nositol and phopsphatidylglycerol in the amniotic fluid.16 The
information provided by this profile enhances the accuracy of
diagnosing fetal lung maturity and provides further details on
lung development. In a small group of cases, the specificity
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Figure 35.4 L/S ratio, phosphatidylglycerol (PG) and phosphatidylinositol (PI) in amniotic fluid from normal pregnancies. (From
Gluck et al.34 and Hallman et al.35)
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Figure 35.3 Changes in the concentrations of lecithin and
sphingomyelin in the amniotic fluid. The vertical lines indicate
achieved pulmonary maturity in nondiabetic (black) and
diabetic (gray) pregnancy.
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was increased from 69 to 93% by substituting the lung 
profile for the L/S ratio.36

The introduction of immunological (Amniostat-FLM)
evaluation of phosphatidylglycerol provides rapid results with
minimal equipment needs.49–51 However, this method has a
false-positive rate >50%. Literature data confirm the utility of
this approach as a screening test for its rapidity and simplicity
of execution, particularly in cases of contamination and/or in
diabetic patients. The results of phosphatidylglycerol assay by
thin-layer chromatography and Amniostat-FLM were
reported to be concordant in 90–95% of the cases.52

Proteins
The predominant protein involved in surfactant metabolism 
is a 35-kDa protein, called surfactant associated protein 
35 (SAP-35). This protein originates from type II alveolar
cells. An increase in amniotic fluid occurs near term and a 
significant correlation with pulmonary maturity has been
reported.53,54 The measurement of this protein is simply 
available using an ELISA method and a specific monoclonal
antibody. For Hallman et al.54 the test predicted an RDS with
an accuracy similar to that of L/S ratio. In high-risk pregnancies
such as diabetes or hypertension, the levels of SAP-35 have less
correlation with fetal pulmonary maturity and are probably
not highly reliable in these situations.54

Lipids
In amniotic fluid at term cholesterol palmitate is present.
Its role is not known but it could serve as a transport mode 
for palmitic acid which is used in the synthesis of saturated
phosphatidycholine. A simple method for determining this
substance in amniotic fluid has been reported, using thin-layer
chromatography and densitometry.55 In a small group of
patients, levels of cholesterol palmitate were correlated with
fetal lung maturity. However, a similar correlation was not
demonstrated in diabetic pregnancies.56

Fluorescence polarization
There are at present two systems used to measure fluorescence
polarization: the FELMA microviscometer and the TDX
system. The fluorescence polarization of amniotic fluid is in
large part determined by binding of the probe to phospholipid
structures and to the predominant protein, albumin.57

Fluorescence polarization of amniotic fluid is inversely related
to the L/S ratio.58,59 The specificity of this method to predict
RDS ranges from 50 to 70%.60,61 The technique is not reliable
when amniotic fluid is contaminated by blood or meconium.
The fluorescence polarization values are not significantly
affected by high-risk pregnancy except for maternal diabetes,
which has variable effects on values, and is an unreliable 
indicator of fetal maturity.62

In a multicenter study of the TDX system, a sensitivity of
96% and a specificity of 88% were obtained with a cutoff value
for maturity set at 50 mg/g (surfactant/albumin value). In this
evaluation the corresponding sensitivity and specificity for L/S
ratio was 96 and 83%, respectively.63 In insulin-dependent 

diabetic patients, a TDX–FLM value of at least 70 mg/g is not
associated with RDS requiring intubation.64,65 Parvin et al.
showed that the incorporation of gestational age into the 
evaluation of fetal lung monitoring allows for individualized,
gestational age-specific risk assessment and provides 
gestational age-specific cutoffs with increased specificity.
In fact, the odds of RDS decrease by 31% for each increasing
week of gestational age and decrease by 67% for each 10 mg/g
increase in the TDX–FLM II ratio. Gestational age specific
TDX–FLM II cutoffs are provided with sensitivities between
84 and 100%.66

Other tests
Another method used to assay fetal lung maturation is the
evaluation of lamellar-body (LB) concentrations contained in
surfactant where LB are secreted by type II pneumocytes; thus
LB count is easy to quantify and requires no special 
instrumentation (Coulter counter).67 Cutoff values of
≥30,000–35,000/ml have a sensitivity of almost 100% and a
specificity of 96%. More recent studies suggest that LB count
more than 50,000/µl predicts pulmonary maturity. The 
negative predictive value of this cutoff is 93% and positive
predictive value is 48%; the sensitivity for prediction of RDS is
85% and specificity 70%.68 According to Ghidini et al.69 the LB
count >37,000 is an optimal diagnostic threshold for the 
diagnosis of lung maturity in nondiabetic pregnant women.

In a recent study70 considering high-risk pregnancies, such
as diabetic mothers, they found that LB count is a screening
test for predicting neonatal lung maturity as good as maturity
assay by fluorescence polarization and it is more reliable than
the foam stability index test.

Nevertheless, there are no large data on the ability of this
method to assess fetal lung maturity in diabetic pregnancies.
The use of LB count in pregnancies complicated by diabetes
mellitus was evaluated by DeRoche et al.71 These authors
found that a LB count of 37,000/µl has a sensitivity of
80% and a specificity of 100% in the prediction of fetal lung
maturity by standardized methods of phospholipid analysis.
Such a count (≥37,000/µl) correlated with the lecitin/
sphingomyelin ratio and phosphatidyglycerol values in 
pregnancies of diabetic patients.

Stable microbubble test on amniotic fluid is recognized as
a rapid, simple and reliable procedure that can identify 
infants who are likely to develop RDS.72 In this test, a rating of
microbubble ≥20/mm2 indicates that idiopathic RDS will not
occur after delivery. Complete absence of stable microbubble
suggests high risk of RDS. Bubbles formed by agitation with
Pasteur pipette were examined in hanging drops under a micro-
scope using 10× power.72,73 There are no studies dealing with the
application of a stable microbubble test on diabetic pregnancy.

In the amniotic fluid there are some specific protein such as
apoprotein A (SP-A), which combined with dipalmitoylphos-
phatidylcholine and phosphatidylglycerol forms an active
complex. SP-A increases in amniotic fluid in parallel with
phospholipids. Several immunological tests have been 
proposed to measure it, and a specific enzyme-linked
immunoassay has been developed.74 No data are available
regarding its use in diabetic pregnancy.
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For testing fetal lung maturity, the foam stability index and
the so-called ‘shake’ test have been introduced, based on the 
formation of a stable layer of foam in a test tube containing a
mixture of amniotic fluid and ethanol. The presence of blood or
meconium interferes with these tests. These are simple tests but
they are not widely employed overall in high-risk pregnancies.75

Summary
Caution must therefore be used in planning the delivery of
patients with a mature >L/S ratio and absent PG. The L/S ratio
can be used to assess fetal lung maturity when glucose levels
have been well controlled in a diabetic pregnancy. But when
control has been erratic or is difficult to assess, positive 
phosphatidylglycerol or higher L/S ratio (>2.5) should be used
to predict fetal lung maturity.76

A study77 has compared fetal lung maturity as determined
by amniotic fluid test in diabetic pregnancies under 
euglycemic control, with matched controls. The authors found
no statistical difference when comparing fetal lung maturity
indices between diabetic pregnancies and controls (Table 35.3).

Furthermore, comparing Type I and Type II diabetes with
respective controls, the only significant difference detected
was for a higher proportion of PG presence in the type II
group compared to controls (Table 35.4).

Ghidini et al.78 affirm that an L/S ratio of ≥3.0 represented
the optimal trade-off between sensitivity (68%) and false-
positive rate (6%) in the prediction of presence of PG.
Similarly, a significant relationship exists between LB count
values and presence of PG. A LB count of ≥50,000 represents
the optimal trade-off between sensitivity (92%) and false 
positive rate (0) in the prediction of presence of PG. Then, in
diabetic pregnant patients, the presence of PG in the amniotic
fluid more closely corresponds to an L/S ratio of ≥3.0 or to 
a lamellar body count of ≥50,000.

According to Piper79 amniotic fluid analysis is not neces-
sary at or beyond 38 weeks of gestation well-dated diabetic
pregnancies with good glycemic control. This limits the
potential need for amniotic fluid assessment in order to 
planning elective delivery in cases in which lung maturation is
anticipated to be delayed nor in cases with late or inadequate
prenatal care resulting in unconfirmed dates. However, this
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Table 35.4 Comparison of fetal lung indices in Type 1 and Type 2 gestational diabetes

Type 1 diabetes (IDDM) Type 2 diabetes (GDM)

Test IDDM (n = 19) Controls (n = 19) P GDM (n = 26) Controls (n = 26) P

Shake test 2.6:1 ± 1.4 2.0:1 ± 1.1 NS 4.0:1 ± 0.6 3.0 ± 1.2 NS
Planimetric L/S 3.1 ± 1.0 3.3 ± 1.1 NS 3.5 ± 1.4 4.3 ± 2.5 NS
Stechiometric L/S 7.6 ± 4.7 6.0 ± 4.4 NS 5.9 ± 3.4 8.8 ± 7.5 NS
Phosphatidylglycerol* 47% 42% NS 53% 46% 0.01
Lamellar bodies count (×103/µl) 32.0 ± 20.7 34.0 ± 24.0 NS 39.4 ± 30.7 37.1 ± 27.1 NS

Values are mean ± SD.
*Percent of phosphatidylglycerol presence on chromatography.
(From Piazze et al.77)

Table 35.3 Comparison of fetal lung indices between diabetic pregnancies and matched controls at different 
gestational age

28–34 weeks 35–38 weeks

Diabetic Diabetic
pregnancies Controls pregnancies Controls

Test (n = 18) (n = 18) P (n = 27) (n = 27) P

Shake test 2.1:1 ± 1.4 2.6:1 ± 1.1 NS 3.7:1 ± 0.9 3.0 ± 1.2 NS
Planimetric L/S 3.0 ± 1.9 2.8 ± 0.9 NS 3.8 ± 1.2 4.6 ± 1.9 NS
Stoichiometric L/S 5.8 ± 1.7 3.8 ± 1.7 NS 9.8 ± 7.2 8.4 ± 6.6 NS
Phosphatidylglycerol* 33% 26% NS 70% 79% NS
Lamellar bodies count (×103/µl) 37.2 ± 38.4 34.2 ± 10.6 NS 45.3 ± 32.7 50.0 ± 32.4 NS

Values are mean ± SD.
*Percent of phosphatidylglycerol present on chromatography.
(From Piper.79)
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author confirms the ability of PG to more accurately detect
lung maturity and immaturity in diabetic pregnancies.

Ventolini et al. proposed a fetal lung maturity algorithm
recommended when an elective delivery is planned before 
39 weeks’ gestation.75,80 The first test to be used is the LB
count, results being available within 10–15 min. A count of
50,000 or more indicates maturity. A count below 15,000 indi-
cates immaturity. When the LB count falls between 15,000 and
50,000 it is classified as transitional. In these circumstances,
a TDX–FLM II test should be performed on the same sample.
This test requires longer processing time. A value of 55 mg/g
is considered mature and a value of <40 mg/g is considered
immature. When the TDX–FLM II result falls between 40 and
55 mg/g, it is considered borderline, and the amniotic fluid
should be further tested for the presence of PG and L/S ratio.
The presence of PG or a L/S ratio of ≥2.5 indicates that the
fetal lungs are mature. Confirmation of fetal lung maturity
should be obtained before delivery and planned Cesarean 
section. Moore32 has suggested that six points be ascertained
in order to fulfil this requirement (Box 35.1).

Induction of fetal lung maturity
When fetal lungs are immature, the infant will most likely
develop respiratory distress syndrome, and about 25% of
untreated infants die within 28 days of birth, and another 
25% will develop chronic lung disease (bronchopulmonary
dysplasia).

Since 1972, when Liggins and Howie reported decreased
RDS in newborns from mother who received a prenatal
administration of corticosteroids,81 several randomized trials
have utilized steroids (and/or other drugs) to induce and/or
improve pulmonary maturity. Many reports have confirmed
the original findings that antenatal administration of gluco-
corticoids to the mother is associated with a statistically signif-
icant reduction in the incidence of RDS.82 Almost all have
demonstrated the efficacy of corticosteroids treatment for
reducing perinatal morbidity and mortality, as confirmed by 
a recent meta-analysis on the role of corticosteroids to prevent
RDS.83 During the last decade, the strategy for the prevention
of RDS has been directed towards the acceleration of fetal lung
maturity by administering various hormones to the mother.
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Box 35.1 Confirmation of fetal maturity before
induction of labor or planned cesarean section in 
diabetic pregnancy

1. Phosphatidylglycerol >3% in amniotic fluid collected
from vaginal pool or by amniocentesis

2. Completion of 38.5 weeks’ gestation
3. Normal last menstrual period
4. First pelvic examination before 12 weeks confirms dates
5. Sonogram before 24 weeks confirms dates
6. Documentation of more than 18 weeks of unamplified

(fetoscope) fetal heart tones

Box 35.2 Guidelines produced in 1994 and revised in 2000: National Institutes of Health92,93

Antenatal Corticosteroids

Clinical Recommendations
● All pregnant women between 24 and 34 weeks gestation who are at risk of preterm delivery within 7 days should be

considered candidates for antenatal treatment with a single course of corticosteroids.
● Treatment consists of two doses of 12 mg of betamethasone given intramuscularly 24 hours apart or four doses of 6 mg of

dexamethasone given intramuscularly 12 hours apart, as recommended by the consensus panel in 1994. There is no proof
of efficacy for any other regimen.

● Because of insufficient scientific data from randomized clinical trials regarding efficacy and safety, repeat courses of
corticosteroids should not be used routinely. In general, it should be reserved for patients enrolled in randomized controlled
trials. Several randomized trials are in progress.

What additional information should be obtained?
● The following research is recommended:

- Well-designed randomized clinical trials which are of sufficient power to evaluate efficacy and safety are needed.
- In light of the possible risks, the design of randomized clinical trials should minimize the exposure of mothers and

fetuses while protecting the integrity of the research design.
● These trials should assess:

- clinically important neonatal morbidities, such as respiratory distress syndrome, chronic lung disease, and brain injury
- clinically important maternal morbidities, such as infection and adrenal suppression
- the effects of repeat courses of corticosteroids on patterns of fetal and postnatal growth
- the potential effects of incremental courses on benefits and risks, since the benefits of repeat courses of antenatal

corticosteroids are likely to decrease with advancing gestational age
- the efficacy and safety of rescue therapy
- the interaction of repeat courses of antenatal corticosteroids with postnatal corticosteroid therapy
- long-term growth and neuropsychological outcome up to at least school age, using state-of-the-art techniques.

● In addition: animal studies should evaluate the pathophysiologic and metabolic mechanisms of potential benefits and risks,
including the effects of repeat corticosteroids on central nervous system myelination and brain development.
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Box 35.3 Guidelines from the RCOG94 on the antenatal use of glucocorticosteroids

Guidelines of Royal College of Obstetricians and Gynecologists

Antenatal corticosteroids to prevent Respiratory Distress Syndrome
Effectiveness
● Antenatal corticosteroids are associated with a significant reduction in rates of RDS, neonatal death and intraventricular

hemorrhage. Evidence level Ia
● The cost and duration of neonatal intensive care is reduced following corticosteroid therapy. Evidence level III
● The optimal treatment–delivery interval for administration of antenatal corticosteroids is after 24 h but fewer than 7 days

after the start treatment. Evidence level la
● The use of antenatal corticosteroids in multiple pregnancies is recommended, but a significant reduction in rates of RDS has

not been demonstrated.
● If a tocolitic is used, ritodrine no longer seems to be the best choice. Atosiban or nifedipine appear to be preferable, as they

have fewer adverse effects and seem to have comparable effectiveness. Evidence level la
Safety
● Women may be advised that the use of a single course of antenatal corticosteroids does not appear to be associated with

any significant maternal or fetal adverse effects. Evidence level lb
● The use of antenatal corticosteroids in pregnancies complicated by maternal diabetes mellitus is recommended, but a

significant reduction in rates of RDS has not been demonstated.
Strict glycaemic control prior to conception and during pregnancy has been shown to reduce the incidence of neonatal RDS to
that of matched control. Women with either insuline-dependent diabetes or gestational diabetes were not entered into
randomized controlled trials of antenatal corticosteroids therapy, so there is no evidence that antenatal corticosteroid therapy is
either safe or effective in these circumstances. In view of the adverse effect of maternal hyperglycemia on fetal lung maturity it
is possible that any benefit corticosteroids could be offset by corticosteroid-induced hyperglycemia.
Indications for antenatal corticosteroid therapy. Evidence level Ia
Every effort should be made to initiate antenatal corticosteroid therapy in women between 24 and 34 weeks of gestation with
any of the following:
● Threatened preterm labor
● Antepartum hemorrhage
● Preterm rupture of the membranes
● Any condition requiring elective preterm delivery 
Between 35 and 36 weeks obstetricians might want to consider antenatal steroid use in any of the above conditions although
the numbers needed to treat will increase significantly.
Contraindications 
● Corticosteroid therapy is contraindicated if a woman suffers from systemic infection including tuberculosis. Caution is

advised if suspected chroioamnionitis is diagnosed.
Dose and route of administration
● Betamethasone is the steroid of choice to enhance lung maturation. Recommended theraphy involves two doses of

betamethasone 12 mg, given intramuscularly 24 h apart. Evidence level III
A large observational study suggested that antenatal exposure to betamethasone, but not dexamethasone, is associated with a
decrease risk of cystic periventricular leucomalacia among premature infants born at 24–31 weeks of gestation.
Repeated doses 
● The use of repeated courses of antenatal corticosteroids has not been shown to have any significant benefit. Evidence level III
Effectiveness of thyrotrophin-releasing hormone
● The use of thyrotropin-releasing hormone is not recommended in combination with antenatal corticosteroids. Evidence level Ia
Classification of evidence levels 
The evidence used in this guideline was graded using the scheme below and the recommendations formulated in a similar
fashion with a standardised grading scheme.
● Ia Evidence obtained from meta-analysis of randomized controlled trials. 
● Ib Evidence obtained from at least one randomized controlled trial. 
● Ila Evidence obtained from at least one weIl-designed controlled study without randomization. 
● Ilb Evidence obtained from at least one other type of well-designed quasi-experimental study.
● III Evidence obtained from well-designed non-experimental descriptive studies, such as comparative studies, correlation 

studies and case studies.
● IV Evidence obtained from expert committee reports or opinions and/or clinical experience of respected authorities.
Grades of recommendations 
● Requires at least one randomized controlled trial as part of a body of literature of overall good quality and consistency

addressing the specific recommendation. (Evidence levels Ia, Ib). 
● Requires the availability of well controlled clinical studies but no randomized clinical trials on the topic of

recommendations. (Evidence levels IIa, IIb, III). 
● Requires evidence obtained from expert committee reports or opinions and/or clinical experiences of respected authorities.

Indicates and absence of directly applicable clinical studies of good quality. (Evidence level IV).
Good Practice Point 
● Recommended best practice based on the clinical experience of the guideline development group.
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Gojnic et al.84 tried to reduce or even eliminate the risks of
fetal macrosomia by accelerating fetal maturation and delivery
before the 36th week (34th to 36th week). Acceleration of fetal
maturation was achieved by endogenous release of thyrotropin-
releasing hormone stimulated by periodic fluctuations in fetal
oxygenation resulting from oxytocin-induced uterine contrac-
tions. This approach needs further evaluation. At present, glu-
cocorticoids remain the most widely used and the safest agents.

A recent Cochrane review85 of antenatal corticosteroids for
accelerating fetal lung maturation included 21 studies 
(comprising a total of 3885 women and 4269 infants) and
demonstrated that treatment with antenatal glucocorticos-
teroids (AGC) does not increase the risk of chorioamnionitis
or puerperal sepsis or of death to the mother. Treatment with
antenatal corticosteroids is associated with an overall reduction
in neonatal death, RDS, cerebroventricular hemorrhage,
necrotizing enterocolitis, respiratory support, intensive care
admissions, and systemic infections in the first 48 h of life.85,86

A complete course of AGC has been found to be independ-
ently associated with a decreased risk for severe IVH also in
preterm very low birthweight infants from multiple pregnan-
cies.87 For every 11 fetuses treated with AGC there will be one
fewer case of RDS and a similar reduced need for postnatal
surfactant treatment. There will be also one fewer death in the
neonatal period for every 23 treated fetuses and a similar
reduction in IVH. Since it is unlikely that further prospective
controlled trials on AGC will ever be performed, the results of
the meta-analysis by Crowley88 represent the definitive 
evidence-based proof of the effects of AGC. In a well performed
study, betamethasone was found to reduce periventricular
leukomalacia PVL, whereas dexamethasone tended to increase
the risk (1.5, 0.8–2.9).89 Furthermore, only betamethasone
was associated with reduced mortality (0.52; 0.39–0.70)
whereas dexamethasone was not (0.89; 0.60–1.32).89 The 
optimal dosage to administer has been fixed as two doses of
12 mg of betamethasone given i.m. 24 h apart or four doses of
6 mg of dexamethasone i.m. given every 12 h. For infants born
at 29–34 weeks’ gestation, treatment with AGC clearly reduces
the incidence of RDS and of overall mortality. While AGC do
not clearly decrease the incidence of RDS in infants born at
24–28 weeks’ gestation, they reduce its severity. More impor-
tantly, AGC clearly reduce mortality and the incidence of IVH
in this group. All fetuses between 24 and 34 weeks’ gestation
should be considered candidates for this treatment, unless
immediate delivery is imminent or AGC may have an adverse
effect on the mother.90 The only absolute contraindications 

to the use of AGC are chorioamnionitis, peptic ulcer and
tuberculosis. In infants born beyond 34 weeks’ gestation the
risk of neonatal mortality, RDS, and IVH is low. The use of
AGC in mothers expected to deliver at more than 34 weeks is
not recommended, unless there is evidence of pulmonary
immaturity using amniotic fluid FLM tests.91

We report the Guidelines produced by the National Institute
of Health in the United States in 1994 and revised in 200093 on
the effect of corticosteroids for fetal lung maturation on perina-
tal outcomes (Box 35.2), and those of The Royal College of
Obstetricians and Gynaecologists on the same issue, published
in 1996 and revised in 2004 (Box 35.3).94 Finally, we report the
summary of current recommendations on the use of AGC from
the European Association of Perinatal Medicine90 (Box 35.4).

Conclusions
If a pregnant woman has diabetes under poor control, the
infant is at risk for RDS because of delayed lung maturation,
which includes a delay in the appearance of surfactant and,
probably, delayed lung structural maturation as a result of both
high insulin and glucose effects on fetal lung parenchima.
However, concerns about reliability of the lung maturity 
tests in diabetic pregnancies has decreased as management of
the pregnant diabetic has focused on good control of blood
glucose levels.95

Strict blood glucose control should be maintained during
pregnancy, and the timing of delivery should be taken only
when a combination of tests for the prediction of fetal lung
maturity and eventually induction of this has been performed.
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Box 35.4 Key Guidelines from European Association of
Perinatal Medicine on antenatal use of corticosteroids90

● Administration of one single-course of ACG is the most
important treatment to prevent RDS and brain injury and
increase survival that can be provided by the
obstetrician to patients at risk of preterm delivery at
24–34 weeks of gestation

● Based on observational clinical and animal studies,
betamethasone is preferable to dexamethasone

● There is no direct evidence that tocolytic treatment per se
might affect the risk of perinatal brain injury or adverse
neurological outcome
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Introduction
Alteration of fetal carbohydrate metabolism may contribute to
intrauterine asphyxia. There is considerable evidence linking
hyperinsulinemia and fetal hypoxemia. Hyperinsulinemia
induced in fetal lambs by an infusion of exogenous insulin
produces an increase in oxygen consumption and a decrease
in arterial oxygen content. The fetus of the diabetic mother is
also at increased risk of asphyxia because of other factors such
as increased fetal metabolic rate and oxygen requirement,
ketoacidosis and the increased incidence of certain pathological
conditions in the diabetic pregnancy, e.g. pre-eclampsia and
vasculopathy, which can result in a reduction in placental
blood flow and fetal oxygenation.

All these factors make intrapartum fetal surveillance in
pregnancies complicated by maternal diabetes of fundamental
importance. In this chapter the basis and current development
of intrapartum fetal monitoring, with particular reference to
ST waveform analysis of the fetal electrocardiogram (ECG),
will be reviewed. The twentieth century saw dramatic develop-
ments in medical care as technological advances were applied
to both diagnosis and treatment. However, some areas of
obstetrics have been slow to benefit from these advances, and
none more so than the care of the fetus in labor. Fetal surveil-
lance during labor constitutes a challenge in information
management. To give birth is a natural process for women. For
the child it may constitute a threat for intact survival and 
ominous changes may appear within minutes, putting labor-
ward management in the forefront of medical high-risk 
management. The nurse/midwife/obstetrician manages this
complex situation by visual analysis of a host of information,
both clinical and that directly recorded, from the fetus in 
particular. The current situation is far from satisfactory and a
new strategy has to be developed and implemented to take
obstetric management further into this century.

What information is required?
The capacity of fetuses to handle hypoxemia may differ
greatly, depending not only on the condition prior to labor
but also due to events during labor which may affect the 
ability to mobilize these defense systems. Therefore, it may 
be difficult to rely only on the actual level of oxygenation.
Instead, it may be more rewarding to try to interpret the 

reactions taking place in a high-priority organ like the heart or
the brain.

Much would be gained if there were continuous informa-
tion available providing direct measure on the ability of the
fetus to respond to the stress of labor. The fetal ability to adapt
to hypoxemia, hypoxia, and asphyxia involves multiple defense
mechanisms. These consist primarily of behavioral changes,
i.e. reduced active sleep with fewer fetal movements and
enhanced extraction of available oxygen. Cardiovascular com-
pensation that increases blood flow to the most important
organs, i.e. the brain, the heart, and the adrenals, is of impor-
tance during hypoxia, as is the metabolic defense of anaerobic
metabolism. It is only when these compensatory mechanisms
are insufficient that asphyxia will develop and along with it the
possibility of central nervous system damage and handicap
(for review see Greene and Rosén1).

Available techniques
To achieve a change, we need to analyze what were the short-
comings when electronic fetal monitoring (EFM) was intro-
duced some 30 years ago. With EFM obstetricians hoped 
to prevent the delivery of dead or impaired babies who had
suffered from birth asphyxia. It is now realized that car-
diotocography (CTG) does not provide all the information
required to do this.2,3 Misinterpretation of the CTG not only
causes an increase in unnecessary intervention but is also
implicated in a large proportion of patients with birth
asphyxia and avoidable perinatal morbidity.4 Misinterpretation
could be corrected with improved understanding and
enhanced identification of specific events in fetal heart rate
(FHR) patterns. The automatic assessment of FHR variability
and reactivity antenatally provides a good example of the
latter. Physiologically, there are a multitude of factors influ-
encing FHR in the term fetus and it should not be anticipated
that there are FHR features that are specific enough to 
discriminate between different levels of hypoxia. However,
at the same time, EFM provides relevant information of
fetal reactiveness, i.e. a fetus showing a completely normal
CTG should have matters under control. At the same time,
a CTG pattern with complete lack of FHR variability and 
reactivity (Figure 36.1) should serve as the best indicator of a
fetus that has lost its ability to respond and is in a preterminal
situation.

Monitoring in labor
Roberto Luzietti and Karl G. Rosén36
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Fetal blood sampling
Fetal blood sampling (FBS) can be used along with CTG mon-
itoring to assess the fetal acid–base status during labor and can
reduce operative intervention,5 but it requires additional
expertise, is time consuming, and gives only intermittent
information; therefore, it is not widely used.3

Considering the need to improve understanding of the
process of intrapartum hypoxia, very little new information
has emerged with regard to the analysis of scalp pH since the
early work by Rosén et al.6 At the same time as EFM and FBS
have been shown to improve outcome, the use of FBS has also
been questioned by analyzing outcome measures in a large
clinical service where the rate of FBS decreased from 1.76 to
0.03% without any change in the Cesarean section rate or an
increase in indicators of perinatal asphyxia.7 Thus, the attitude
towards the clinical usefulness of FBS and scalp pH is, after 
30 years, still unclear.

To what extent should a scalp pH add to our ability to iden-
tify fetuses at risk of intrapartum hypoxia? The limitation of a
scalp pH is that it will always reflect the status of the periph-
eral blood where an acidosis is inherent due to the accumula-
tion of CO2. Respiratory acidemia is generated in the blood,
whereas metabolic acidemia is generated in the tissues. This
means that a scalp sample per se will not always reflect the state
of the tissues. If the aim is to identify those fetuses suffering
from metabolic acidosis, a scalp blood pH may be a poor 
predictor. Furthermore, the effectiveness of FBS in clinical
practice is another problem. In the Plymouth trial, despite the
use of a strict protocol, 39% of cases had FBS performed
unnecessarily and 33% of cases did not have it performed
when it was indicated.5 The decision to perform FBS depends
on the interpretation of the CTG: if the level of CTG interpre-
tation is suboptimal, the value of monitoring by FBS is limited.8

Pulse oximetry
Pulse oximetry is focused on recording the actual level of
fetal hypoxemia and relates the level of oxygenation of organ

function as indicated by FHR.9 A US multicenter randomized
trial of 1010 women in labor with a non-reassuring FHR 
tracing showed a reduction in emergency Cesarean sections
from 10 to 5%. However, unexpectedly, the study also 
showed an increase in the Cesarean section rate for failure to
progressin the test group, 19 vs. 9%, and the overall Cesarean
section rates were not different between the test and control
groups.

The current literature holds somewhat diverging views on
the information available from fetal pulse oximetry during
labor. The issue still to be resolved is the ability of CTG + pulse
oximetry to provide diagnostic capacity on fetal metabolic aci-
dosis.10,11 Thus, the situation may arise where the two param-
eters in combination may not be specific enough to enable the
obstetrician to grade the impact of hypoxemia on fetal organ
function.

A different approach to assess fetal condition during labor
is that based on evaluation of high-priority organ function. ST
analysis of the ECG during exercise testing is well proven in
assessing myocardial function in the adult.10

Fetal ECG
Similar to the adult stress test, ST waveform analysis of the
fetal ECG, affected by the stress of labor, should provide key
information about the ability of the high-priority organ, i.e.
the fetal heart, to respond. This assumption seems to hold true
and ST analysis has emerged not as an alternative to CTG but
as a support tool, allowing more accurate interpretation of
intrapartum events along the lines depicted in Figure 36.2.
Furthermore, the fetal ECG is readily obtainable during labor
from the same scalp electrode used to obtain the FHR and no
alterations are required in the patient handling routines.

Figure 36.3 indicates those parts of the ECG that provide
specific information on the fetal response to hypoxia. The
waveform marked P corresponds to the contraction of the
atrium; the next sequence is the contraction of the ventricles,
illustrated by the waveforms Q, R and S.

Available techniques 277

Figure 36.1 Para 1, normal pregnancy, spontaneous onset at 39 weeks gestation, oligohydramnios plus decreased fetal movements
noted by the mother. Emergency Cesarean section for fetal distress at 17:43. Female 2900 g, Apgar score 1-3-5, cord artery data not
obtained, cord vein data – pH 7.29, pCO2 6.5 kPa, BDecf (base deficit in the extra cellular fluid) 2.5 mmol/l. Initial ventilation by
mask followed by intubation, meconium in upper airways. Adequate breathing at 25 minutes of age. Marked hypoglycemia 
(0.5 mmol/l) initially. No sign of meconium aspiration or RDS (respiratory distress syndrome). Increased neuromuscular tone but
normal electroencephalogram. No suctioning reflex initially. Normal behavior after 4 days. Discharged home after 15 days.
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Physiology
The ST segment and the T wave relate to the repolarization of
myocardial cells in preparation for the next contraction, a
process that is energy consuming. An increase in T-wave
height, quantified by the ratio between T and QRS amplitudes
(the T/QRS ratio) (Figure 36.2), occurs when the energy 
balance within the myocardial cells threatens to become 
negative.1,8,12 A negative energy balance means a situation
where the amount of oxygen supplied to the cells no longer
covers the energy required for metabolic activity. During
hypoxia this balance becomes negative and the cells produce
energy by the beta-adrenoceptor-mediated anaerobic break-
down of glycogen reserves.6 The ability of these cells to produce
energy in this manner, and thereby maintain myocardial func-
tion, is a vital compensatory defense mechanism.13 This
process not only produces lactic acid but also potassium ions
(K+), which affects myocardial cell membrane potential and
causes a rise in the ST waveform (Figure 36.3).12 Thus, the rise
in T-wave amplitude and the increase in the T/QRS ratio
reflect the rate of myocardial glycogenolysis and the utilization
of a key fetal defense to hypoxia.

Hypoxemia is just one way in which this myocardial energy
balance changes, so producing ST waveform changes. Another

mechanism by which these ST changes may occur is the gen-
eral surge of stress hormones (adrenaline) occurring in
response to the squeezing and squashing of labor. This will
stimulate the heart to increase its pumping activity, and at the
same time induce glycogenolysis and high T waves. This 
general arousal is part of normal labor and in these cases the
healthy fetus will display a reactive CTG, ensuring normality.14

Biphasic ST events
ST depression with negative T waves has been observed during
hypoxia experiments in experimentally growth-retarded
guinea pigs.7 Clinically, these changes have emerged as a 
specific sign of myocardial hypoxic stress, reflecting a
myocardium either unable or with insufficient time to mobilize
its defense to hypoxemia. The result is a decrease in myocardial
activity and a risk of cardiovascular failure.

The physiology behind biphasic ST events is related to the
mechanical performance of the myocardium, and the relation-
ship between the inner (endocardium) and outer (epicardium)
layers of the walls of the ventricles in particular. As we know
it, biphasic ST illustrates an imbalance between these two
layers, the reason being that the perfusion pressure of the
endocardium is always lower when the mechanical strain is
greater. This means that unless the myocardium is generally
activated (beta-receptor activation and enhanced Frank–
Starling relationship, i.e. the ability of the myocardium to
respond to volume load), any decrease in performance will
cause biphasic ST. Thus, not only may hypoxia per se cause
biphasic ST as a sign of maladaptation, but so will all factors
substantially altering the balance and performance character-
istics within the myocardial wall. Basically, biphasic ST is the
pattern to be expected whenever the myocardium is exposed
to factors that may decrease its ability to respond.

Probably the most clinically important aspect of biphasic
ST is that once it has been identified, then a situation of poten-
tially reduced myocardial performance has also been identi-
fied and ‘classical’ signs of fetal reactions to an emerging
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Figure 36.2 STAN recording during the second stage of labor. Uneventful pregnancy at term. At 12:53 the midwife, who was a
trained STAN user, noted as abrupt shift in the fetal heart rate (FHR) recording. She immediately informed the clinician about the
situation of an emerging acute asphyxia. The clinician, who had not been trained, choose to verify that the FHR was recorded by
applying an external sensor. The baby was delivered 14 min after the end of the recording, with Apgar scores of 3 at 1 min and of
5 at 5 min, and developed signs of neonatal encephalopathy with seizures. Acute placental abruption with an immediate stop in
cord vein blood flow was the cause of this acutely emerging intrapartum asphyxia.

ST rise – a fetus responding to hypoxia

QRS

Negative ST – a fetus who is unable to respond or has 
not had time to react

P

R

Q
S

T
T

Figure 36.3 The ECG, with a schematic presentation of
hypoxia-related changes; the T/QRS ratio measurement is also
indicated.
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hypoxia should not be expected. From what is stated above, it
should be noted that a fetus displaying biphasic ST events is
not usually in a situation of immediate hypoxia and metabolic
acidosis. However, with further progress of labor, especially
during the second stage, these fetuses will suffer.

Recently, Westgate et al.15 reported on ST-waveform
changes during repeated umbilical cord occlusions in near-
term fetal sheep. As expected, they found an increase in the
T/QRS ratio with cord occlusions that became more marked
when the level of hypoxia was increased by reducing the time
between occlusions from 5 to 2.5 min. Fetuses no longer capable
of maintaining their cardiovascular response reacted with
negative ST changes in between occlusions. The authors con-
cluded that an increase in the T/QRS ratio indicated hypoxic
stress, and that the appearance of biphasic and negative wave-
forms between contractions may be a useful marker for the
development of severe fetal decompensation.

Clinical research
The concept of ST analysis has been developed through a con-
tinuous validation process, starting with experimental
research followed by bioengineering developments and the
generation of a dedicated medical device.

Plymouth randomized controlled trial
This was the first randomized controlled trial (RCT) where
2400 high-risk term deliveries were studied, comparing CTG
monitoring plus ST-waveform analysis (CTG + ST) with stan-
dard CTG monitoring.14 Strict clinical guidelines were devel-
oped and initially tested in the Plymouth RCT of CTG + ST
versus CTG, which showed a safe reduction in operative deliv-
eries for fetal distress (ODFD) by 46%, with fewer babies born
with signs of intrapartum hypoxia. The trial also showed the
need to improve data presentation, as three cases in the CTG
+ ST arm had clinical signs of asphyxia in spite of ST events
which were missed. To improve the detection of ST events, a
new STAN recorder was developed utilizing modern software
to improve signal quality and allow for automatic identifica-
tion of significant ST events. This work required extensive
signal processing and not until fast-processing capacity
became available (at reasonable costs) in the 1990s was the
next step taken: the introduction of the event log.

This approach was tested in a European multicenter prospec-
tive trial of 320 high-risk pregnancies. The cases were managed
according to the routine CTG with blinded ST information (data
stored on a PC connected to a STAN prototype unit). There were
six cases of marked hypoxia, all of which showed ST-waveform
changes of a magnitude to signify immediate delivery.16

This ST log function in combination with the CTG + ST
clinical guidelines was recently shown to accurately identify all
15 babies with marked oxygen deficiency among a group of 574
Swedish and Norwegian babies. Although conventional CTG
monitoring was used to assess the condition of the babies these
cases were still missed and, as a consequence, three of them are
likely to suffer permanent brain damage.9 These results have
recently been verified in a second large randomized trial.

Swedish multicenter RCT
The aim of this large trial was to test the hypothesis that intra-
partum monitoring of term fetuses with CTG + ST results in
a reduced rate of both ODFD and of newborns with metabolic
acidosis, as compared with CTG alone.10,17

The primary outcome of this RCT was published recently.17

It showed a significant reduction in ODFD from 8.0 to 5.9%,
at the same time as the risk of being born with cord artery
metabolic acidosis, defined as cord artery pH <7.05 and BDecf
(base deficit in extracellular fluid) >12 mmol/L, was reduced
from 1.44 to 0.57%.

The Swedish RCT was designed with a power to assess poten-
tial improvements in neonatal outcome. The trial design also
allowed testing of the effects of growing, with the new STAN
technology in the three busy labor ward units with cases man-
aged by >300 midwives and physicians. The current analysis
summarizes the findings associated with the 351 babies that were
admitted to the Special Care Baby Unit (SCBU).

Results
Table 36.1 gives neonatal outcome according to intention to
treat. The case of intrapartum death after retraining in the
CTG + ST arm had second-stage CTG and ST changes that
were not recognized; the scalp electrode was disconnected due
to ventouse extraction for failure to progress and a severely
asphyxiated baby was delivered after 23 min. The other case
had 10 min of a T/QRS ratio rise before a normal delivery, the
Apgar score was normal and the baby was observed for 3 h in
the SCBU due to cord metabolic acidosis. All patients except
for the one in the CTG + ST arm had intrapartum events
detected as abnormal by the STAN clinical guidelines: this
patient had had the STAN recorder disconnected 3.5 h before
delivery.

Fetal scalp pH (i.e. FBS) has hitherto been regarded as the
method of reference for detection of intrapartum hypoxia;
495 cases from both arms had fetal scalp pH samples. Of a
total of 46 cases with metabolic acidosis at delivery, only six
had FBS data. The ST waveform could be assessed in five of
these six babies, showing abnormalities lasting from 25 to 276
(median 119) min before delivery. In only one case was an
abnormal FBS obtained (pH 7.13), at which point ST events
had been recorded for 80 min. In the other five cases, the scalp
pH was normal (>7.20) and not repeated as labor progressed.

A 1600 cases interim analysis revealed six cases where ST
events had been ignored and the fetus exposed to hypoxia.
This observation showed that ST analysis improved the sensi-
tivity of detecting adverse events in labor and it was decided to
continue with the trial, with the addition of regular staff meetings
to discuss cases.

According to the protocol, a secondary analysis was made,
with the exclusion of neonates with severe malformations and
inadequately monitored cases (those monitored for <20 min and
cases where the monitoring was interrupted >20 min before
delivery). Table 36.2 shows the outcomes among adequately
monitored neonates during the second phase of the trial.

Thus, irrespective of what outcome measure was applied,
the Swedish RCT documented marked improvements in
neonatal outcome after retraining with enhanced experience of
ST analysis. The improvements in the diagnosis of intrapartum
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hypoxia during the second phase of the trial also enabled a
44% reduction in ODFD, from 8.7 to 5.0% (P = 0.001).

The data from these two large RCTs, including 6826 cases,
have shown that, with the support of fetal ECG ST-waveform
analysis, the number of babies born with cord metabolic 
acidosis could be reduced from 1.43 to 0.57% [odds ratio (OR)
0.39, 95% confidence interval (CI) 0.21–0.72, P = 0.0017]
whilst at the same time ODFD were reduced from 8.4 to 5.6%
(OR 0.65, 95% CI 0.53–0.78, P < 0.001).

EU project
The expectation of society is that the application of the results
of health technology assessment will improve the quality of
care and ensure that available resources are used effectively.
The objective of the EU project is to develop and validate a
model whereby the user aspects are put to the fore to stimu-
late postgraduate training and an appropriate management
structure.

Today, there are no specific requirements regarding the
implementation of a medical device knowledge transfer
process. Action according to regulatory requirements is only
required when things go wrong, obviously too late in a situa-
tion such as labor, when oxygen deficiency may institute a
threat to life and intact survival. The prime objective of the

EU-supported FECG project is to develop a model whereby 
10 academic centers across Europe, as a joint effort, are 
made active partners of this knowledge-transfer process.
These centers of excellence then become their regions’ hubs of
experience.

Methodology
The aim of the STAN concept is to provide a more thorough
understanding of fetal reactions to the stress and strain of
labor. The EU-supported FECG (fetal ECG) project includes
the development and testing of educational material, such as a
trainer/simulator that allows midwives and doctors to gain
experience from displaying real cases virtually from a data-
base. This enables exposure to rare but important cases, not
otherwise easily experienced. Multimedia-based teaching,
together with conventional written material, is also used. In
parallel to the educational efforts, STAN S21 fetal heart
recorders are used clinically.

Results and discussion
Table 36.3 gives the initial data from the 10 obstetric units par-
ticipating in the project. One neonate developed increased
neuromuscular tone during the first 24 h, with signs of meta-
bolic acidosis at 1 h of age (no cord data available). The STAN
recording showed an abnormal CTG + baseline rise in the
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Table 36.2 Neonatal outcome among adequately recorded cases during the second phase of the Swedish RCT

CTG CTG + ST

n % n % OR, 95% CI, P

Total 1049 1054
Apgar score 1 min <4 23 2.19 8 0.76 0.34, 0.14–0.80, 0.011
Apgar score 5 min >7 13 1.24 8 0.76 0.61, 0.23–1.58, 0.37
Apgar score 5 min <4 5 0.48 0 0.00 P = 0.031
Admissions to SCBU 78 7.44 54 5.12 0.67, 0.46–0.98, 0.036
Cord artery metabolic acidosis 14 1.54 4 0.44 0.28, 0.08–0.92, 0.032

Table 36.1 Distribution of cases with adverse/complicated neonatal outcome, related to the method of intrapartum
fetal surveillance and their occurrence in relationship to retraining

CTG CTG + ST

After retraining After retraining 
Before (n = 1250) (n = 1197) Before (n = 1333) (n = 1186)

Perinatal death 1 (asphyxia) 0 1 (sepsis) 1 (asphyxia)
Outcome of SCBU visit
Neuromuscular symptoms

Seizures 1 2 0 0
Increased neuromuscular tone 1 3 0 0
Irritability only 1 0 3 0
Met acid + other symptoms 3 7 4 1

Total 7 12 8 2

OR 0.17, 95% CI 0.03–0.78, P = 0.01.
met acid, metabolic acidosis.
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T/QRS ratio that was missed for 60 min. The material includes
another 13 cases with cord artery metabolic acidosis (pH < 7.05
and BDecf >12 mmol/L), corresponding to 0.66%. Four of
those required special neonatal care but no neuromuscular
abnormalities were noted. All but one of these five cases with
signs of complicated neonatal outcome had ST events lasting
≥20 min. Only two of the 13 cases with cord metabolic acido-
sis did not show ST events, nor were the CTG abnormal. These
data are comparable to those noted in the Swedish RCT. Thus,
standard CTG recording would cause a metabolic acidosis
incidence of 1.4%. The results achieved in the FECG project
clearly indicate that the 0.6% incidence may be achieved even
from the first day of STAN usage.

Conclusions
The primary aim of intrapartum fetal monitoring is to reduce
the risk of babies being affected by oxygen deficiency during
labor. The appropriate clinical use of combined CTG + ST of
fetal ECG allow this to be achieved by improving the detection
and prevention of intrapartum hypoxia, with consequent
improvements in perinatal outcomes.

Appendix: Case report
Para 0, complicated pregnancy with maternal diabetes and
pre-eclampsia. Induction after 35 + 6 weeks gestation. The
recording starts during the first stage of labor.

Already, at the onset of recording, a biphasic ST event is
noted. The FHR is normal and there was no need for interven-
tion according to STAN clinical guidelines. However, the
biphasic pattern was repeating itself at 15:00, indicating that

the fetal myocardium is operating under stress. A reason
would be the early gestational age or cardiac malformation/
dystrostophy and the lessened ability of the fetal heart to
manage the strain of labor.

The recording continued and another ST event, consisting
of a baseline rise in the T/QRS ratio, was noted at 17:17.
At this point CTG abnormalities were noted and intervention
was required according to CTG + ST guidelines. This pattern
is often the initial sign of impending hypoxia and indicates 
of the inability of the placenta to meet the demands 
of the fetus. The fetus is not acidotic but the resources 
are inadequate to meet the further stress of active pushing in
particular.

At 17:38, late decelerations commenced and another ST
rise was indicated at 18:25. When the physician was informed
by the midwife at 18:25, it was decided to continue with fur-
ther augmentation of labor.

The last 30 min of the recording illustrate the occurrence of
progressive hypoxia with a continuing rise in the T/QRS ratio.
At 19:21, the head was delivered but shoulder dystocia
occurred: the baby was delivered at 19:26. Apgar score 0–0–0;
birthweight 4650 g; cord artery data, pH 6.90, PCO2 11.6 kPa,
BDecf 14.1 mmol/L. The baby responded to resuscitation with
heart activity at 12 min of age but died within the first 24 h,
no autopsy was performed.

Comments
This case illustrates the main problems of an uncontrolled
diabetic pregnancy with a large-for-date fetus developing
intrapartum hypoxia and shoulder dystocia. Furthermore,
data are now available to continuously assess the condition of
a fetus at risk to allow for a safe delivery, provided that STAN
clinical guidelines are followed.
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Table 36.3 The FECG project: outcome of intrapartum fetal monitoring to April 2001 (corresponding data from
the Swedish RCT are also given)

EU project, incidence Swedish RCT incidence (%)

(%), n = 2181 CTG + ST, n = 2228 CTG, n = 2164

ODFD, STAN indication 7.2
ODFD, CTG indication 9.1
ODFD, fetal scalp pH 1.3
ODFD, total 17.6 5.9 8.0
Cord artery metabolic acidosis (pH < 7.05 0.66 (1921 cases with 0.57 1.44

and BDecf >12 mmol/L) cord data available)
Neuromuscular symptoms, metabolic 0.23 0.13 0.74

acidosis plus neonatal care
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Introduction
In the United States a full term baby dies in 1 out of 500 deliv-
eries, and a mother dies in 1 in 10,000. If this were 1940, more
than 15,000 mothers would have died in childbirth and
120,000 newborns! In the past it was risky for the mother and
her unborn fetus but safe for the obstetrician. Today, it is safe
for the mother and child but in light of malpractice, risky for
the physician. Herein lies the paradox.

There is an additional paradox. Today, the yardstick for the
advancement of a profession is the model of evidence-based
medicine, i.e. the idea that nothing should be introduced into
practice unless it has withstood peer review from a rigorous ran-
domized clinical trial. Yet, in a ranking of medical specialties
according to their use of evidence drawn from randomized 
clinical trials, obstetrics came in last. Even when such trials are
conducted, the results are invariably ignored by practitioners.

This state of affairs is the result of several factors. Neonatal
complications, especially shoulder dystocia and stillbirth on
the one hand and the potential for maternal trauma associated
with these complications on the other hand has over-ridden
evidence-based data in the reality of the delivery room. Often
in obstetrics, a well-seasoned obstetrician will apply a strategy
that appears worthwhile and not wait for the results of a clin-
ical trial; obstetricians and their fellow professionals establish
guidelines of care based on their acumen and beliefs. They
simply try the technique to see if it improves outcome. As a
rule of thumb, the fear from obstetrical complications, i.e. shoul-
der dystocia and its potential for an accompanying malprac-
tice suit over-rides the fear from complications associated
with a Cesarean delivery. In addition, the new fashion that
supports Cesarean delivery by request has further diminished
the use of evidence-based data for managing the timing and
mode of delivery for the pregnant diabetic.

In this chapter, the existing data will be evaluated and rec-
ommendations made for the treatment approach that opti-
mizes pregnancy outcome for the diabetic mother. Waiting for
the results of clinical trials that may never materialize is a
fruitless endeavor. This approach has made child delivery safer
and has evolved despite the increasing age of the mother, obe-
sity, and the risk factors associated with diabetic pregnancies.1

The decision about the optimum time to deliver the baby in
the pregnancy complicated by diabetes has to consider the bal-
ance between the perceived risks of late intrauterine death and
shoulder dystocia and the consequences of unnecessary 
prematurity and Cesarean section delivery.

It is essential to stress the issue of fetal demise in pregnancy.
Fetal death, excluding congenital anomalies, has been found to
be associated with the level of glycemic control in the preg-
nant diabetic woman. The level of glycemia is one of the fac-
tors that will mandate timing of delivery in these patients.
A brief review of the literature reveals that approximately 80%
of the studies in obstetrics are observational2 while about 11%
are randomized studies. Since studies evaluating perinatal
mortality due to diabetes in pregnancy are under the con-
straints of strict ethical standards that prevent randomized
trials, it is necessary that the basic characteristics of both the
study and control populations be comparable, e.g. incidence
of prolapse of cord, medical complications, parity, ethnicity,
and prenatal care. Only then does the disease in question,
diabetes, become the main cause for the difference in rates
between the groups in perinatal outcome.

Fetal demise in the pregnant diabetic is often defined as
‘unexplained fetal death’. The demise is the result of the meta-
bolic acidosis developed in the fetal compartment in the pres-
ence of an abnormal glucose level rather than the traditional
explanation of fetal hypoxia. The second and up to the middle
of the third trimesters account for minimal rates of fetal
demise; the majority of fetal deaths occur late in the third
trimester. This mortality pattern is associated with fetal devel-
opment and increase in insulin sensitivity during pregnancy.
Although insulin can be detected as early as the latter part of
the first trimester, the affinity to insulin action becomes signif-
icant at or about the 28th week of gestation resulting in fetal
hyperinsulinemia that leads to fetal acidemia and hyperlac-
ticemia without evidence of fetal hypoxia. Supporting this
concept, Pettitt et al.3 found that of 236/1000 fetal deaths, the
majority occurred in large-for-gestational age (LGA) infants
of gestational diabetes mellitus (GDM) mothers. Needless to
say, fetal hypoxemia can occur in all types of diabetes, espe-
cially pregnancies associated with hypertensive disorder and
microvascular complications (Types 1 and 2). Maternal insu-
linemia alone can be a cause for vasoconstriction and fetal
hypoxia.2,3

The association between level of glycemia and fetal demise
during the antepartum period was demonstrated by
O’Sullivan et al.4 They found that GDM compared to nondia-
betic pregnancies had a 4-fold higher perinatal mortality.
Pettitt et al.3 found similar mortality rates for GDM and 
pre-existing diabetic subjects (59/1000 vs. 43–125/1000, respec-
tively). Karlsson and Kjellmer5 evaluated relationships between
the degree of glycemic control and perinatal mortality and
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found a 3.8% perinatal mortality rate for the blood group
<100 mg/dL, 16% in the group of 100–150 mg/dL, and 24% in
the group with >150 mg/dL. Finally, keeping a mean blood
glucose threshold of <100 mg/dL during the prenatal period
will result in the lowest rate of fetal demise and provides the
opportunity to avoid unnecessary early deliveries. In a recent
study,6 Schmidt reported a 3.4 higher relative risk for GDM
patients. In addition, Mundestin et al.7 demonstrated a 3- to 
6-fold increase in perinatal mortality when the majority of
patients were GDM. The data were driven from all deliveries in
the USA including 230,000 GDM and 3,000,000 nondiabetic
(Table 37.1).

In the past, there was a false belief that infants of diabetic
mothers matured earlier. The reasoning behind this view was
a classic example of the wrong conclusion being drawn from a
study that described two major changes in management. On
the one hand, they delivered all babies at 36 weeks; but this
was part of a regimen that paid much closer attention to the
control of the mother’s diabetes during pregnancy. The peri-
natal outcomes from their study showed that in comparison to
other units in Great Britain, there was a greater than 50%
reduction in the fetal death rate from 29.4 to 11.3%. The over-
all perinatal mortality in comparison with the other units
decreased from 40.1 to 25.5% and in their own unit from 37%.
The key outcome parameter that was not given due importance
was the rise in neonatal death from 10.7 to 14.2%.8,9

In 1979, Roversi et al.10 in Italy challenged this nearly 
30-year-old regimen demonstrating that it was meticulous
attention to blood glucose control that was the key factor in
reducing perinatal mortality and, in particular, late intrauter-
ine fetal death. Using the maximum dose of insulin that could
be tolerated by the mother, they carried 94% of the pregnan-
cies to 38 weeks or more, 19% not being delivered until after
40 weeks. The only late fetal death occurred at 37 weeks in a
woman with diabetic nephropathy. At the same time, Drury et
al.11 at the National Maternity Hospital in Dublin, reported
their experience of the first 141 diabetic pregnancies managed
using a regimen of tight control and not delivering the baby
before full term irrespective of the severity of the diabetes
unless obstetric complications necessitated intervention. This
was done without the use of either cardiographic surveillance
or ultrasonic assessment of fetal well-being. Spontaneous

labor ensued in 57% of cases, the Cesarean section rate was
20% and perinatal mortality was 31/1000. A subsequent analy-
sis of this management policy and outcome by Rasmussen 
et al.12 showed that the only deaths in normally formed infants
occurred with evidence of poor metabolic control, clinical
macrosomia or polyhydramnios.

Furthermore, the report from Murphy et al.13 demon-
strated that the additional benefit in allowing the pregnancies
of women with diabetes to go to full term was that there was a
4-fold increase in the rate of spontaneous vaginal delivery.
This came without a significant increase in the emergency
Cesarean section rate and a modest fall in elective Cesarean
section rate (Figures 37.1 and 37.2). A later update from the
Dublin group14 showed that between 1981 and 1994 their con-
servative policy maintained a high vaginal delivery rate of 93%
(90.5% of these being normal deliveries), with a Cesarean sec-
tion rate of 7% compared with the nondiabetic population
rate of 3.4%. The perinatal mortality rate had fallen to
13.5/1000. In Australia15 in 1999, fetal demise not associated
with congenital anomalies accounted for 15% of the total. The
cause of death in most diabetic pregnancies is not known
(except for those associated with diabetic ketoacidosis); it is
possible that they are in fact unrelated to maternal diabetes 
per se. Consequently, it is not realistic to expect that all deaths
can be prevented with the currently available tools for fetal
surveillance.

Further reassurance for taking the pregnancy to term comes
from a study by Sheiner et al.16 In a multiple logistic regression
analysis of 72,875 singleton deliveries, no association was
found between intrapartum fetal death and maternal diabetes.
The significant factors were maternal age >35 years, polyhy-
dramnios, congenital malformations, pathologic presentation,
abruptio placentae, and cord prolapse.

Lung maturation and iatrogenic
prematurity
As mentioned above, the fear of stillbirths in the past, and
even in current practice in several maternity units in the
United States and Europe, encouraged the policy of planned

284 Timing and mode of delivery

Table 37.1 Diabetes and stillbirths in the United States, 1995–1997

Fetal death rate

Birthweight (g) Nondiabetic (n = 10,733,983) Diabetic (n = 271,691) RR 95% CI

4000–4249 0.6 2.9 3.6 2.7–5.1
4250–4499 0.7 3.7 3.7 2.7–5.1
4500–4749 0.9 7.1 6.4 4.4–9.3
4750–4999 2.0 8.6 3.1 1.9–5.1
5000–5249 3.7 15.9 3.4 1.9–6.1
5250–5499 5.2 21.6 3.6 1.5–8.6
>5500 18.3 38.9 1.8 1.7–1.9

(From Mondestin.7)
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delivery of these patients at approximately 34–37 weeks’ gesta-
tion. Indeed, this policy significantly decreased the stillbirth
rate but, in contrast, resulted in iatrogenic prematurity with
the accompanying neonatal complications, especially respira-
tory distress syndrome (RDS) (formerly known as hyaline
membranous disease). The policy decreased stillbirths but cre-
ated a higher rate of neonatal morbidity and mortality. All this
led to the development of fetal maturity lung testing, which is
addressed at length elsewhere in the book. However, in the
past two to three decades, lung maturity testing has enabled us
to significantly decrease iatrogenic prematurity and to com-
prehend the impact of the level of glycemic control and the
delay in lung maturation.

We now have the technology to synchronize planned deliv-
eries and lung maturity in a relatively safe mode. In addition,
the modern approach to fetal surveillance testing and 
the recognition of the importance of glucose control pre-
sented an opportunity to avoid planned deliveries due to fear

of fetal demise. On the other hand, perhaps there is now an
opportunity to consider planned delivery for the oversized
fetus (macrosomia) in order to prevent shoulder dystocia and
its accompanying complications.17–19

In our institution, we currently use the following approach
for lung maturity testing. In patients who achieved the tar-
geted level of glycemic control with imminent or no fetal com-
promise by specific abnormal patterns of surveillance testing
or severe maternal complications that require immediate
delivery/termination of pregnancy, delivery will occur without
lung testing. In cases where the targeted level of glycemia was
not met and the indication does not pose an immediate risk to
mother and fetus, e.g. previous Cesarean section or growth
restriction but normal fetal surveillance testing results, only in
the presence of positive lung maturity testing does delivery
occur. If test results are negative, patients should be under
strict surveillance and lung maturity testing repeated within a
week.

Lung maturation and iatrogenic prematurity 285

0

2

4

6

8

10

12

14

16

18

20

Mat Mortal FDIU SB NND

26 Hosps

KCH

Figure 37.1 Comparison of the outcome of diabetic pregnancies managed at King’s College Hospital, London and at 26 other
UK hospitals.1

0

5

10

15

20

25

30

35

40

Vag Deliv Forceps Emerg CS Elect CS

1973-78

1979-82

Figure 37.2 The effect of change of management on mode of delivery.

9780415426206-Ch37  11/29/07  4:00 PM  Page 285



Glycemic control should always be considered in the deci-
sion process to perform/not to perform lung maturity testing.
In cases of poor glycemic control, regardless of gestational age,
amniocentesis for lung maturity testing should be performed.
On the other hand, in the presence of good glycemic control
and reassuring dates for patients after 37 weeks gestation,
delivery can be performed without prior testing. This
approach will decrease the number of unnecessary invasive
procedures performed to confirm/refute lung maturity.

Fetal overgrowth in the diabetic
pregnancy
The other major factor that influences the decision on the
timing of delivery is the likelihood of shoulder dystocia and
particularly permanent brachial plexus nerve palsy. Shoulder
dystocia has been aptly described as ‘the infrequent, unantici-
pated, unpredictable nightmare of the obstetrician’.20 The
major dilemma for the obstetrician is the poor predictive
power of methods of fetal weight assessment and particularly
shoulder width in the fetus. Coupled with this is the dynamic
interaction between the maternal pelvic girdle, the power of
the uterine contractions, maternal expulsive efforts and the
fetal diameters that will ultimately determine whether the
shoulders pass easily through the outlet of the maternal pelvis.
Fetal weight alone is a poor predictor. Approximately 40–50%
of shoulder dystocia will occur within the infant group weigh-
ing <4000 g.21 However, it should be noted that pregnancies
with infants weighing <4000 g are the majority, while the total
number of infants weighing >4000 g is about 8–10%.
Furthermore, although macrosomia is one of the classic mark-
ers of diabetes in pregnancy, a larger number of macrosomic
babies will be identified in the general population while the
prevalence of diabetes is 3–5%. Thus, policies for timing and
method of delivery should consider the total population that
may be affected.20,21

The overgrown fetus of a diabetic mother is at an increased
risk for serious adverse outcome due to shoulder dystocia
during vaginal delivery. Traditionally, authors have empha-
sized Erb’s palsy as the single most significant complication
when shoulder dystocia occurs. However, the prevalence of
Erb’s palsy is relatively low. Shoulder dystocia without Erb’s
palsy remains a serious complication involving bone fractures,
asphyxia and even fetal death. Cesarean delivery greatly
reduces the likelihood of such outcomes and may, therefore,
be used as the primary prevention approach. However, it
should be noted that Cesarean delivery itself is not free of fetal
and/or maternal complications, which may include increased
maternal blood loss, traumatic organ injury (ureters), infec-
tion, as well as other long-term complications. Therefore, in
light of the fact that Cesarean section rates are increasing uni-
versally, the benefit–risk ratio should be assessed for any given
complication before surgery.

In diabetic patients, the majority of shoulder dystocia 
cases occur among macrosomic infants born vaginally. In a
cohort study of nearly 75,000 nondiabetic women, the rate of
macrosomic infants was 7.6% compared to 20.6% in the 1500

diabetic women.20 Nondiabetic women had an overall shoul-
der dystocia rate of 0.5%, compared to 3.2% in diabetic
women. The shoulder dystocia rate was 0.3% when birth-
weight was <4000 g and 4.9% when it was >4000 g in diabetic
patients. Macrosomic infants of diabetic mothers had a more
than 3-fold higher risk of shoulder dystocia than macrosomic
infants of nondiabetic pregnancies (14.7 vs. 4.4%). However,
within each 250 gram birthweight category over 4000 g,
diabetics had significantly more shoulder dystocia than 
nondiabetics.

Anthropometric differences explain the discrepancy in the
risk for shoulder dystocia between diabetic and nondiabetic
women. In nondiabetic women, macrosomia is constitutional
in origin thus resulting in a proportionally larger infant. In
contrast, for the diabetic macrosomic infant, its overgrowth is
due to continuous fetal hyperinsulinemia resulting in dispro-
portional growth and organomegaly in the majority of organs
with the exception of the brain. It has been found that there is
a significant difference in several anthropomorphic measures
such as abdominal and shoulder circumference, as well as an
increase in fetal fat mass distribution. Organ overgrowth is
used as the marker to identify the fetus compromised by dia-
betic macrosomia.20,22,23 As compared to a macrosomic fetus
of a nondiabetic woman, the macrosomic fetus in a diabetic
pregnancy is proportionately large, with much of the excess
weight distributed in the trunk and shoulders. This increased
chest–head and shoulder–head size discrepancy results in a
higher risk for shoulder dystocia.24,25

Just as the shoulder dystocia rate goes up with increasing
birthweight so too does the risk of injury when shoulder dys-
tocia occurs. Ecker et al.26 found a relative risk for brachial
plexus injury of 9.6 for infants weighing >4000 g vs. <4000 g; the
relative risk increased to 17.9 and 45.2 at birthweight 
thresholds >4500 and 5000 g, respectively. Increasing birth-
weight, maternal diabetes, and vaginal delivery were all 
independently associated with an increased risk for brachial
plexus injury.

Using ultrasonography to detect 
fetal overgrowth
The accurate prediction of fetal weight in intrauterine life is an
attractive approach to identify the fetus at risk. Unfortunately,
it has been demonstrated that the error in weight estimation is
relatively high (10–20%); thus, mothers are being subjected to
often unnecessary interventions. Nevertheless, ultrasono-
graphic estimation of fetal weight is commonly employed in
clinical practice. In a survey of practitioners, approximately
75% of maternal–fetal specialists and almost 66% of general
obstetricians utilized ultrasound to estimate fetal size prior to
the delivery of the diabetic woman.27

Recently, it was demonstrated that 31 different sonographic
estimations of fetal weight formulae had comparably poor
accuracy for prediction of macrosomia. The 1986 formula
devised by Ott had the lowest total score. Using Ott’s formula,
an estimated fetal weight (EFW) of >4000 g had a sensitivity
of 45% to predict macrosomia and a positive predictive value
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(PPV) of 81%. In order to achieve 90% sensitivity using this
formula, it would have required a diagnosis of macrosomia
with an EFW >3535 g, but this would have comprised 46% of
the population with a 42% false-positive rate.28

When EFW was predicted by ultrasound to be >4000 g,
75–85% of infants were macrosomic at birth.29,30 In the
author’s experience, ultrasonic EFW by the Shepard formula
correctly predicted the presence or absence of macrosomia in
87% of diabetic pregnancies.31 Maternal obesity, a common
co-morbidity in a diabetic population, does not appear to
diminish the accuracy of fetal weight estimation by ultra-
sound.32 In general, overestimation of fetal weight would seem
to make the practice less beneficial.

Using a combination of approaches to detect fetal macro-
somia in a population of both diabetic and nondiabetic
women, Chauhan et al.33 compared the performance of vari-
ous methods, including a standard formula for calculating
fetal weight, clinical estimation and measures of fetal subcuta-
neous tissue by ultrasound. Using receiver operating charac-
teristic curves to assess these diagnostic modalities, they found
traditional fetal weight estimation by ultrasound to perform
the best, and shoulder soft tissue width to perform the worst.
Therefore, although formulae for fetal weight estimation used
in daily clinical practice lack the level of accuracy in predict-
ing fetal overgrowth that we would like to achieve, they appear
to be the best tools available, and they do not require special
expertise or equipment to obtain them.

Cohen et al.34 proposed the abdominal diameter (AD)
minus the biparietal diameter (BPD) as a predictor of whether
a fetus will be compromised by shoulder dystocia at delivery.
The authors used severe shoulder dystocia as their end point,
retrospectively examining the AD – values obtained from
infants of diabetic mothers with EFW of 3800–4200 g within
2 weeks of delivery. Infants with shoulder dystocia had signif-
icantly larger AD – BPD measurements despite finding no dif-
ference in birthweight between the shoulder dystocia and
normal delivery groups. No infant with an antenatal AD –
BPD value <2.6 cm suffered shoulder dystocia. However, the
PPV for this cut-off was only 30%. Prospective studies using
comparable models may provide improved predictors of
shoulder dystocia.35

Benefits of Cesarean delivery 
in preventing shoulder dystocia 
and fetal injury
Avoidance of vaginal delivery for the large fetus of a diabetic
mother eliminates the possibility of shoulder dystocia and
should, therefore, eliminate the risk of nerve and bone injury,
as well as the more serious outcomes of birth asphyxia and
intrapartum death resulting from shoulder dystocia. Although
it is recognized that brachial plexus injury can occur in the set-
ting of Cesarean delivery,36,37 the risks associated with vaginal
birth are much greater.38 Indeed, a population-based study 
of births in Washington State, USA, revealed no reported 
cases of brachial or Erb’s palsy in over 13,000 consecutive
Cesarean deliveries.39 Therefore, it is reasonable to conclude

that performance of a Cesarean section will prevent
Erb’s–Duchenne palsy in the vast majority of cases. It is for
this reason that Cesarean delivery has been proposed as the
preferred route of delivery for the large fetus.

Among diabetic women, 84% of shoulder dystocia cases
occur in infants with birthweights >4000 g. Among nondia-
betic women, only 60% of deliveries complicated by shoulder
dystocia involve a macrosomic fetus.20 Thus, avoidance of
vaginal delivery of macrosomic fetuses of diabetic mothers
would eliminate most cases of shoulder dystocia, while the
same practice in nondiabetic mothers would eliminate just
over half of the cases. The practicality of this plan in the clin-
ical setting is hampered by two factors: firstly, accurate antena-
tal identification of macrosomia is difficult to accomplish;
and, secondly, most cases of shoulder dystocia do not result in
permanent damage to the infant. We are currently unable to
select those cases in which the fetus is excessively large much
less detect which overgrown fetus is at risk for handicap or
death due to shoulder dystocia. This fact has diminished the
enthusiasm of some authors for Cesarean delivery for suspected
macrosomia.40

Rouse et al.,40 using a decision analysis methodology
abstracting information available in the literature, calculated
the probability of shoulder dystocia according to birthweight
in both diabetic and nondiabetic pregnancies. It is noteworthy
that for birthweights ≥4500 g, the probability is 52% in 
diabetic pregnancies compared with 14% in nondiabetic preg-
nancies. The mean probability that a neonatal brachial plexus
injury will persist was 6.7% (range 0–19%).41 Rouse et al.40

calculated that to prevent one case of permanent brachial
plexus injury in babies weighing ≥4500 g would necessitate
performing 153 Cesarean deliveries in diabetic mothers and
419 in nondiabetics. If a cutoff of 4000 g is used, then 169
Cesarean sections would be required in diabetics and 654 in
nondiabetics.

Rouse and Owen41 updated their initial analysis by factor-
ing in information from recent population-based studies on
the frequency of brachial plexus injury, both transient and
persistent. These calculations suggest that an even greater
number of Cesarean sections would need to be performed in
order to prevent permanent palsies. However, Erb’s palsy
should not be the only consideration in evaluation of morbid-
ity prevention by Cesarean section. Although Erb’s palsy is a
severe complication, bone fractures, asphyxia, respiratory
complications requiring neonatal intensive care admission,
and neonatal and fetal demise should be considered when cal-
culating the cost of Cesarean sections performed to prevent
shoulder dystocia and adverse outcomes. In fact, when the
composite outcome approach is used, 81% of shoulder dysto-
cia cases of the infants of diabetic mothers will be identified
compared to 34% for infants of nondiabetic mothers.20

Applying the same types of calculations to an actual obstet-
ric population, Mullin et al.42 examined the results of their
policy of offering Cesarean deliveries to all diabetic women
with EFW >4250 g (by sonographic or clinical means). Of 72
women meeting this fetal weight threshold during a 3-year
period, 61% elected for Cesarean delivery. Seventeen of the
remaining women delivered vaginally (39% Cesarean section
rate in women who labored), and four of these deliveries were
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complicated by shoulder dystocia (24%). Based on previously
reported rates of brachial plexus injuries, the investigators
then calculated the number of Cesarean sections needed to
prevent one case of permanent Erb’s palsy. In diabetic women,
approximately 100–400 Cesarean sections would result in
avoidance of one case of permanent palsy. This number is
somewhat more favorable toward a policy of prophylactic
Cesarean section than that estimated by Rouse et al.40 and
Rouse and Owen.41 This highlights the fact that cost–benefit
ratios of prophylactic Cesarean sections for suspected macro-
somia in diabetic women may be most meaningful when cal-
culated for, and applied to, an individual population taking
into account overall morbidity rather than a single outcome
parameter. Moreover, different diabetic programs report dif-
ferent rates of macrosomia (poor glycemic control) which
affects the rate of shoulder dystocia. Probably, achievement of
adequate glycemic control will be a major factor in decreasing
the rate of this complication in diabetic mothers.

Theoretical models provide a foundation for clinical studies.
However, paucity of information exists on the actual clinical
impact of a policy of prophylactic Cesarean sections in reduc-
ing the frequency of shoulder dystocia events. If there is no
significant decrease in shoulder dystocia rate, there cannot be
an accompanying decrease in brachial plexus injury and other
adverse outcomes. In one of the few published reports,
Conway and Langer31 in a prospective study addressed this
issue. Diabetic women underwent Cesarean delivery when
EFW by ultrasound was >4250 g, a threshold chosen to reduce
unnecessary intervention due to sonographic error. Labor
inductions of LGA fetuses with birthweights <4250 g were also
performed. Although only 11% of the diabetic population
underwent Cesarean section or inductions for macrosomia,
the shoulder dystocia rate among diabetic women dropped
significantly on implementing this procedure compared to the
previous 3-year period [1.5 vs. 2.8%; odds ratio (OR) 0.5,
range 0.3–1.0]. Among macrosomic infants, the shoulder dys-
tocia rate dropped from 19 to 7% (OR 0.3, range 0.1–1.0). The
Cesarean delivery rate among diabetics rose from 21.7 to
25.1%. Conway and Langer’s31 study demonstrated the possibil-
ity of reducing the rate of shoulder dystocia in diabetic women
using prophylactic Cesarean delivery for the macrosomic fetus.

Ultrasonic estimation of fetal weight needs to take into
account whether or not the mother has diabetes. Otherwise,
there is a significant underestimation of fetal weight of >10%
using conventional weight prediction tables.43 Diabetic preg-
nancies, because of the larger fetal weight, are five times more
likely to be complicated by shoulder dystocia than nondiabetic
pregnancies (5 vs. 1.1% for birthweights ≥4000 g). Brachial
plexus injuries are four times more likely in diabetic pregnan-
cies. However, due to the paucity of long-term follow-up, the
prevalence of the permanency of the injury is not yet well
established.41,44

The concern that delaying delivery until full-term results in
a greater morbidity rate led Kjos et al.45 to conduct a random-
ized controlled trial (RCT) of 200 pregnancies complicated by
GDM. Patients were assigned either to elective delivery at 38
weeks or to expectant management, which included twice
weekly cardiotocography and amniotic fluid volume evalua-
tion. The Cochrane review46 of this trial found that the risk of

having a Cesarean section was similar for both groups [relative
risk (RR) 0.81, 95% confidence interval (CI) 0.52–1.26]. The
risk of macrosomia was reduced in the elective delivery group
(RR 0.56, 95% CI 0.32–0.98) and there were three cases of
mild shoulder dystocia in the expectant management group.
They concluded that due to the limited number of studies,
there is little evidence to support either elective delivery at 
38 weeks or expectant management.

Cesarean section rates for women with diabetes are signifi-
cantly greater than for their nondiabetic counterparts in most
series. Remsberg et al.47 conducted a detailed analysis of 42,071
singleton births in South Carolina, USA. Diabetic mothers
comprised 3.6% of the series, 80% of which had GDM. Of the
pre-existing diabetic patients, 51.3% underwent a Cesarean
section, as did 34.4% of those with GDM. For nondiabetic
women, 22.9% of births were by Cesarean section. Regression
analysis showed an association between diabetes and Cesarean
section that was not mediated by infant size alone. The
strongest reported associations were with disproportion, pre-
vious Cesarean delivery, failed induction and malpresentation.
These results and those from other studies14,48 suggest that the
practice patterns of the clinicians and not macrosomia itself
are the major factors in the high Cesarean section rates.

One of the major contributors to the Cesarean section rate
is the presence of a previous Cesarean section scar. Two stud-
ies have examined the outcome of vaginal birth after Cesarean
(VBAC) in women with diabetes. In Coleman et al.49 study,
VBAC was offered if the sonographically EFW was <4000 g.
Overall, the successful VBAC rate was lower in women with
diabetes (64.1 vs. 73.2%; OR 1.90, range 1.20–2.99). This was
not due to the higher induction rate in women with diabetes
(OR 2.16, range 1.37–3.40). Women with diabetes who deliv-
ered vaginally were more likely to have an operative vaginal
delivery, forceps (OR 2.71, range 1.15–6.45); vacuum (OR 2.59,
range 0.89–7.73). Most importantly, there were no significant
differences between the two groups in the incidence of shoulder
dystocia, pre-eclampsia, pelvic lacerations or prolonged hospi-
talization, and the only two ruptured uteri occurred in the
control group.

In another study, Blackwell et al.50 compared diabetic
women with/without a previous Cesarean section delivery. In
the previous Cesarean section group, the rate of repeat
Cesarean section was doubled (56.3 vs. 26.3%) with a success-
ful VBAC rate of 43.7%. From these two studies it can be 
concluded that for women with diabetes who have had a 
previous Cesarean delivery, it is reasonable and safe to offer
both a VBAC and induction of labor.

Returning to the debate about mode of delivery and EFW,
the use of elective Cesarean section to prevent shoulder dysto-
cia remains controversial. As discussed above, the dilemma is
that current methods of determining the EFW have inherent
inaccuracies. Furthermore, 50% of brachial plexus injuries
occur in the absence of shoulder dystocia and can occur 
with a Cesarean delivery, which suggests that ante- and intra-
partum factors are at least as important etiologically as 
shoulder dystocia.51

Cesarean section, although associated with maternal mor-
bidity (e.g. infection, bleeding) is often a physician-driven deci-
sion rather than a complication of the disease. The Cesarean
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section rate has evolved as part of the criteria to evaluate dis-
ease in general and GDM in particular. Today Cesarean sec-
tion rates are continuously rising with more repeat Cesarean
sections, Cesarean section by demand and elective Cesarean
section for breech delivery. It will not be surprising if, in the
near future, the rate of Cesarean section begins to reach
40–50% for all deliveries. Indeed, many centers have already
outstripped these numbers for both diabetic and nondiabetic
patients. Therefore, Cesarean section rate should not be used
as an endpoint in GDM because the procedure is not directly
related to the morbidity of the disease. It is directly related to
physician decision making and performance and as such has
become a self-fulfilling prophecy in the treatment of GDM,
i.e. knowing one has a GDM patient gives the physician license
to opt for a Cesarean delivery.

This has been demonstrated by Naylor et al. that the Cesarean
section rate is not related to the rate of large infants in GDM.
One of the problems inherent in studying the natural history of
a treatable entity is that knowledge of the diagnosis may change
the clinician’s behavior. In the Toronto study the authors looked
at the Cesarean delivery rate. Approximately 34% of patients with
diagnosed GDM delivered by Cesarean section, compared with
20% of women with normal results on screening tests and
OGTTs. However, this 70% increase in the Cesarean delivery rate
was not caused by macrosomia. In fact, the macrosomia rate
among pregnancies with diagnosed gestational diabetes mellitus
was about 10%, similar to that in the control group.

On the other hand, physicians are not automatically influ-
enced by the GDM diagnosis. They instead weigh the present-
ing conditions of the disease. In one of our own studies,
evaluating the intensified approach to the management of ges-
tational diabetes involving 1145 intensified treated GDM and
1316 conventional treated GDMs compared to 4922 nondia-
betic controls, the Cesarean section rate in the intensified
treated patients was similar to the rate of the general popula-
tion. In another study we prospectively performed elective
Cesarean section for fetal weight >4250 g as a prophylactic
measure to decrease the rate of shoulder dystocia. The study
revealed that the Cesarean section rate in the GDM popula-
tion increased from 21 to 25% but the shoulder dystocia
decreased from 2.6 to 1.1% (a decrease of 70%).53

It is not possible to offer advice to the clinician with any
degree of certainty on what should be the threshold for per-
forming an elective Cesarean delivery in women with diabetes
with the currently available evidence. Certainly, a past history
of shoulder dystocia should influence the decision on the
mode of delivery unless the EFW is significantly less than the
previous birthweight. Unless obstetric complications dictate
otherwise, the uncomplicated (normal estimated birthweight,
amniotic fluid volume, and metabolic control) diabetic 
pregnancy, both pre-gestational and gestational, can be left to
go into spontaneous delivery at full term. Induction of labor
and planned VBAC carry no greater risks than for the nondi-
abetic pregnancy. Elective Cesarean section for the pregnant
diabetic patient should be actively considered if the EFW is
≥4250 g,20,31 although some authors recommend an EFW of
4000 g.

Summary
The timing of delivery of the diabetic patient is a balancing act
between potential intrauterine death, shoulder dystocia, and
the consequences of premature delivery. Achieving targeted
levels of glycemic control will reduce rates of fetal demise.
Stillbirths are not limited to late third trimester; therefore, the
care provider needs to be vigilant to the level of glycemic con-
trol and fetal surveillance testing. For diabetic women in poor
glycemic control, regardless of gestational age, lung maturity
testing should be performed. For diabetic women in good
glycemic control and reassuring dates after completing 37
weeks gestation, delivery can be performed without prior lung
testing. In diabetic pregnancies, the majority of shoulder cases
occur in fetuses >4000 gm (84%); 58% in nondiabetic preg-
nancies. Achieving glycemic control will decrease the macro-
somia and the subsequent shoulder dystocia rates. For
nondiabetic women, trial of vaginal delivery with EFW >4000 g
may be considered; liberal policy towards Cesarean section is
a consideration in the presence of labor abnormalities. For
diabetic patients, elective Cesarean section delivery is strongly
recommended when EFW 4000–4250 g; the decision may be
individualized in this weight range.
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Introduction
The developing fetus depends for its growth on the passage of
nutrients from the mother via the placenta. Alterations or imbal-
ance of glucose, amino acids, and lipids present in the mother’s
blood will be reflected in fetal development as well as in later life.

The main growth substance, glucose, which the fetus cannot
synthesize for itself, is received from the maternal circulation
by means of facilitated diffusion through the placenta.1 This
diffusion is regulated principally through maternal plasma
glucose levels. The maternal metabolic condition is therefore
the first determinant of fetal growth.

In normal pregnancies insulin sensitivity to nutrients
decreases in all women with advancing gestation. The result of
the decreases in insulin sensitivity is greater nutrient availability
and higher ambient insulin concentrations for the developing
fetoplacental unit.

Maternal metabolic disorders of glucohomeostasis, ranging
from slightly impaired glucose tolerance to overt diabetes,
since they provide an excess of substrates, are able to provoke
an increased stimulation of the fetal beta cells with consequent
hyperinsulinemia, which is in turn responsible for fetal hyper-
somatism by selectively accelerating fuel utilization and stor-
age in insulin-sensitive fetal tissues leading to a higher
incidence of fetal macrosomia.2

Types of macrosomia
The term macrosomia is often used to describe a birthweight
>4000 g or ≥90th percentile for gestational age,3–5 a weight
exceeding 4000 g is found in approximately 5.5–10% of all
infants,6 although the incidence is much higher in newborns
from diabetic women (10–33%).4–7

However, there are two types of macrosomia: the first type
is constitutional, or symmetric, macrosomia. This accounts for
70% of cases, and is the result of genetic factors and does not
therefore imply an abnormal supply of nutrients in utero.8,9

The fetus is big but normal and the only potential problem is
to avoid trauma during delivery. In contrast, the second type of
macrosomia is asymmetric and accounts for 30% of cases. This
form is the typical picture related to maternal diabetes and is
characterized by organomegaly and should be considered a

pathological entity.8,9 This type of macrosomia is associated
with an abnormal thoracic and abdominal circumference,
which are relatively larger than the head circumference.10 These
infants also differ in terms of their body proportions when
compared with neonates of mothers with normal glucose
metabolism.11 As a result, disproportion between the head and
shoulder girdle of the fetus, causing difficulty in delivery of the
shoulders, predisposes to birth trauma (shoulder dystocia,
clavicular fracture, and brachial palsy) and, as a consequence,
an increased rate of Cesarean sections. In addition, it has been
postulated that asymmetric macrosomia could have long-term
consequences for the offspring, including obesity, coronary
heart disease, hypertension, and Type 2 diabetes.12–14

Definitions of macrosomia
For these reasons the classical definition of macrosomia based
on weight and gestational age is not perhaps appropriate to
identify features of disproportionate growth in the fetuses of
mothers with abnormal glucose metabolism.15 In this respect
the use of weight-to-length ratios such as the ponderal index15

and the birth symmetric index16 gives a more accurate descrip-
tion of fetal overgrowth. In addition, recent advances in ultra-
sound techniques have made possible the precise measurement
of fetal insulin-sensitive tissue growth and thereby an accurate
analysis of fetal body composition in terms of lean body mass
and fat body mass.16–18 The human body is classically divided
into lean and fat body mass components.

Genetic factors may have a stronger relationship with lean
body mass. Catalano has shown that lean body mass can com-
prise 86% of mean birthweight and account for 83% of the vari-
ance in birthweight.19 The in utero environment may correlate
better with fetal fat body mass, and comprise only 14% of birth-
weight but account for 46% of the variance in birthweight.19 Fat
accretion occurs essentially from week 27 of gestation until term.

Measurement of fetal body
composition
These findings suggest the potential usefulness of estimates of
fetal body composition, with particular reference to fat mass,
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for the determination and evaluation of growth abnormalities.
The use of an index of fat mass as a predictor of morbidity has
been widely used in neonates.20

It is possible to make ultrasound measurements of both
lean and fat body mass. Head circumference, femur length,
mid-upper arm and mid-thigh central areas (Figure 38.1), can
be measured for lean body mass, and anterior abdominal wall
thickness (Figure 38.2), subscapular thickness, mid-upper 
arm and mid-thigh subcutaneous areas (Figure 38.1) can be
measured for fat body mass.21

Measurements using this technique, comparing fat and
lean body mass measurements during gestation, have shown
significant correlations with both birthweight and estimates of
neonatal lean and fat mass.20,21 Both accuracy and repro-
ducibility of lean and fat mass measurements have been
demonstrated in various studies, suggesting that the technique
is reliable.

In the clinical context, these measurements can reveal the
effects of different maternal metabolic conditions on fetal
growth and provide indications for intervention or therapy.

The distinction between symmetric and asymmetric over-
growth is important because efforts should be directed to the
asymmetric overgrown fetus and to methods of primary pre-
vention of this abnormality by appropriate management
approaches for the mother and the fetus.8

Preventing fetal macrosomia
The issue of ‘preventing fetal macrosomia’ requires closer
scrutiny; it would seem that, for some obstetricians, identifica-
tion of the oversized fetus is viewed simply in terms of
reducing the birth risk of shoulder dystocia and the rate of
Cesarean section. This clinical approach stems partly from 
the perceived lack of accurate diagnostic tools to identify all
diabetic pregnant women at risk of macrosomia, as well as
lack of effective measures to control intrauterine fetal growth.
However it is important to stress that the perspective 
should be rather that of ‘preventing not only intrapartum 
but also postpartum complications associated with fetal
macrosomia by appropriate management of the macrosomic
fetus.’ Identification of the overgrown fetus allows treatment
of the overgrown fetus. In addition, the risk of delivering 
the infant early to stop the accelerated in utero growth 
with potential complications related to prematurity, such 
as hyperbilirubinemia, hypocalcemia and respiratory 
distress,22 could also be reduced since the estimation of
fetal body composition method allows the distinction 
between symmetric but normal growth and pathological 
overgrowth.

The problem of sonographic estimation of fetal weight,
which is less accurate the heavier the fetus is, reaching a mean
error of ±20% for fetuses close to 4000 g, thus increases diag-
nostic uncertainty precisely where accuracy is most needed,
can be overcome by adopting estimation of fetal body compo-
sition as outlined above.
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Treatment strategies
In the prevention of asymmetric fetal overgrowth in mothers
with abnormal glucose metabolism, treatment strategies must
be targeted to prevent overnutrition of the fetus.23 The goal of
management in pregnancy complicated by altered glucose tol-
erance must be to maintain the blood glucose level as near to
normal as possible in order to achieve normalization of fetal
growth. Indeed, glycemia is the single maternal metabolic
parameter routinely assessed in diabetic pregnancies, and the
criteria for metabolic control and therapeutic strategies of dia-
betes in pregnancy are based on maternal glucose levels,24

since normoglycemia in pregnancy is associated with normal
levels of other nutrients such as aminoacids and lipids.25

However perhaps ‘glucose is merely an easily assessed covari-
ate among other more dominant fetal growth determinants.’26

Maternal plasma amino acid levels are important for fetal
growth, because they provide essential substrate. For example,
a study has shown that mothers who had higher protein
turnover at 18 weeks’ gestation had infants with increased lean
body mass, as illustrated by birth length. After adjustment for
significant covariables such as the duration of gestation and
the baby’s sex, 26% of the variation in length at birth was
accounted for by maternal protein synthesis at 18 weeks’
gestation.27 In addition, diabetes in pregnancy has been shown
to have a profound impact on maternal circulating lipids in
pregnancy, promoting their transfer to the fetus by increasing
the maternal–fetal concentration gradient, especially of FFA
and triglycerides. This may contribute to an increase in body
fat mass in newborns of diabetic mothers.28

In many studies of glucose levels in diabetic pregnancy,
however, the rate of macrosomia was still high despite appar-
ent rectification of glycemia. As a consequence, recently, the
time period for most effective daily blood glucose monitoring
with respect to the impact on perinatal outcome has come
under closer investigation in order to ascertain which period
gives the most useful correlation: fasting; preprandial; 1 h
postprandial; 2 h postprandial; bedtime; mean daily glucose
value; HbA1c have all been examined although so far none of
these has been shown to be unequivocally superior to the
others.

Value of normoglycemia
Importantly, the value of normoglycemia in nondiabetic 
pregnancy has now been determined. A study has provided
the true definition of normoglycemia during the third
trimester in normal nondiabetic pregnancies.29 Overall daily
mean glucose levels showed a slight but progressive increase
from 28 (71.9 ± 5.7) to 38 (78.3 ± 5.4) weeks and mean 
postprandial glucose levels never exceeded 105.2 mg/dL; in
addition, 1 h postprandial glucose values were found to posi-
tively correlate with fetal abdominal growth as early as 28
weeks’ gestation, and this correlation was maintained through
the third trimester. These glucose values have been confirmed
in another study which characterized the daily glucose profile
in nondiabetic pregnancies using continuous glucose moni-
toring.30 Although demonstrating the safety and the accuracy
of using this method, this study, however, made no correlation
between glycemic profiles and fetal growth.30 The correlation

between 1 h postprandial maternal blood glucose concentra-
tion in the third trimester and fetal growth now demonstrated
in normal pregnancy matches the situation of diabetic pregnan-
cies, where maternal 1 h glucose values are considered a strong
predictor of both infant birthweight and fetal macrosomia.31–33

Also, in diabetic pregnancies, fetal hyperinsulinism and birth-
weight have been found to correlate best with 1 h postprandial
glucose values, as the postprandial glucose peak breaches the
placental barrier;34 in this context, the results from normo-
glycemic pregnancies seem to suggest that fetal abdominal cir-
cumference, that is a parameter of growth of insulin-sensitive
tissues, is influenced by postprandial glucose peaks even in
glucose tolerant women, and this observation would confirm
that glycemia in pregnancy can be regarded as a ‘continuum’,
ranging from normal glucose metabolism to overt diabetes,
and that the consequences of hyperglycemia in terms of clini-
cal outcome can be understood as an exaggeration of a mech-
anism that actually occurs also in normoglycemic
pregnancies.29 In the study of normal pregnancies by Parretti 
et al. mean postprandial glucose levels never exceed 105.2 mg/dL,
a value well below the currently accepted thresholds for good
metabolic control in diabetic pregnancies, thus suggesting 
that blunting the peak postprandial response to such an extent
can result in a decreased rate of macrosomia and lead to 
the absolute normalization of fetal growth. Nonetheless,
the American Diabetes Association guidelines for pregnant
diabetic women suggest that glucose levels can be as high 
as 140 mg/dL at the 1-h and 120 mg/dL at the 2-h postprandial
time point, recommending action only when the glucose is in
hyperglycemic ranges.35 According to Jovanovic,36 maintain-
ing such high thresholds for action in the treatment of diabetic
pregnant women may have contributed to sustained increased
prevalence of macrosomia in infants of diabetic mothers
despite ‘good glucose control’, and in this respect this ‘macro-
somia despite normoglycemia’ would be better described as
‘macrosomia because of undetected and therefore under-
treated hyperglycemia.’37,38

Period of pregnancy
However, another important point needs to be taken into con-
sideration: the period of pregnancy at which normalization of
glycemic control is established in order to achieve normaliza-
tion of fetal growth. In a study of 262 women with gestational
diabetes mellitus (GDM) treated with different therapeutic
regimes, the introduction of insulin therapy before 32 weeks
of gestation achieved a progressive slowing down of fetal
abdominal wall thickness and mid-thigh subcutaneous area
(Figure 38.3) from 27 to 32 weeks to reach a perfectly compa-
rable rate of growth with that of the normal, nondiabetic 
control group by 32 weeks and which continued until the end
of pregnancy.39 In contrast, for women who began insulin
therapy after 32 weeks of gestation and for those who followed
only diet therapy, the initial difference apparent between these
two groups and both the pre-32 weeks insulin and normal
women at entry widened until the end of pregnancy. In 
parallel, the difference in glycemic patterns evident at entry
(Figure 38.4A) before onset of therapy was modified in the
pre-32 weeks women to become perfectly comparable with the
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normal group by 32 weeks (Figure 38.4B) while the post-32
weeks insulin therapy women reached a normalization of
glycemic values which matched that of the normal control
group only at 38 weeks of gestation (Figure 38.4C).39

In this study normalization of fetal growth was achieved
through a tight glycemic control which matched the patterns
of nondiabetic pregnancies before 32 weeks of gestation. It is
worth pointing out that although the control was tight, it did
not produce under-nourished fetuses resulting in under-
weight neonates. The incidence of small for gestational age
(SGA) infants in the diabetic groups was not different from
that of the control group. The risk of producing under-nour-
ished fetuses with too tight a glycemic control has often been
the fear following an influential study of Langer et al.40

Langer’s study, however, focussed on the mean daily glucose
level and did not explicitly consider the relevance of excur-
sions. If we look more carefully at Langer’s results,40 we may
actually see an interesting observation: ‘The mothers with
SGA infants were found to have the most stable level of
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P <0.0076. Normal, pre-32 weeks insulin vs. post-32 weeks insulin vs. diet. 

9780415426206-Ch38  11/29/07  4:02 PM  Page 294



1. Aerts L, Pijnenborg R, Verhaeghe J, Holemans K, Van Assche FA.
Fetal growth and development. In: Dornhorst A, Hadden DR, eds.
Diabetes and Pregnancy: An International Approach to Diagnosis
and Management. Chichester: John Wiley; 1996, pp. 77–97.

2. Kalkhoff RK. Impact of maternal fuels and nutritional status on fetal
growth. Diabetes 1991; 40:(suppl. 2): 61–5.

3. Langer O, Michael D, Berkus MD, et al. Shoulder dystocia: should
the fetus weighing > 4000 grams be delivered by cesarean section?
Am J Obstet Gynecol 1991; 165: 831–7.

4. Keller DJ, Lopez-Zeno JA, Dooley SL, et al. Shoulder dystocia and
birth trauma in gestational diabetes: a five-year experience. Am J
Obstet Gynecol 1991; 165: 928–30.

5. Combs AC, Navkaran BS, Khoury J. Elective induction versus spon-
taneous labor after sonographic diagnosis of fetal macrosomia.
Obstet Gynecol 1993; 81: 492–6.

6. William’s Obstetrics, 19th edn. New York: Appleton & Lange; 1993,
pp. 493–520.

7. Kaufmann RC, McBride P, Amankwah KS, Huffman DG. The effect
of minor degrees of glucose intolerance on the incidence of neonatal
macrosomia. Obstet Gynecol 1992; 80: 97–101.

8. Langer O. Fetal macrosomia: etiologic factors. Clin Obstet Gynecol
2000; 43: 283–97.

9. Aschkenazi S, Chen R, Perri T, et al. Size matters: management 
of the macrosomic infants. Isr J Obstet Gynecol 2001; 12: 
159–64.

10. Schwartz R. Hyperinsulinemia and macrosomia. N Engl J Med 1990;
323: 340–2.

11. Mello G, Parretti E, Mecacci F, et al. Anthropometric characteristics
of full-term infants: effects of varying degrees of ‘normal’ glucose
metabolism. J Perinat Med 1997; 25: 197–204.

References 295

glycemic control, the lowest mean blood glucose, with a
narrow variability indicated by a 27 mg range.’ That is, the
SGA mothers did not demonstrate the excursions which are to
be seen in the patterns of nondiabetic pregnancy glycemia,
and which indeed are necessary in order to eat nutritiously, as
Lois Jovanovic has observed: ‘To eat nutritiously, patients
require a 40 mg/dL blood glucose excursion after each meal.’23

What is necessary to normalize diabetic fetal growth is the
normalization of the glycemic pattern, including normal post-
prandial excursions. If the preprandial values are relatively
low, the necessary postprandial peak will not reach a level to
alter fetal growth.

Summary
From the point of view of prevention of fetal macrosomia, our
aims should be to provide for the fetus of a mother with
altered glucose tolerance a development environment which
resembles that of a mother with normal glucose tolerance.

Now that we have been able to establish what the normal
intrauterine state is with respect to glucose levels, what we
should be aiming for is normalization of the patterns of
glycemic level. While we should be cautious of creating under-
nourished fetuses, we must certainly be cautious of creating
over-nourished fetuses.

In our attempts to normalize body composition, we should
aim to mimic growth and body composition of the normal
fetus which may be best achieved through a maternal meta-
bolic state characterized by a daily glucose circadian rhythm
with a 1 h postprandial peak of about 30–40 mg/dL, nonethe-
less never exceeding a mean of 105 mg/dL, with relative 
nocturnal hypoglycemia.29

It should be remembered that the overgrown fetus of a dia-
betic mother is not only at immediate risk of birth injury but
also, in the long term, has a higher risk of developing obesity,
cardiovascular disease, and Type 2 diabetes. With extra care in
the intrauterine environment today, we can break the vicious
circle of maternal disease–fetal disease and assure a better
chance of health for the offspring of women with diabetes.
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Figure 38.4 cont’d, (C) 24-h maternal glycemic profiles at 38 weeks of gestation. Repeated measures of ANOVA, P <0.0092.
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Introduction
The title of this chapter is admittedly ambiguous. First, there
is no universally accepted definition of the term ‘fetal macro-
somia’. Second, given recent changes in attitude toward elec-
tive Cesarean delivery, an appropriate subtitle might be
‘Deciding when and by what route the suspected macrosomic
infant of a diabetic mother should be delivered.’ Third, given
the number of clinical factors that go into deciding the timing
and route of delivery of any infant of a diabetic mother
(IDM), finding a study that controls for all of these independ-
ent variables is extremely difficult. This chapter will present an
overview of current opinions and rationales for elective near-
term versus term delivery of the IDM suspected to be large,
and present some of the data supporting these opinions.

Existing guidelines
Published guidelines reflect a lack of consensus regarding
timing and route of delivery for infants of diabetic women.
The American Diabetes Association’s Clinical Practice
Recommendation for gestational diabetes advises delivery
during the 38th week of pregnancy in an effort to prevent fur-
ther in utero growth having achieved maturity.1 In contrast,
the American College of Obstetricians and Gynecologists
(ACOG) states that there is no good evidence to support rou-
tine delivery prior to 40 weeks gestation in women who have
gestational diabetes.2 The same organization suggests that in
the absence of diabetic nephropathy, retinopathy, poor
glycemic control or prior stillbirth, infants of pre-gestational
diabetic women be delivered at term.3 Similarly, the
Australasian Diabetes in Pregnancy Society (ADIPS) recom-
mends delivery at term for pre-gestational diabetic women
who are in good metabolic control and who do not have such
complications as pre-eclampsia, intrauterine growth retarda-
tion, and hydramnios.4 Both the ACOG and ADIPS suggest

consideration of Cesarean delivery when the estimated fetal
weight exceeds 4250 g4 to 4500 g.3,4

Rationale for delivery prior to
spontaneous onset of labor
As for any pregnant woman, intercurrent complications of
pregnancy such as pre-eclampsia, non-reassuring antepartum
testing or premature rupture of membranes at term are indi-
cations for delivery regardless of whether or not the mother
has diabetes. However, two potential complications of preg-
nancy which may occur with greater frequency in pregnancies
complicated by diabetes are fetal demise and excessive fetal
growth. These will be examined individually.

Fetal demise
For several years it has been assumed that intrauterine fetal
death occurred more frequently among IDMs than among
infants of nondiabetic mothers (INDMs). A population-based
study of 271,691 diabetic pregnancies among 10,733,983
deliveries confirmed that while the rates of fetal death for
IDMs and INDMs progressively declined from 29 weeks on,
the rate of fetal demise among the former consistently
exceeded that among the latter from 32 weeks on. The nadir in
fetal demise for IDMs was achieved at 38 weeks while that of
the NIDMs occurred at 40 weeks (Figure 39.1).5 At first sight
these data would appear to support delivery of IDMs at 38
weeks. However, because of the influence of confounding vari-
ables, this inference may not be justified. One such variable is
the type of diabetes. While some6,7 have found no differences
in perinatal mortality between Type 1 and Type 2 diabetic
pregnancies, others8 reported a higher rate among the latter.
Ethnicity and its concomitant, socioeconomic status, are two
other potential confounders, with some reporting variation 
in perinatal mortality among diabetic women of the same
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diagnostic type but different ethnicities.6,8 Maternal obesity
has been found to have a positive relationship with fetal
demise. In one study of 24,505 unselected births a pre-preg-
nancy body mass index of 30 or greater was found to be inde-
pendently associated with fetal demise. Because only three of
the 112 fetal deaths occurred in diabetic women, it was not
possible to determine if this relationship persisted among the
latter subgroup.9

A baby of a woman who has diabetes is at greater risk of
having major birth defects than is that of a woman who does

not have diabetes. Historically, anomalous fetuses constituted
a major proportion of fetal deaths. With the advent of diag-
nostic ultrasound, many such anomalies are being identified,
and a proportion of anomalous fetuses are aborted prior to
achieving a gestational age at which survival is possible.7 This
might serve to decrease the proportion of IDM stillbirths in
which anomalies are found. There is substantial variability in
the incidence of anomalies among IDM stillbirths in the few
recent studies reporting these data (Table 39.1). Because most
of these anomalies are compatible with survival till birth, the
inference that a given anomaly was contributory to fetal
demise may not be valid.

To conclude that delivery prior to 38 weeks will prevent
fetal demise, one must review the proportion of unexplained
fetal deaths among non-anomalous IDMs occurring at or
beyond 38 weeks. Of those studies reporting these data, one8

found 6/10 (60%) occurring within this time frame, while
another10 found 1/12 (8%) occurred in the 38th week. A third
study7 reported 13/64 (20%) non-anomalous fetal deaths
between 37 and 40 weeks.

Two major confounders in the analysis of factors con-
tributing to fetal demise are the level of maternal glycemia,
particularly during third trimester, and the utilization of
antepartum fetal testing. Only one study10 included both these
factors in their analyses. Mothers of nine of the 12 deaths in
non-anomalous fetuses had suboptimal glycemic control
during third trimester, the latter defined as a hemoglobin 
A1c greater than 7.5%. All six normal non-stress tests per-
formed within a week of fetal demise occurred in the three
women in good glycemic control carrying non-anomalous
fetuses. The deaths in these three occurred at 34, 36, and 
38 weeks, respectively.10

Excessive fetal growth
Two terms are generally used to define excessive fetal growth.
Macrosomia is defined by a birthweight exceeding a certain
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Table 39.1 Intrauterine fetal demise (IUFD) among infants of diabetic mothers and controls

Diabetes IUFD in diabetic pregnancies IUFD in nondiabetic pregnancies

DM Number of Total Anom GA @ IUFD Number Total Anom 
Reference types DMs (rate) (%) (weeks) of NDMs (rate) (%) P

8 1,2 594 10 (16.8) 1 (10) 32–42 82,025 NR NR NR
10 1 1361 25 (18.4) 7 (28) 25–38 NR NR NR NR
11 1 459 14 (30.5) 4 (29) NR NR NR NR NR
12 GD,1,2 83 4 (48.2) NR NR NR NR NR NR
13 GD,1,2 733 21 (28.6) NR NR NR NR NR NR
14 2 182 2 (12.2) 0 (0) NR NR NR (6.1) NR 0.47
15 1 213 4 (18.5) 0 (0) NR NR NR (5.2) NR NR
16 1.2 2356 63 (26.8) NR NR 620,841 3539 (5.7) NR 4.7(3.7–6.1)*
17 1 323 4 (12.4) 1 (25) 24–36 NR NR NR NR

IUFD rate is the rate of stillbirths per 1000 neonates born.
Anom (%) refers to the percent of fetal demise in which a fetal anomaly was reported.
P-values and rate ratio indicate a comparison between fetal demises in diabetic and nondiabetic pregnancies.
*Rate ratio. DM = diabetes, IUFD = intrauterine fetal demise, NDM = nondiabetic mothers, Anom = anomalous fetuses,
NR = not reported, GA = gestational age (weeks), GD = gestational diabetes.
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Figure 39.1 Gestational age-specific rates of fetal death (per
1000 births) among infants born to diabetic and nondiabetic
patients: United States 1995–1997. (From: Mondestin et al.,5
with permission from Elsevier.)
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number of grams, e.g. 4000 or 4500. While easy to remember,
this definition fails to consider the influence of gestational age.
The latter is taken into consideration by the term ‘large for
gestational age’ (LGA), which is usually defined as a birth-
weight exceeding the 90th percentile for a given gestational age
within a given population [18 Multiple studies have estab-
lished that at any gestational age, the birthweight of an IDM
exceeds that of an INDM.5,11,12,14,15 It is also clear that however
excessive fetal growth is defined, it occurs with greater 
frequency among IDMs. Why this is so has been the subject of
several investigations.

A number of factors have been associated with excessive
fetal growth. Besides maternal glucose intolerance, a positive
association with birthweight has been reported for maternal
age, ethnicity, parity, pre-pregancy weight, pregnancy weight
gain, male gender, and gestational age at birth, while a nega-
tive association has been found with maternal hypertensive
disorders and smoking.19,20 In one multivariate analysis of all
of these factors only maternal third trimester glucose values
and pre-pregancy body mass index were found to be inde-
pendently associated with birthweight percentile among
infants of insulin-requiring Type 2 and gestational diabetic
women.21

In the United States, adult obesity has progressively
increased over the last two decades.22 Maternal obesity is asso-
ciated with both diabetes and fetal overgrowth. An analysis of
over 53,000 pregnancies found a 20% increase in maternal
weight at first prenatal visit from 1980 to 1999. In that study,
whether defined by an absolute weight (e.g. 106, 114, and 136 kg)
or a body mass index (BMI) greater than 29 kg/m2 the inci-
dence of maternal obesity also increased over that time period.
While the risk of gestational diabetes and large for gestational
age neonates did not vary over time for the obese mothers, the
risk of these two adverse outcomes which was attributable to
maternal obesity did.22

Two other studies reported a progressive increase in gesta-
tional diabetes,23 pre-gestational and gestational diabetes24

and birthweight over 4000 g in parallel with progression in
maternal BMI from the overweight to obese24 and obese to
morbidly obese23 categories.

Whether either maternal obesity or glucose intolerance has
a more dominant effect in determining whether a neonate of
a diabetic mother will experience excessive growth has
received some scrutiny. In one multivariate analysis, gesta-
tional diabetes was found to be unassociated with LGA
neonates, whereas a maternal pre-pregnancy BMI of 26.1
was.25 In another study of nondiabetic gravidas, 37% of whom
had a 50-g, 1-h postglucose challenge test result which equaled
or exceeded 7.2 mmol/L, multiple logistic regression analysis
found a significant association between birthweight ≥4000 g
and maternal obesity, but not glucose challenge test result.26 In
contrast, a smaller study found that maternal height and a
fasting glucose ≥5.5 mmol/L but not maternal obesity were
associated with neonatal macrosomia.27 That other maternal
anthropometric or metabolic factors may be associated with
LGA neonates was suggested in two other studies. In one,
obese women with normal glucose tolerance had a signifi-
cantly greater incidence of LGA neonates than did normal
weight women who had either impaired glucose tolerance or

gestational diabetes (27.6 vs. 13.3%; P < 0.05).28 In another,
well-controlled (mean capillary glucose 5.0–5.6 mmol/L) diet-
treated but not insulin-treated overweight and obese gesta-
tionally diabetic women had an increased frequency of LGA
neonates in univariate analysis. In multivariate analysis, both
maternal obesity and mean maternal glucose levels were
found to be independently associated with the incidence of
LGA neonates.29 Thus maternal body habitus and treatment
modality in addition to weight, height, and glycemic control
may need consideration in determining the probability of
having a large birthweight neonate.

Infants of women who have glucose intolerance are distin-
guished from those of women with normal glucose tolerance
not only by increased weight at a given gestational age but also
by differences in fetal and neonatal body composition.
Although lean body mass does not differ between the two, fat
constitutes a greater proportion of fetal and neonatal weight
for the former than the latter. This difference in body fat is
apparent on ultrasound from second trimester to term,30,31

increases progressively with advancing gestational age31 and is
found in appropriate32 as well as large for gestational age
IDMs.31 LGA neonates of IDMs have larger skinfold thick-
nesses than LGA (but similar weight) INDMs.33 The differ-
ences in proportion of weight that is fat as well as in fat
distribution may explain why in one study the authors found
that for every 250 g increment in birthweight above 3750 g the
cumulative incidence of shoulder dystocia was significantly
greater for infants of diabetic women34 (Figure 39.2). These
findings have led to the suggestion that fetuses of women who
have diabetes who are estimated to be above a designated esti-
mated weight threshold should have Cesarean deliveries prior
to the onset of labor.35 Arresting fetal growth in IDMs has also
been used as a rationale to justify induction of labor prior 
to term.1

Method and route of delivery
Cesarean delivery
Given contemporary obstetrics practice, it is not possible to
discuss early and/or elective delivery without inclusion of a
discussion of the role of Cesarean delivery. In recent years the
overall rate of Cesarean deliveries has dramatically increased.
Rates from 1 to 37% of all deliveries have been reported from
different parts of the globe,35 with some hospitals reporting
rates in excess of 50%.36 That the increase in Cesarean deliveries
may not be of maternal or fetal benefit is suggested by a con-
tinent-wide study in which 49% of Cesareans were elective, yet
an increase in procedure-related, risk-adjusted maternal mor-
bidity and prematurity-adjusted neonatal intensive care 
unit admissions was associated with an increase in Cesarean
delivery rate.36

As with excessive fetal growth, maternal overweight and
obesity appear to have independent relationships with
Cesarean delivery rates. In one study, over a 20-year period the
proportion of Cesarean deliveries attributable to maternal
obesity increased in parallel with increasing maternal
weight.22 In another, adjusting for confounders such as fetal
macrosomia and maternal diabetes, the Cesarean delivery rate
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was higher for overweight and obese women than for women
with average BMIs.24 In a third, both elective and non-elective
Cesarean rates were found to be higher among obese com-
pared with non-obese nondiabetic women, regardless of their
50-g 1-h glucose screening test results.26

Overall, the likelihood of having a Cesarean delivery is
greater for a woman who has diabetes than is the background
risk. The overall risk of Cesarean delivery appears to be less in
series analyzing data of women who have only gestational dia-
betes than in those which include or exclusively consider data
of pre-gestationally diabetic women (Table 39.2). A variety of
factors either separately or collectively may serve as indica-
tions for Cesarean delivery. These include one or more prior
Cesarean deliveries, arrest of labor, placental abruption, pla-
centa previa, fetal malpresentation, estimated large fetal

weight, and patient demand. Unfortunately, few studies list the
primary indication for Cesarean delivery. Those that do list
prior Cesarean delivery37–39 pre-eclampsia,37–39 dystocia,37–40

estimated macrosomia,40 fetal distress,37,39,40 placenta previa,37

failed induction,37 and malpresentation.39 None mention dia-
betes as a primary indication. Thus estimating to what extent,
if any, maternal diabetes is considered in deciding whether or
not a patient is delivered by Cesarean is no simple task. That
maternal diabetes is independently associated with Cesarean
delivery has been established in multivariate analyses which
controlled for maternal demographics and obstetric 
complications.41–45 This association does not establish that
diabetes per se entered into the decision for route of delivery.
However, one other study approached this question from a
somewhat different angle. This study compared treated
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Table 39.2 Cesarean deliveries among diabetic women

Mean Number Number (%) Number (%) CS* 
Diabetes Number birthweight (%) Number Number CS* before for failed 

Reference type(s) DM (g) LGA (%) CS (%) 1∞ CS* labor onset induction

14 2 182 3246 57 (32) 95 (53) NA 41 (43) 21 (22)
17 1 323 3459 170 (53) 138 (43) 75 (54) NA 33 (24)
28 GDM, IGT 250 3281 50 (20) 84 (34) NA NA NA
37 GDM 1092 3300 NA 216 (20) NA 126 (58) 5 (2)
41 GDM,1, 2 4643 3466 NA 1051 (23) 1051 (100)a 427 (9) b NA
42 GDM 2755 3460 NA 686 (25) NA NA NA
40 GDM, 1, 2, 148 3570 NA 46 (31) 46 (100)a 0 32 (70)
43 GDM, 1, 2, 624 3266 209 (23) 263 (42) NA NA NA

*Percent of total CS. aNone of the patients had had a prior CS. b32% of these 427 were done for suspected macrosomia.
LGA = large for gestational age. CS = Cesarean delivery. 1∞ CS = primary Cesarean delivery. NA = not available, GDM = gestational diabetes 
IGT = impaired glucose tolerance.
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women who had gestational diabetes with untreated women
who had a lesser degree of glucose intolerance. Despite the fact
that the second group’s babies had an increased rate of macro-
somia than the first, there was no significant difference in the
frequency of Cesarean delivery between the two groups. This
finding suggests the possibility that the obstetrician’s thresh-
old to deliver by Cesarean may be lowered merely by the
knowledge that the patient has diabetes.46

Shoulder dystocia is perhaps the most feared complication
of vaginal delivery of the infant of a diabetic mother. The rela-
tionship of gestational age at delivery, glucose intolerance, and
the prevalence of shoulder dystocia has been explored in a few
publications. In one observational study no significant differ-
ence in either birthweight or the incidence of shoulder dysto-
cia was found between gestational diabetics who were
delivered at a mean of 37 weeks and pre-gestational diabetic
women who were delivered at a mean of 36 weeks.43 In a
prospective randomized trial of early delivery of insulin-
treated diabetic women, those delivered at a mean of 38 weeks
did weigh less than those delivered at a mean of 39 weeks.
While the incidence of shoulder dystocia was not statistically
significantly different between groups, the three shoulder dys-
tocias in the study occurred in the latter group.47 A third time
series did find a progressive diminution in birthweight and
shoulder dystocia over the four time epochs examined.
However, over time there was a reduction not only in weeks
gestation at delivery but also in targeted glucose values and in
estimated fetal weight as an indication for Cesarean delivery,
making difficult ascertainment of the independent contribu-
tion of early delivery to the reduction in shoulder dystocia.48

Shoulder dystocia and fetal macrosomia are dominant risk
factors for brachial plexus palsy.49 Infants born after shoulder
dystocia are at greater risk of brachial plexus injury if they
have greater birthweight than if they do not. A greater propor-
tion of macrosomic babies are born to diabetic women than to
nondiabetic women. For babies born after shoulder dystocia
who weigh ≥4000 g, the absolute risk of brachial plexus injury
is from 12 to 35%.50 Of the latter, from 5 to 7% will not spon-
taneously resolve.50,51 Surgical restoration of shoulder and
elbow function is possible in about 75% of those not resolving
spontaneously.51

Because of the risks of shoulder dystocia especially among
macrosomic infants of diabetic women, the strategy of
attempting to identify macrosomic fetuses of these women
and performing prophylactic Cesarean deliveries for them
prior to the onset of labor has been explored. This strategy is
premised on the assumption of the availability of a tool which
will predict macrosomia with a reasonable degree of accuracy.
Of the three tools utilized for this purpose (clinical, maternal,
and sonographic) estimating fetal weight by sonography has
been a major focus. Because the accuracy of prediction of a
given outcome (positive predictive value) depends on the
prevalence of that outcome in the population under study, and
because, however defined, macrosomic fetuses are more
prevalent in a population of diabetic women than in the non-
diabetic population, the accuracy of sonographic prediction of
fetal macrosomia is greater among diabetic than nondiabetic
women.50,52 However, even among diabetic women, the range
of positive predictive values of sonographically estimated fetal

weight is wide (from 44 to 81% in one review52). Furthermore,
the already high Cesarean rate among diabetic women 
(Table 39.2) likely diminishes the benefit of prophylactic
Cesarean deliveries in that among those who have Cesareans
during labor are women whose macrosomic fetuses are des-
tined to develop shoulder dystocia.50 Considering the preva-
lence of fetal macrosomia, shoulder dystocia, and brachial
plexus injury among diabetic women, a calculated estimate of
the number of Cesarean deliveries needed to prevent one per-
manent brachial plexus injury was 489 for estimated fetal
weights above 4000 g and 443 using a 4500-g threshold.50

The clinical utility of incorporating fetal weight estimates
in deciding route of delivery was evaluated in one prospective
clinical trial. At 37 to 38 weeks gestation fetuses sonographi-
cally estimated to weigh ≥4250 g within 7 days of estimated
delivery date were delivered by Cesarean prior to onset of
labor. Those who were large for gestational age but whose esti-
mated weight was less than 4250 g had their labors induced.
Historical controls were used for comparison. The incidence
of shoulder dystocia among the group managed by protocol,
1.5%, was significantly less than the 2.8% in the control 
group. However, of the 53 fetuses estimated to weigh ≥4250 g,
25 (47%) weighed less than 4000 g. The overall Cesarean rate
rose significantly from 22% among the controls to 25%
during the study period.53 Two reviews concluded that insuf-
ficient data exists to support prophylactic Cesarean delivery
above any designated weight threshold.50,52

Induction of labor
In discussing the relative merits of labor induction for diabetic
women, two fundamental issues must be addressed. First, a
comparison should be made of the risks and benefits of await-
ing spontaneous onset of labor versus those of delivery prior
to the onset of labor. Second, among the latter, the risks and
benefits of induction versus Cesarean delivery should be com-
pared. Only one randomized controlled trial examining the
relative merits of induction at 38 weeks versus awaiting spon-
taneous onset of labor has been published.47 Of the 200 sub-
jects, 187 were insulin-requiring gestationally diabetic women
and the remainder pre-gestationally diabetic women without
vasculopathy. All were in good metabolic control, had esti-
mated fetal weights less than 3800 g and were at least 38 weeks
at entry into the study. Mean birthweight of the induced group
was less than that of the expectantly managed group (3446 vs.
3672 g; P < 0.01 when adjusted for gestational age and mater-
nal age and weight). The three mild shoulder dystocias all
occurred in the expectantly managed group. Of interest is that
the rate of Cesarean deliveries between groups was not signif-
icantly different. Of those who had Cesarean deliveries, 24%
in the induction group and 39% in the expectantly managed
group had either failed induction or an arrest disorder as the
primary indication for surgery (P = NS).47 Two other observa-
tional studies reported similar findings. One consisted of
insulin-requiring gestationally diabetic women managed with
two different protocols during two different time periods.
The study group had their labors induced at 38 weeks. Patients 
in the historical control group had their labors induced at 
40 weeks only if they had a non-reassuring antepartum test,
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a favorable cervix, or an estimated fetal weight ≥4000 g. While
there was a significant difference in weeks gestation at delivery
between the study and control groups (38 vs. 39 weeks, respec-
tively, P < 0.001) there were no significant differences in 
birthweight, shoulder dystocia, or rate of Cesarean deliveries.54

In another retrospective study, gestationally diabetic women
who required medication to control their glycemia were com-
pared with those who did not. Women in the former group
had their labors induced at 37 weeks; those in the latter 
group had their labors induced at or beyond 38 weeks for indi-
cations similar to the first study. As in that study, women in the
induction group delivered earlier than those in control group
(38 vs. 39 weeks; P < 0.001) but there were no differences
between groups in birthweight, shoulder dystocia, or Cesarean
deliveries.55

An important question is whether diabetic women under-
going labor induction are more likely to ultimately deliver by
Cesarean than are nondiabetic women undergoing labor
induction. A retrospective comparison of two groups of
women undergoing induction found that despite the greater
parity and earlier gestational age of the diabetic compared with
the nondiabetic group, there were no significant between-
group differences in birthweights and in the frequencies of
Cesarean deliveries.56 Because of their earlier gestational age
and greater parity one might anticipate a lower Cesarean rate
in the diabetic group. However, another study found that
among 3392 diabetic women those undergoing labor induc-
tion had a significantly lower primary Cesarean rate than those
whose labor was not induced. However, the overall Cesarean
rate was greater for women who did, as opposed to those who
did not have diabetes.57 From these two data sets one may infer
that diabetic women undergoing labor induction may have
higher rates of Cesarean deliveries, but that within a group 
of diabetic women the risks of Cesarean delivery may be 
unaffected or decreased for those whose labor is induced.

A final question pertains to the comparative risks of
Cesarean delivery following induction of labor versus those
for women having Cesarean deliveries prior to the onset of
labor. While no analysis of this question limited to diabetic
women is available, a study of nulliparous women who had no
medical problems found that those undergoing Cesarean
delivery following labor induction had both unadjusted and
adjusted increased risks of intraperative trauma and compos-
ite morbidity than those whose Cesareans were performed
prior to the onset of labor.58

Concluding comments
Delivery at 38 weeks gestation may prevent some intrauterine
fetal deaths, particularly among women in poor glycemic con-
trol. However, most fetal deaths in pregnancies in diabetic
women occur prior to 38 weeks. Maternal obesity and
glycemic control appear to be associated with excessive fetal
growth. While the former is not subject to modification after
onset of pregnancy, the latter usually is. Whether estimates 
of fetal weight should be incorporated in determining method
and route of delivery remains controversial. The reduction in
shoulder dystocia using this approach is balanced by an
increased rate of Cesarean deliveries. While labor induction
for the woman who has diabetes has not been demonstrated 
to increase the rate of Cesarean deliveries, performing
Cesareans prior to the onset of labor is associated with less
morbidity than is performing the operation after labor has
been initiated.

Clearly much remains to be learned about the timing and
method of delivery of women who have diabetes. Hopefully,
well-controlled prospective randomized studies will assist in
guiding the peripartum care of women burdened with this
increasingly prevalent problem.
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Introduction
Fetal macrosomia is a frequent complication in pregnancies of
women with diabetes. Its incidence depends, among other
things, on the definition of macrosomia. On the one hand,
birthweight centiles (>90th or >97.7th centile) are used and, on
the other, weight (i.e. >4000 g or >4500 g) are used. The use of
centiles is preferable from an epidemiological point of view,
since such a definition is independent of gestational age.
However, weight is more directly related to complications
during labor. National studies show an incidence of a birth-
weight >90th centile in pre-gestational diabetic pregnancies of
20% (Sweden 1982–1985), 33.5% (Sweden 1991–1996), 45%
(the Netherlands, 1999–2000) and 51% (UK, 2002–2003).1–4

These data suggest that there might have been an increase of
macrosomia during the past decade: regional and/or multi-
center studies show an incidence of 19–43%.4–10 A birthweight
of >4000 g occurs in c. 20–25% of infants of women with
insulin-dependent diabetes3,4,12–14 and a weight >4500 g in
7–10%.3,13,15

Macrosomia is related to glucose control [glycosylated
hemoglobin (HbA1c) levels] during pregnancy, but the per-
centage of variance in weight explained by HbA1c values is
limited (i.e. <10%).3 Macrosomia in diabetic pregnancy is
related to unexplained death in utero, prolonged labor, shoul-
der dystocia and, as a consequence, fetal asphyxia, clavicle
fracture, and/or Erb’s palsy. Macrosomic newborns are at
increased risk of hypoglycemia, hyperbilirubinemia, and
hypertrophic cardiomyopathy.2,3,16–18 Prevention of macroso-
mia is therefore of great importance. This should be achieved
by reducing weight (centiles); however, since this seems as yet
impossible – at least at a nationwide level – a timed early deliv-
ery may be an option.

Obstetric management
Management of the macrosomic fetus depends on several 
factors, such as actual fetal weight (and/or centile) at which
perinatal risks increase and the reliability of fetal weight 
estimation. Moreover, as to the timing of delivery, gesta-
tional age (and fetal maturity) and the cervix score are of
importance.

Stillbirth
Stillbirth is more frequent in macrosomic fetuses and data
from the Swedish Medical Birth Register from 1991 to 1996
show an incidence of 2.4% in large-for-date infants as com-
pared to 1.2% for appropriate-for-date infants of insulin-
dependent diabetic women.2 Prevention of stillbirth in the
macrosomic fetus is, apart from improving maternal glucose
control and intensified fetal monitoring, only possible
through a relatively early delivery. There is a debate on the ges-
tational age at which stillbirth may occur in diabetic pregnan-
cies. Apparently, an older English survey showed that ‘all’
stillbirths in diabetic pregnancies occurred before 36 weeks,19,20

whereas more recent data show a clustering c. 38 weeks 
(Table 40.1). However, these data do not take into account the
number of infants delivered at the different gestational ages. A
large UK nationwide cohort of 2400 pregnancies of women
with Type 1 or Type 2 diabetes showed a stillbirth rate of
19/739 (2.6%) in normally formed infants delivered between
32 and 36 weeks and of 13/1420 (0.9%) in infants delivered
between 37 and 41 weeks.4 A timed delivery at or after 
38 weeks will, therefore, not prevent most cases.

Shoulder dystocia
Shoulder dystocia is infrequent in fetuses weighing <3500 g
(<0.2%). Its incidence is gradually increasing with increasing
weight and is c. 2–3% with a fetal weight of 4000–4500 g.
In infants weighing >4500 g, shoulder dystocia may occur in
10–20% of cases.13,21 There is strong evidence that maternal
diabetes is an independent risk factor for shoulder dystocia 
in infants weighing >4250 g.13,24 Langer et al.13 even found a 
3-fold increase in the weight categories of infants weighing
>4500 g (Table 40.2). This higher incidence is likely to be 
due to a higher shoulder-to-head and chest-to-head ratio in
these infants,22 i.e. with the same weight, the head of an infant
of a woman with diabetes is born easier than that of a nondi-
abetic mother, but the shoulders are larger and get stuck more
easily. Large babies of nondiabetic women are more likely to
be born by Cesarean section, since the bigger head is likely to
result in a failure to progress during the first or second stage
of labour.

In a recent Dutch nationwide study on pregnancy out-
come in Type 1 diabetes, shoulder dystocia was found in 25 of
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Table 40.1 Stillbirth in diabetic pregnancy. Number of cases and age of occurrence (gestational age >30 weeks only)

Gestational age (weeks)

Author (reference) n 33 34 35 36 37 38 39 40 41

Lowy et al.19 22 (all <36 weeks)
Garner et al.33 3 2 1
Landon et al. 34 1 1
Lagrew et al.35 3 1 2
McAuliffe et al. (from 17) 2 1 1
Evers et al.8 2 1 1
Evers et al.36 2 1 1

Total 13 1 2 1 6 1 1 1

Table 40.2 The incidence of shoulder dystocia in 
relation to birthweight in a large general population 
(n = 74,390) and in a diabetic population (n = 1589) in
Texas in between 1970 and 1985

Birthweight (g) Nondiabetic (%) Diabetic (g)

2500–3750 0.2 0.5
3750–4000 1.0 1.2
4000–4250 2.6 3.0
4250–4500 5.0 6.9
4500–4750 7.5 21.8
>4750 13.0 37.0

(Adapted from Langer et al.13)

various ultrasound methodologies used. This also holds 
true for diabetic cases.23 In other words, with an estimated
fetal weight of 4250 g, 25–30% of infants will weigh <4000 g
[95% confidence internal (CI) c. 3500–5000 g]. On the 
other hand, in order not to miss one infant weighing 4250 g,
a Cesarean section should be performed in all cases with an

estimated fetal weight of ≥3500 g, since the 95% CI at 
this weight estimation is 2800–4300 g. This would imply 
that at least 50% of diabetic women would need a Cesarean
section to prevent the vaginal birth of infants weighing 
>4250 g.24,25

This ‘inaccuracy’ further discourages elective Cesarean sec-
tions in nondiabetic fetal macrosomia. However, given the
high incidence of shoulder dystocia in diabetics with a fetal
weight >4250 g (±25%), a Cesarean section is recommended
in these cases.13,26 Ultrasound estimation of fetal weight is
likely to be more accurate if longitudinal measurements and
trends are taken into account, rather than an individual meas-
urement. Moreover, ultrasound fetal weight estimation is
more accurate when performed at 34–37 weeks of gestation
than at term, with an error in birthweight prediction of less
than 15% in 91% of cases.27 In a longitudinal study we found
that all infants with an estimated weight on ultrasound >90th

centile before 30 weeks, were severely macrosomic at birth
(>97.7th centile).28

Lung maturation
When considering an elective early delivery because of fetal
macrosomia – either induction of labor or a Cesarean section –
due account of sufficient fetal maturation has to be taken.
Elective Cesarean sections before 39 weeks are known to 
be associated with conditions like ‘wet-lung’ or respiratory
distress syndrome (in the nondiabetic population too).29,30

Assessment of fetal lung maturation should therefore be 
made if a Cesarean section before that time is considered.
It is not known if the same holds for a planned induction 
of labor, since labor itself might stimulate fetal lung matura-
tion. However, it is the present authors’ policy to perform 
lung maturity testing if labor is induced before 38 weeks 
of gestation. It is uncertain if antenatal corticosteroids,

179 vaginally delivered infants (14%; Table 40.3). Its incidence 
was already 14% in infants weighing 3500–4000 g and 38% 
in infants with a higher birthweight. There was one case of
Erb’s palsy and this occurred in one of the nine infants 
weighing >4500 g. Others found Erb’s palsy in 12 of 157 vagi-
nally delivered infants weighing ≥4500 g (7.5%).21 In the
recent Uk nationwide study on Type 1 and Type 2 diabetes
shoulder dystocia occurred in 22% of infants with a birth-
weight of 4000–4250 g, in 25% of infants weighing 4250–4500 g
and in 43% in heavier infants.4 The incidence of Erb’s 
palsy in the general obstetrical population is c. 1–2 per 1000
infants.23

By doing a Cesarean section in all diabetic women with an
estimated fetal weight >4250 g, c. 80% of shoulder dystocia
would be prevented. In contrast, in nondiabetic women such
a policy would only prevent 40% of dystocia, with a sharp rise
in the incidence of Cesarean sections.12 This difference
between diabetics and nondiabetics is due to the higher preva-
lence of shoulder dystocia in heavy infants of diabetic moth-
ers and to the different weight distribution of the overall
population.

A policy of elective Cesarean sections in case of fetal
macrosomia is only effective if fetal weight can be assessed
accurately. Unfortunately that is not the case and deviations of
up to 15–20% of actual weight have been described with the
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given to enhance fetal lung maturation, are effective after 
36 weeks of gestation.31

Timing of delivery
There is no convincing data as to the optimal timing of deliv-
ery of the macrosomic fetus of the woman with diabetes.
Gestational age, estimated fetal weight and the degree of glu-
cose control all play a role.In one randomized controlled trial
in 200 low-risk women with insulin dependent (pre)gesta-
tional diabetes, a lower incidence of Cesarean sections, large-
for-gestional age infants and shoulder dystocia was found in
case of induction of labor at 38 weeks as compared to expec-
tant management.32

The present authors start delivering infants with an esti-
mated fetal weight >97.7th centile from 36 weeks onwards,
after determination of fetal lung maturation. Labor may be
induced in the case of a favorable cervix. Poor glucose control
and excessive fetal weight may result in an even earlier inter-
vention; good glucose control may lead to a later intervention.
If longitudinal ultrasound measurements of fetal weight indi-
cate an estimated weight >4250 g, then a Cesarean section is
considered. Others consider a Cesarean section if estimated

weight >4000 g (M. Hod, personel communication). It is obvi-
ous that also factors, such as obstetrical history and maternal
height have to be taken into account.

Conclusions

● The problem of fetal macrosomia in maternal Type 1 and
Type 2 diabetes is increasing rather than decreasing.

● Intrauterine death occurs more often of large-for-gesta-
tional-age fetuses than of appropriate-for-gestational-age
fetuses. There is some evidence that the highest incidence of
stillbirth occurs c. 37–39 weeks of gestation.

● Complicated vaginal delivery of infants with shoulder 
dystocia occurs more often in diabetic women than in 
nondiabetic women when the infant weighs >4000 or 
4250 g.

● In Type 1 diabetes an elective Cesarean section is recom-
mended in cases where the estimated fetal weight is >4250 g,
despite limitations in fetal weight estimation.

● In cases where an elective delivery is considered before 
38 weeks of gestation, then fetal lung maturity testing is 
recommended.

Table 40.3 The occurrence of shoulder dystocia, clavicle fracture and Erb’s palsy according to birthweight in a
Dutch nationwide study on Type 1 diabetes and pregnancy between 1999 and 2000

Birthweight (g) Number Vaginal delivery Shoulder dystocia Clavicle fracture Erb’s palsy

<3000 69 32 – – –
3000–3500 79 52 2 – –
3500–4000 96 56 8 1 –
4000–4500 58 30 9 1 –
≥4500 22 9 6 2 1

Total 324 179 (56%) 25 (14%) 4 1

(From Evers.36)
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Metabolic syndrome: When
hypertension and diabetes meet
The striking increase in the prevalence of obesity, diabetes
mellitus (DM), hypertension, and cardiovascular disease in
the last two decades1 has led to the concept of the metabolic
syndrome.2 Also termed syndrome X,3 insulin resistance syn-
drome,4 and the deadly quartet,5 metabolic syndrome is char-
acterized by a constellation of well-documented risk factors
for cardiovascular disease, namely, glucose intolerance, insulin
resistance, central obesity, dyslipidemia, and hypertension,
that co-occur in individuals at a higher rate than expected by
chance. Extensive research has still not completely elucidated
the precise cause of the syndrome, although some strong posi-
tions have been taken. Nevertheless, it is widely recognized
that a combination of genetic predisposition and environ-
mental factors, particularly those associated with socioeco-
nomic status is involved. The environmental factors include
both postnatal life habits and nutrition, and – no less impor-
tant – intrauterine conditions. Indeed, there is plentiful evi-
dence linking low birth weight due to intrauterine growth
restriction (IUGR) with an increased risk of vascular disease
in later adult life.6

Intrauterine factors in metabolic
syndrome: The fetal origin of adult
disease
Barker6 pioneered the idea that the epidemic of coronary heart
disease in Western countries in the twentieth century, which
paradoxically coincided with improved standards of living
and nutrition, originated in fetal life. He postulated that the
low birthweight and impaired fetal growth which were charac-
teristic of deprived regions in the 1900s may have predisposed
the survivors to heart disease in later life. Support was pro-
vided by studies conducted in Hertfordshire, England, show-
ing a higher rate of cardiovascular mortality in men who had
been small at birth and at 1 year of age.6 Thereafter, at least
seven retrospective cohort studies reported an association of
low birthweight with high risk of later ischemic heart 
disease7–12 and stroke,13,14 or impaired glucose tolerance and

DM.15,16 It was also found to be associated with high blood
pressure (BP) in childhood17,18 and adult life.19 The evidence
was strongest for blood pressure and glucose tolerance,20

which could be measured earlier in life and for which more
data, and sometime also prospective data, were available.19,21

The evidence was weaker, though still convincing for heart
disease, for which data were sparse and often confined to men.
The findings in the few studies on stroke, particularly the
hemorrhagic type, were consistent.14

In another study, Barker et al.22 observed that the effects of
impaired fetal growth are modified by subsequent growth. As
such, individuals who were small at birth but became over-
weight in adulthood were at the highest risk of heart disease
and Type 2 DM (a physiological resistance to insulin action).
This finding led to the second part of the hypothesis, the
thrifty phenotype (Figure 41.1). The authors proposed that
the process of adaptation to undernutrition in fetal life leads
to permanent metabolic and endocrine changes. These are
beneficial if the undernutrition persists after birth, but may
predispose the individual to obesity and impaired glucose tol-
erance if it does not. The most unfavorable growth pattern is
smallness and thinness at birth, continued slow growth in
early childhood, followed by an acceleration of growth so that
height and weight approach the population means, with a
continued rise in body mass index above the mean. The
growth pattern differs by sex6,23 and ponderal index.6

However, as birthweight and ponderal index, as well as body
mass index, are only crude measures of the manner in which
fetal nutrition affects body composition and the balance of
lean body mass to fat, the true impact of fetal growth on later
disease remains unclear. Be that as it may, there is no doubt
that low birthweight and high body mass index interact and
that their effects on BP and impaired glucose tolerance are
multiplicative.6

The thrifty phenotype paradigm has stimulated a wealth of
animal and human research on fetal growth restriction and its
sequelae. The hypothesis predicts that a population undergo-
ing a transition from poor to better nutrition will be charac-
terized by more heart disease and impaired glucose tolerance.
This is epitomized by the rapidly rising incidence of Type 2
DM, ischemic heart disease, and obesity in increasingly urban-
ized India.24–26 Indian infants are exceptionally small, with a
mean birthweight of 2700 g, and their mothers tend to be
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short and underweight. The infants also have low muscle
mass, small viscera, and a relative excess of fat – a body com-
position particularly likely to lead to insulin resistance.27 In a
cohort study in Indian children, Yajnik et al.28 showed that
lower weight at birth and higher body mass index in child-
hood were associated with impaired glucose tolerance.
Although improving the growth and nutrition of the mother
before pregnancy would seem to be the ideal strategy to
improve fetal growth, animal studies have shown that more
than one generation of improved maternal nutrition may be
necessary for an optimal outcome.29,30 Thus, in India, where
women begin childbearing already in their teens, before they
are fully grown, postponing marriage might be a good first
step.31 There is only limited evidence that nutritional supple-
ments in pregnancy improve fetal growth in undernourished
mothers.32 Furthermore, the effect of supplements varies
according to the stage of pregnancy: giving them early in preg-
nancy may even worsen fetal growth.6

Stene et al.,33 in a large population-based cohort study, noted
a relatively weak but significant and nearly linear association
between birthweight and risk of Type 1 DM. The ratio of chil-
dren with a birthweight of 4500 g or more to children with a
birthweight of less than 2000 g was 2.21. This finding raised the
possibility that perinatal factors influence the risk of Type 1 DM.
The underlying mechanisms of this association are unknown,
but they probably differ from those responsible for the associa-
tion between low birthweight and later onset of Type 2 DM.

There may also be factors other than nutrition that play a
role in the casual pathway leading to high BP, cardiovascular
disease, or Type 2 DM.

The fetal origin hypothesis of adult disease assumes that a
poor nutrient supply during a critical period of in utero life
may ‘program’ a permanent structural or functional change in
the fetus, altering the distribution of cell types, gene expres-
sion, or both. Some researchers have accused the authors who

formulated the hypothesis of incorrect statistical interpreta-
tions because of chance, artifacts, or confounding factors in
later life, but these have been resolved.34 Nevertheless, it
should be emphasized that support for the hypotheses comes
mainly from studies in rodents35 which cannot rule out envi-
ronmental causes, particularly those associated with socioeco-
nomic status,36,37 genetic predisposition to low birthweight or
hypertension and hypertension-related diseases, and postnatal
factors.38,39 Unfortunately, testing these parameters in humans
is neither ethical nor practical.

In an attempt to separate genetic from extrauterine envi-
ronmental influences, some researchers have studied multiple
pregnancies. For example, the Tasmanian Infant Health
Survey of a cohort of monozygotic, dizygotic, and singleton
pregnancies reported a stronger association between birth-
weight and BP in children from multiple pregnancies.40 The
association also held true within the monozygotic pairs, sug-
gesting that a genetic predisposition may need to be combined
with specific mechanisms within the fetoplacental unit.40

A study of 492 pairs of female twins showing an inverse rela-
tionship of birthweight and adult BP41 proved further corrob-
oration for the assumption that restricted intrauterine growth
is due to placental dysfunction rather than inadequate mater-
nal nutrition or genetic factors.

Two other studies stress the importance of primary preven-
tion of high BP and cardiovascular disease and the controversy
still surrounding Barker’s fetal origin hypothesis. In the first,
school children with a history of low birthweight were found
to have impaired endothelial function and a trend towards
carotid stiffness, which may represent early expressions of vas-
cular compromise.42 However, another group of investigators
showed no difference in flow-mediated endothelial-dependent
vasodilatation (early stage in the development of atherosclero-
sis) between adolescents who had a low birthweight and 
controls.43
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Figure 41.1 Possible mechanisms linking fetal undernutrition and coronary artery disease. IGF, insulin growth factor.
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An additional factor that may underlie the proposed con-
tribution of the intrauterine environment to adult disease is
the reduced nephron mass documented in infants in disad-
vantaged populations with intrauterine growth restriction and
exposure to maternal diabetes and vitamin A deficiency. A
lower nephron mass may impair nephrogenesis, thereby
increasing the susceptibility of the infant to later kidney
damage from diseases such as hypertension and diabetes,
which also commonly affect disadvantaged people.44

Mechanisms underlying metabolic
syndrome
Metabolic syndrome is characterized by a cluster of clinically
recognizable physiological abnormalities: glucose intolerance,
high BP, and unfavorable lipid profile – all alterations induced
by the compensatory hyperinsulinemia. It also involves bio-
chemical abnormalities.45 Up-regulation of the inflammatory
cascade has recently been recognized as an additional risk
factor for the impaired cardiovascular component of the 
syndrome.46

Insulin resistance now appears to be the epidemiological
link between high BP and obesity. Insulin resistance induces
hypertension via mechanisms at the cellular, circulatory, and
neurological levels, as well as via possible polygenic factors.
Acquired or transient insulin resistance is associated with cer-
tain physical conditions, such as pregnancy, obesity, oral 
contraceptive use, and severe distress. Type 2 DM is a state of
increased insulin secretion caused by the physiological resist-
ance of insulin action and a lower-than-normal beta-cell
reserve. Diabetes in pregnancy or gestational DM (GDM) may
precede the clinical expression of Type 2 DM in the nonpreg-
nant state, even by several years. Pre-eclampsia and other
hypertensive disorders, which are known to have a higher 
incidence in GDM, can be linked to increased insulin 
resistance.47

Insulin resistance and hypertension
in the nonpregnant state
To understand the association between insulin resistance and
hypertensive disorders in pregnancy, we first need to elucidate
the role of insulin resistance in hypertensive disorders in the
nonpregnant state. The pathogenesis of essential hypertension
is multifactorial, involving complex interactions between
endocrine, metabolic, and genetic factors.

The obesity component
The worldwide obesity epidemic has been a major driving
force in the recognition of metabolic syndrome.45 Several of
the definitions proposed for metabolic syndrome include
increased waist circumference.48–50 This factor is known to be
associated with a relative predominance of visceral over sub-
cutaneous adipose tissue,51,52 which results in a higher rate of

flux of adipose-tissue-derived free fatty acids to the liver
through the splanchnic circulation, thereby effecting glucose
production, lipid synthesis, and prothrombotic protein secre-
tion – all features of metabolic syndrome.53 Obesity, aging,
and diabetes can amplify genetic tendencies toward the clini-
cal expression of the disorder (Figure 41.2). Familial clustering
of DM and hypertension has been reported by several investi-
gators, who also observed a close association of insulin resist-
ance with obesity-related hypertension.54,55

The dyslipidemia component
Several other metabolic disturbances, such as elevated levels 
of triglycerides, decreased levels of high-density lipoproteins
(HDL), high cholesterol level, glucose intolerance, and 
hyperuricemia, have also been related to hyperinsulinemia.56

The metabolic consequences of these disturbances include
changes in the lipid profile resulting in atherosclerosis,
increased deposition of body fat, and proliferation of vascular
smooth muscle cells, which place the hypertensive, hyperinsu-
linemic individual at increased risk of cardiac complications
and stroke.57 Studies of the evolution of the clinical and 
biological disturbances in women with a polycystic ovary
(PCO) support the view that insulin resistance, dyslipidemia,
and hypertension are all manifestations of a single syn-
drome. Often obese, these women have hyperinsulinemia
which disrupts sex hormone production,58 resulting in 
androgenization and clinical manifestations of hirsutism and
infertility. During pregnancy, they have more glucose intoler-
ance59 and pregnancy-induced hypertension (PIH).60 Later 
in life, women with PCO acquire a male-pattern risk profile
for coronary artery disease, including dyslipidemia and 
hypertension.61
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Figure 41.2 Factors influencing the generation of insulin
resistance and its clinical correlates in the nonpregnant state.
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The inflammatory component
The association of the metabolic syndrome with inflamma-
tion is well documented.62 The increase in proinflammatory
cytokines, including interleukin 6, resistin, tumor necrosis
factor-alfa (TNF-α), and C-reactive protein,63 reflects an 
overproduction by monocyte-derived macrophages and 
possibly other cells within the expanded adipose tissue
mass.64–66

Mechanisms of action
Physiologic studies suggest that insulin resistance occurs pri-
marily in the peripheral muscles and is mediated through the
nonoxidative intracellular pathways of glucose disposal.67–69

Insulin modulates BP through several pathways, including
stimulation of sympathetic neural activity, direct vasculo-
pathic actions, changes in cellular ion flux, and promotion of
sodium retention.

Effect on the sympathetic nervous system
Insulin stimulates the release of plasma norepinephrine,70

increases heart rate and systolic pressure, and stimulates vas-
cular tone. In younger subjects and in subjects with acute
hyperinsulinemia,71 these effects appear to over-ride insulin’s
direct vasodilatory effect on the vascular beds. The observa-
tion that insulin administration sometimes leads to hypoten-
sive episodes in diabetic patients with autonomic neuropathy
is proof of insulin’s vasodilatory ability. The complexity of the
situation is apparent from the finding that insulin therapy
normalizes angiotensin responsiveness72 and increases pressor
responses.73 Therefore, the possible attenuating effect of
insulin on vasoconstrictor responses may be blunted in the
presence of a pathological resistance to insulin action at the
cellular level.74

Effect on vascular smooth muscle and epithelium
Hyperinsulinemia triggers hypertrophy of the vascular
smooth muscle cells, leading to vasoconstriction and stiffen-
ing of the blood vessels and the development of left ventricu-
lar hypertrophy.75 The additional hyperinsulinemia-induced
lipid changes also promote atherosclerosis, with further stiff-
ening and narrowing of the arteries. Evidence regarding the
role of insulin resistance and hyperinsulinemia in the patho-
genesis of endothelial dysfunction is less clear. McCarthy76

presumed that the dysregulation of the transmembranous
electrolyte pumps, which causes increased basal vascular tone,
is a result of relative lack of insulin rather than hyperinsuline-
mia at the smooth muscle level.

Effect on the transmembranous electrolyte pump
In acute hyperinsulinemic states, transmembranous calcium
(Ca) influx is usually lowered and vascular tone is decreased.
However, the effect of chronic hyperinsulinemia on 
Ca2+ -adenosinetriphosphatase, Na+K+-adenosinetriphos-
phate, and the Na+–H+ countertransport mechanism may
actually culminate in a rise in intercellular Ca2+ levels and
increased vascular tone.77,78 Studies have shown that erythro-
cyte sodium–lithium countertransport is elevated in hyper-
tensive patients with insulin resistance and hyperinsulinemia.

At the cellular level, levels of cytosolic calcium increase, along
with smooth muscle proliferation.79

Genetic components in insulin resistance
Type 2 DM has a strong genetic component. The genetic 
contribution varies from population group to population
group, suggesting that more than one gene is involved and that
more than one gene defect may cause similar phenotypic 
clinical syndromes.80,81 Research in this area has concen-
trated on the steps in the insulin-signaling cascade between
receptor and transport protein, but a lack of information
about a specific postreceptor signaling currently hampers
these efforts.

Clinical consequences of insulin resistance
Insulin resistance impairs glucose tolerance while promoting
dyslipidemia, obesity, hypertension, and atherosclerosis. Its
effects on salt handling by the kidneys predisposes the individual
to renal dysfunction. Obesity, glucose intolerance, hyperinsu-
linemia, hypertension, and dyslipidemia represent cumulative
risk factors that generate an escalating cycle of vascular compro-
mise and collapse. Patients with three or more of these risk fac-
tors have an increased incidence of stroke, nephropathy,
ischemic heart disease, and peripheral vascular disease.82 Long-
term diabetic complications are the most common cause of
blindness, renal failure, and limb amputation in the United
States today. Meticulous glycemic control has been shown to
decrease the incidence of eye disease among diabetic patients.
Antihypertensive therapy, specifically with angiotensin convert-
ing enzyme inhibitors (ACE-I), is effective in reducing the rate of
progression of diabetic kidney disease. To prevent the peripheral
vascular remodeling that results in stroke, limb loss, and heart
disease, the underlying pathophysiologic mechanism needs to be
reversed. This has become possible with the introduction of
metformin83 and troglitazone,84 which are prototypes of the new
classes of insulin-sensitivity-enhancing agents. These drugs are
an important addition to the weight loss, exercise, and diet mod-
ification programs used to date, lifestyle habits which are effec-
tive but rarely adhered to for more than a few years.

Insulin resistance and Type 1 DM
The recent acceptance of the role of insulin resistance in 
Type 1 DM was supported by the concurrent rise in the 
incidence of the disease with a steady increase over the last
20–30 years in overweight and sedentary habits in children
and adolescents in many populations. Medical evidence of the
link between Type 1 DM and insulin resistance/metabolic 
syndrome continues to grow. The insulin resistance associ-
ated with the rising prevalence of weight gain may reflect a
more aggressive form of autoimmune disease mediated by the
same immuno-inflammatory factors that mediate beta-cell
destruction, namely TNF-α and interleukin-6.85 Moreover, the
onset of diabetic nephropathy might contribute to insulin
resistance/metabolic syndrome via mechanisms of low-grade
inflammation and increased oxidative stress.86,87 These con-
cepts are included in the ‘accelerator hypothesis’ on the role of
insulin resistance and overweight in Type 1 DM.88
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Insulin resistance and hypertension
in pregnancy
In normal pregnancy, insulin resistance results in a metabolic
advantage for the fetus. The mother enters a state of acceler-
ated starvation in which she increases her reliance on lipolysis
and protein catabolism as a source of energy. Thus, glucose is
reserved for the fetus, which uses it as its primary fuel.89 A
steady supply of glucose is essential for the growing fetomater-
nal unit; normally, pregnant women are able to increase their
insulin secretion to three times that of nonpregnant women.90

In GDM, however, there is no increase in maternal insulin
secretion in reaction to the increasing insulin resistance.91

Some investigators believe this effect is due to a metabolically
limited beta-cell reserve.92,93 In most women with GDM,
insulin sensitivity is restored after pregnancy. However, some
may later develop Type 2 DM. The reported cumulative inci-
dence rate of Type 2 DM after GDM is approximately 50%
after 5 years.94,95 It is even higher in women with excessive
weight gain or with repeated pregnancies, who continue to
experience insulin resistance.96 Thus, the strong association
between insulin resistance, hypertension, obesity and dyslipi-
demia, as part of the metabolic syndrome or sharing a
common pathway in intrauterine life, may explain the higher
incidence of hypertensive complications in diabetic preg-
nancy. Researchers reported that metabolic syndrome may
also involve other metabolic abnormalities besides hyper-
glycemia, hyperinsulinemia, and dyslipidemia, namely,
increased concentrations of plasminogen activator inhibitor
(PAI)-1,97 leptin,98 and TNF-α.99 Although these markers are
surrogate measures of insulin sensitivity, they have been asso-
ciated with a risk of hypertension in pregnancy. In fact, the
normal physiological response to pregnancy has several com-
ponents, such as insulin resistance, hyperlipidemia, increase in
coagulation factors, and upregulation of the inflammatory
cascade, that may contribute to a transient and earlier than
expected excursion into metabolic syndrome47 (Figure 41.3).

Gestational diabetes and hypertensive disorders
The study of both GDM and PIH has suffered from the lack of
international consensus about classification, definitions, and
nomenclature, leading to difficulties in comparing studies that
used different diagnostic criteria. Nevertheless, epidemiologi-
cal and physiological evidence suggests that GDM and PIH are
etiologically distinct entities and that GDM is strongly associ-
ated with insulin resistance and glucose intolerance, whereas
pre-eclampsia is probably not.

Epidemiological studies
Diabetic pregnancy is associated with a higher rate of hyperten-
sive complications than normal pregnancy,100,101 and a slightly
increased risk of pre-eclampsia (15–20% vs. 5–7%).102–104 The
latter holds true even when the diagnosis of GDM is based on
the 2-h 75-g oral glucose tolerance test (OGTT).105 Mean arte-
rial pressure is further increased in the presence of early diagno-
sis of GDM and the need for insulin therapy.106 The increased
risk of hypertensive disorders in GDM is probably a result of the

combination of insulin resistance and a genetic predisposition
(Figure 41.4). A genetic predisposition to PIH was described in
southwestern Navajo Indians, who like other Native Americans,
are also at increased risk of hypertension, obesity, and DM.107

Pre-eclampsia was also reported to be associated with increased
fasting plasma insulin levels in African–American women.108

However, these findings have not been confirmed in more het-
erogenous populations.109

Physiological studies
Patients with the severest form of glucose intolerance are 
more likely to exhibit pre-eclampsia110 than patients with
milder forms.109 Controlled studies of the association between
insulin resistance and pre-eclampsia have been performed in
several populations. Martinez et al.111 found that among
women with normal glucose tolerance in the third trimester,
those who subsequently developed severe pre-eclampsia 
had similar fasting and postprandial glucose levels to nor-
motensive controls, but their fasting plasma insulin levels were
2-fold higher and their post-load insulin concentrations,
4-fold higher. Moreover, Joffe et al.112 reported that the level 
of plasma glucose at 1 h after a 50-g oral glucose challenge was
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Figure 41.3 Risk factors for vascular disease and metabolic
syndrome in pregnancy.

PregnanciesNeonatal Middle Age

Age

Healthy

Complicated
pregnancy e.g. PE,
IUGR, miscarriage
pre-term delivery

Threshold for
vascular or
metabolic disease

C
ar

di
ov

as
cu

la
r 

ris
k

Figure 41.4 Factors influencing the generation of insulin resistance
and its clinical correlates during pregnancy. (Sattar et al.47)

9780415426206-Ch41  11/29/07  4:14 PM  Page 312



an important predictor of pre-eclampsia, even if it was 
within the normal range. This suggests that there is a contin-
uum of insulin resistance also in women with normal glucose
tolerance that may predispose them to hypertensive 
disease. This assumption was supported by a similar study in
China wherein higher serum insulin concentrations were
detected in women with pre-eclampsia.113 Besides insulin
resistance, women with GDM and women with pre-eclampsia
have similar hemodynamic profiles, namely, significant left
ventricular hypertrophy and reduced diastolic function.114

The mechanism by which insulin resistance may link these
physiological findings is still unknown. One possibility is an
interference of insulin resistance with the function of an
endogenous solium pump inhibitor or digitalis-like factor.
Graves et al.115 demonstrated that levels of serum digoxin-like
immunoreactive factor are higher in women with preexisting
diabetes and pre-eclampsia than in normotensive diabetic
women.

In hypertensive diabetic patients, some of the physiological
changes that occur during pregnancy may persist after preg-
nancy. In one study, women with a pre-eclamptic pregnancy
showed greater plasma insulin responses and steady-state
plasma glucose levels 2 months after delivery than women
with uncomplicated pregnancy.116 A longer-term study
reported persistent mild hyperinsulinemia in women 17 years
after a pre-eclamptic pregnancy, despite their current normo-
glycemic state.117 Other investigators, however, failed to detect
these changes at 3–6 months after delivery.118

Pregestational diabetes and hypertensive complications
In most cases, pregestational diabetes refers to Type 1 DM.
The incidence of Type 1 DM in pregnancy ranges from 0.2 to
0.5%.119,120 Affected women contribute a heterogenous group
in terms of duration of diabetes, White’s classification, pres-
ence of hypertension, and end-organ damage, especially to the
eye (retinopathy) and kidney (nephropathy). Pregnancy in
women with Type 1 DM is associated with increased risks of
pre-eclampsia, IUGR, neonatal morbidity, and perinatal mor-
tality.110–127 The diagnosis of pre-eclampsia is difficult in
women with preexisting hypertension and proteinuria,120 and
women with chronic hypertension are at increased risk of

superimposed pre-eclampsia independent of the presence of
diabetes.128 The rate of hypertensive disorders (PIH and pre-
eclampsia) in the various studies ranged from 9 to 66%. The
lowest rate occurred in women with milder forms of DM
(class B), and the highest in women with diabetic nephropa-
thy. Table 41.1 summarizes the reported rates of pre-eclamp-
sia in women with Type 1 DM.119,121,129–132 Four of the six
studies noted that rates of pre-eclampsia increased with an
increasing severity of diabetes, with a mean of 16% (range
9–24%). Rates were higher in patients with diabetic nephropa-
thy (mean 52%, range 35–66%) (Table 41.2). The risk factors
identified for pre-eclampsia in women with Type 1 DM were
as follows: duration of diabetes, preexisting hypertension,
microalbuminuria prior to pregnancy, glycemic control prior
to 20 weeks, nulliparity, minimal proteinuria (190–499 mg/dL)
before 20 weeks, and nephropathy.109,122,123,133–135 Siddiqi 
et al.122 listed nulliparity, duration of diabetes, and poor
glycemic control, and Caritis et al.,133 nulliparity and mean
arterial pressure. Combs et al.123 added glycohemoglobin
(HbAlc) level >9% at 12–16 weeks of gestation and proteinuria
>190 mg/dL. Accordingly, Hanson and Persson119 noted a pre-
eclampsia rate of 31% when HbA1c levels were >10.1%, and a
rate of 10.2% when HbA1c levels were <10.1%. These findings
indicate that PIH/pre-eclampsia might be preventable by
aggressive control of maternal BP before and during preg-
nancy, and prevention of microalbuminuria or reduction of
proteinuria level in women with diabetic nephropathy.
Recently, researchers found that suboptimal control of hyper-
tension in early pregnancy was associated with a significant
risk of preterm delivery.136

ACE-I seems to be the ideal agent for the treatment of
hypertension.135,137 According to one long-term follow-up
study, the survival of patients with diabetic nephropathy has
increased from 5 to 7 years to a median of 21.7 years, most
likely because of improvements in aggressive antihypertensive
treatment and glycemic control.138 The same group of investi-
gators showed that pregnancy itself has no adverse impact on
kidney function and survival in patients with preserved renal
function and diabetic nephropathy.139 Therefore, in women
with Type 1 DM and preexisting hypertension and proteinuria,
stringent glycemic control should be started at least 6 months
before conception in order to achieve a good pregnancy 
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Table 41.1 Rate of pre-eclampsia in women with Type 1 diabetes (excluding those with nephropathy)

Pre-eclampsia*

Authors Number of women White’s class Number %

Hanson and Persson119 463 B–R 53 11.5
Garner120 107 B, C 13 12.2
Green et al.121 361 B–R 86 23.8*
Miodovnik et al.129 136 B–R 12 9.0
Kovilam et al.130 238 B–D 36 15
Sibai et al.131 462 B–D 92 20

Total 1767 292 16.4

*Includes women with pregnancy-induced hypertension.
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outcome and long-term effect.135 However, contrary to findings
in earlier studies of a nonteratogenic effect of ACE-I in early
pregnancy,140,141 in 2006, Cooper et al.142 reported an increased
risk of major congenital malformations in infants who were
exposed to ACE-I in the first trimester compared to infants who
were not (OR = 2.71, 95% CI 1.72–4.27). Nevertheless, ACE-I
are still useful for patients with diabetic nephropathy for a
planned pregnancy. Since conception can take months, prevent-
ing the administration of ACE-I during this period may
enhance long-term renal function and pregnancy outcome.
Patients should be advised to use sensitive pregnancy kits for the
earliest possible detection of pregnancy, when the ACE-I must
be immediately stopped. The preconception medication should
be accompanied by strict glycemic control.135 Some authors
suggested the use of low-dose aspirin to prevent pre-eclampsia,
since alterations in the metabolism of prostacyclin and throm-
boxane A2 have been reported in DM.120,143 However, Caritis 
et al.,143 in a study of 462 women with Type 1 DM, found no sig-
nificant differences in the rate of pre-eclampsia between the
aspirin and placebo groups, although there was a nonsignificant
trend toward a lower rate of pre-eclampsia in the aspirin group
(19 vs. 32%, respectively). Larger studies in patients with dia-
betic nephropathy are needed to clarify this issue.

Microalbuminuria, diabetes, and hypertension in
pregnancy
The role of microalbuminuria in DM has been established
over the last 20 years. At the early stage of DM, when glucose
metabolism is not controlled, the increase in glomerular
plasma flow and intraglomerular pressure is probably respon-
sible for the increased protein excretion.144 Some authors
believe these hemodynamic alterations are major determi-
nants of both the initiation and progression of diabetic
nephropathy.145 Several studies have reported that patients
with Type 1146 or Type 2 DM147 who have above-normal uri-
nary albumin excretion rates are more likely to acquire dia-
betic nephropathy, eventually progressing to renal failure.148

Microalbuminuria is also associated with an excess of known
and potential cardiovascular risk factors, and it is a marker of
established cardiovascular disease in both hypertensive149 and
nonhypertensive150 individuals. Its role in diabetic and hyper-
tensive pregnancy is less clear,151 but becoming increasingly
recognized. One study found that the presence of microalbu-
minuria in the early third trimester was predictive of pre-
eclampsia in pregnant women at risk.152 Furthermore, a
significantly higher rate of women whose pregnancy was com-
plicated by pre-eclampsia, had microalbuminuria 5 years later
(40%) than women with uncomplicated pregnancy.153

Microalbuminuria was also noted in 30% of 72 women who
had not conceived since a previous GDM pregnancy 5–8 years
previously – a significantly higher rate than in women who
did not have a history of GDM.154 Ekbom134 in a study of 68
women with Type 1 DM, found that pre-eclampsia developed
in 60% of those who had microalbuminuria before pregnancy.
When the data were fitted to a logistic regression model, a sig-
nificant association was revealed between microalbuminuria
and duration of diabetes and pre-eclampsia. As in patients
with hypertension, the progression to diabetic nephropathy in
patients with Type 1 DM and microalbuminuria can be
slowed by blockage of the renin–angiotensin system.
Angiotensin II receptor antagonists were also recently shown
to be renoprotective in patients with Type 2 DM and microal-
buminuria.155 This finding and other preliminary results135,137

further suggest that pregnancy outcome may be improved
with pre-pregnancy ACE-I treatment (discontinued at con-
ception) in diabetic patients with overt proteinuria or
microalbuminuria.

Table 41.2 Rate of pre-eclampsia in women with 
diabetic nephropathy

Pre-eclampsia*
Number 

Authors of women Number %

Hanson and Persson119 31 18 58
Greene et al.121 59 39 66
Gordon et al.124 45 24 53
Reece et al.125 31 11 35
Miodovnik et al.129 46 30 65
Kovilam et al.130 73* 32 44
Sibai et al.131 58 21 36
Bar et al.135 24 11 46
Total 367 186 52

*Includes women with retinopathy and nephropathy.
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Introduction
Diabetic retinopathy is the most common chronic complication
of diabetes mellitus,1 and is the most common cause of blind-
ness in middle-aged subjects in the United States and the
United Kingdom.2–5 The mutual effects of pregnancy and
retinopathy, though long a subject of research and debate,
remain unclear, and data on methods of diagnosis and manage-
ment in pregnancy remain scarce.6–10 The purpose of this 
chapter is to review the current literature on the effects of
pregnancy on diabetic retinopathy, and to provide guidelines
for the management of pregnancies complicated by diabetic
retinopathy.

Diabetic retinopathy in nonpregnant
patients
Epidemiology
The prevalence of diabetic retinopathy is almost 100% in
patients with Type 1 diabetes and over 60% in patients with
Type 2 diabetes in whom the disease has been present for more
than 20 years.11–13 In the population-based Wisconsin
Epidemiologic Study of Diabetic Retinopathy, the prevalence
of proliferative diabetic retinopathy was 1.2 and 67% in per-
sons with Type 1 diabetes for less than 10 years and more than
35 years, respectively.

It is estimated that 20–30% of diabetic women in the
reproductive age group has some evidence of retinopathy.1

Risk factors for diabetic retinopathy include longer duration
of the disease, onset of disease before 30 years of age, poor
glycemic control manifested by higher levels of glycosylated
hemoglobin, hypertension, hypertriglyceridemia, anemia, and
evidence of diabetic nephropathy.4,11,14–21

Classification of diabetic retinopathy
Diabetic retinopathy is a progressive disorder, and is generally
categorized as either nonproliferative (NPDR, or background)
or proliferative (PDR), although more detailed grading sys-
tems exist,22,23 as presented in Table 42.1. Grading is per-
formed according to the semi-quantitative assessment of the

morphological lesions on fundus photographs. The grading
system considers mainly the type and number of retinopathy
lesions, while the diagnostic value of the regional distribution
of the lesions is largely unknown.24

Pathogenesis and natural history
Diabetic retinopathy is the result of several pathological
processes that include loss of capillary pericytes, damage to
capillary wall resulting in increased permeability and weak-
ness of capillary wall, microvascular occlusion leading to reti-
nal ischemia, and proliferation of new blood vessels. 25–28 It is
currently believed that chronic hyperglycemia is the primary
cause of diabetic retinopathy.29–31 Although the exact mecha-
nisms by which hyperglycemia initiates these pathological
processes remain unclear, putative mechanisms include
impaired autoregulation of retinal blood flow,32 increased
production of sorbitol by the enzyme aldose reductase,33 accu-
mulation of advanced glycation end-products,34 oxidative
stress,35–37 increased platelets aggregation and hypercoagula-
bility,38 and alteration in cell signaling pathways such as dia-
cylglycerol-induced protein kinase C activity.39–41

Nonproliferative diabetic retinopathy
Microaneurysms, hypercellular outpouchings from the capil-
lary wall, are the earliest signs of diabetic retinopathy. They
appear as small red dots (Figure 42.1), and can be identified in
2 and 98% of the patients with Type 1 diabetes in whom dis-
ease has been present for 2 and 15 years, respectively.42

Possible mechanisms for the formation of microaneurysms
include weakness of capillary wall and increased intraluminal
pressure.25,26 Rupture of microaneurysms results in retinal
hemorrhages which may appear as either small dots or larger
flame-shaped hemorrhages. As a result of the increased capil-
lary permeability, lipids and proteins leak into the outer
retina, appearing as well defined yellow-white deposits,
known as hard exudates (Figure 42.2). Extravasation of fluids
may lead to retinal thickening and edema. Although, in gen-
eral, nonproliferative retinopathy does not impair vision, hard
exudates or retinal edema involving the macular area may lead
to severe loss of central vision.43 Thus, diabetic macular edema
(DME) is the most common cause of vision loss in nonprolif-
erative diabetic retinopathy.44

Diabetic retinopathy
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Table 42.1 Diabetic Retinopathy Severity Scale

Classification Description

Normal No evidence of retinopathy

Nonproliferative
Minimal Microaneurysms only
Mild Microaneurysms plus hard exudates, soft exudates (cotton wool spots), mild retinal hemorrhages,

venous loops
Moderate Microaneurysms plus mild intraretinal microvascular abnormalities (IRMA), moderate retinal

hemorrhages, venous beading
Severe Microaneurysms plus moderate to severe intraretinal microvascular abnormalities (IRMA), severe 

retinal hemorrhages, venous beading

Proliferative
Proliferative New vessels in the retina or on the optic disc
High-risk proliferative Proliferative plus preretinal hemorrhage, fibrous tissue or other high risk characteristics
Advanced diabetic Proliferative plus vitreous hemorrhage, retinal detachment or rubeosis iridis

eye disease

Adapted from the Early Treatment Diabetic Retinopathy Study (ETDRS).22

Figure 42.1 Normal fundus.

Pre-proliferative diabetic retinopathy
As the disease progresses, retinal capillaries become occluded,
leading to retinal ischemia. This stage, known as pre-proliferative
retinopathy, is characterized by the appearance of white–
grayish cotton-wool spots (soft exudates), reflecting the 
accumulation of axoplasmic debris due to ischemia-induced
interruption of axoplasmic transport, and by the presence of
microvascular abnormalities such as venous beading and
loops.22

Proliferative diabetic retinopathy
The hallmark of proliferative retinopathy is retinal and pre-
retinal neovascularization which occurs in response to the
increased retinal ischemia (Figure 42.3).45 Presumably, the
nutrient-starved retina sends out a chemical message to stim-
ulate the growth of new blood vessels (neovascularization).

These vessels often grow on the surface of the retina, at the
optic nerve, or on the iris, and are characterized by increased
fragility. They may penetrate the outlining membrane of the
retina and become adherent, with their accompanying
fibrovascular tissue, to the posterior vitreous. Visual loss in
patients with proliferative retinopathy may be caused by either
vitreous hemorrhage (VH), tractional retinal detachment 
following vitreous contraction, or neovascular glau-
coma.44,46,47 Several growth factors have been shown to be
involved in the process of neovascularization, including vascu-
lar endothelial growth factor (VEGF),48–57 insulin-like growth
factor I (IGF-I),58–65 growth hormone (GH),66–72 pigment-
epithelium-derived factor (PEDF),73–79 placental growth
factor (PGF),80 basic fibroblast growth factor (bFGF),81

hepatocyte growth factor (HGF),82–84 and, recently, also 
erythropoietin (EPO).85–87

Figure 42.2 Nonproliferative diabetic retinopathy.
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Figure 42.3 Proliferative retinopathy, after photocoagulation
treatment.

The Diabetic Retinopathy Study Research Group88 has
identified four risk factors for severe visual loss in diabetic
retinopathy, as shown in Box 42.1. Untreated, affected patients
have a 30 and 50% risk of visual acuity deterioration to less
than 5/200 within 3 and 5 years, respectively.

Treatment of diabetic retinopathy
Several preventative and therapeutic interventions have been
shown to be effective in reducing the morbidity associated
with diabetic retinopathy. Nevertheless, because of the limita-
tions of these interventions, efforts are being made to improve
the understanding of the mechanisms responsible for diabetic
retinopathy. This may lead to the development of new thera-
pies, several of which are currently under clinical trials.

Glycemic control
Preventing diabetic retinopathy from developing is the most
effective approach to preserve vision. The results of the
Diabetes Control and Complications Trial (DCCT)30,89 have
provided clear evidence that intensive glycemic control is
associated with a remarkable reduction in the development
and progression of diabetic retinopathy in patients with Type 1
diabetes. Subsequent studies supported this finding90 and
demonstrated similar beneficial effects in patients with Type 2
diabetes.91–93

Unexpectedly, it was found that some of the patients with
pre-existing retinopathy had a transient worsening of their
retinopathy after the institution of intensive glycemic con-
trol.30,94–97 This deterioration manifested as an increase in soft
exudates and blot hemorrhages, but progression to prolifera-
tive retinopathy was uncommon. Although the reason for this
transient worsening in not clear, possible mechanisms include
reduced plasma volume, or increased levels of growth factors
such IGF-I and VEGF.98–100 Among patients with mild to mod-
erate nonproliferative retinopathy, the long-term benefits of
intensive glycemic control exceed the risk of this transient
worsening. However, in patients with severe nonproliferative
or proliferative retinopathy, photocoagulation may be indi-
cated before intensive glycemic control is initiated.94

Multifactorial risk reduction
Control of hypertension, a risk factor for diabetic retinopathy,
appears to delay the progression of retinopathy in patients
with Type 2 diabetes.16,21,101 High serum lipid levels are associ-
ated with increased risk of hard exudates, macular edema, and
proliferative retinopathy.102,103 Normalization of lipid levels
may reduce this risk.

Antiplatelet agents
The increased platelet aggregation observed in diabetic
patients and the evidence of microthromboses in retinal cap-
illaries38 suggested that treatment with antiplatelet agents may
be beneficial in diabetic retinopathy. However, in the Early
Treatment of Diabetic Retinopathy Study (ETDRS), treatment
with daily aspirin had no effect on the development or pro-
gression of diabetic retinopathy.104,105

Laser photocoagulation
Argon-laser photocoagulation, which was introduced in the
1950s, is the primary treatment for advanced retinopathy.
In the Diabetic Retinopathy Study (DRS), panretinal photoco-
agulation in patients with proliferative retinopathy was associ-
ated with 50% reduction in severe vision loss.88,106,107 In the
ETDRS, the use of panretinal photocoagulation at earlier
stages of retinopathy (mild to moderate nonproliferative
retinopathy) was not found to be beneficial, and was associ-
ated with significant loss of visual acuity and peripheral
vision.108 However, focal photocoagulation in areas of vascular
abnormality was found to be effective in reducing the risk 
of moderate visual loss in cases of macular edema.108

Although the mechanism responsible for the beneficial effect

Box 42.1 High-risk characteristics for severe visual loss from proliferative retinopathy*

1. New vessels on or within one disc diameter of the optic disc and at least one-fourth of the disc area in extent, with or
without pre-retinal or vitreous hemorrhage.

2. Any new vessels on or within one disc diameter of the optic disk, with pre-retinal or vitreous hemorrhage.
3. New vessels anywhere in the retina more than one disc diameter from the optic disk and at least one-half of the disc area in

extent (including the total area of all new vessels in the ocular fundus), with pre-retinal or vitreous hemorrhage.
4. Extensive pre-retinal or vitreous hemorrhage that hides probable new vessels meeting the above criteria.

*The Diabetic Retinopathy Study Research Group. Arch Ophthalmol 1979.
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of panretinal photocoagulation is unclear, it was suggested
that the destruction of hypoxic regions in the peripheral retina
reduces the stimulus for neovascularization.29 Because of the
possible side effects associated with panretinal photocoagula-
tion (loss of peripheral vision and impaired night vision), this
treatment is usually recommended only in cases of high-risk
proliferative retinopathy.108 However, patients with Type 2
diabetes can benefit from laser photocoagulation at earlier
stages of the disease (severe nonproliferative or early-prolifer-
ative retinopathy).108,109

Vitrectomy
Vitrectomy, which includes removal of the vitreous gel and
may be accompanied by removal of fibrous tissue and repair
of retinal detachment, is associated with dramatic improve-
ment of vision in cases of severe vitreous hemorrhage
(VH),110–112 as well as in cases of very severe neovasculariza-
tion with no evidence of VH.113–117

Experimental therapies
Better understanding of the mechanisms and factors involved
in the pathogenesis of diabetic retinopathy (as described ear-
lier) has led to exploration of new drugs directed against these
factors, some of which are currently under clinical trials.
Examples include aldose reductase inhibitors,33,118–120

protein kinase C inhibitors, antioxidants, inhibition of
nonenzymatic glycation of proteins (aminoguanidine),121

VEGF inhibitors,122,123 intraocular gene therapy with the
PEDF gene,124,125 and somatostatin analogues (reduce GH and
IGF-I levels).126

Inhibition of VEGF has been shown to prevent neovascu-
larization in animal models.122,127,128 In a phase 2 clinical trial,
Pegaptanib, a VEGF inhibitor approved by the Food and Drug
Administration (FDA) for the treatment of exudative age-
related macular degeneration, was associated with improved
visual acuity, decreased retinal thickness, and decreased need
for photocoagulation.123

Diabetic retinopathy in pregnancy
Impact of pregnancy on the development and
progression of diabetic retinopathy
Understanding the effect of pregnancy on diabetic retinopathy
is essential for determining the optimal management of preg-
nancies complicated by diabetic retinopathy. However,
whether pregnancy influences the development or progression
of diabetic retinopathy is still unanswered. Several studies
have reported that pregnancy is associated with progression of
retinopathy in 17 to 70% of the cases,129–139 whereas other
studies have failed to support these findings.140–144

Studies supporting a deteriorating effect of pregnancy on
diabetic retinopathy
Moloney et al.131 prospectively followed 53 pregnant women
with Type 1 diabetes every 6 weeks during pregnancy and
until 6 months postpartum. Of the 20 women who had no evi-
dence of retinopathy, eight (40%) developed retinopathy
during pregnancy. Progression of pre-existing retinopathy

during pregnancy was common, with a moderate increase in
the number of microaneurysms, and the appearance of retinal
hemorrhages and soft exudates in 56 and 28% of the cases,
respectively. The risk for the development and progression of
retinopathy was related to the duration of diabetes.

Dibble et al.130 followed 55 pregnant diabetics who were
managed by strict glycemic control. Progression of retinopa-
thy was related the duration of diabetes and the severity of
retinopathy before pregnancy. Thus, progression of retinopa-
thy occurred in 16% (3 of 19) of the women with minimal or
mild nonproliferative retinopathy, compared with 86% (6 of 7)
of the women with untreated pre-existing proliferative
retinopathy. Similarly, in a prospective cohort study of 145
pregnant women with Type 1 diabetes,135 Serup found that
none of the women with White classes B or C (no evidence of
retinopathy) developed persistent retinopathy as a conse-
quence of pregnancy, while deterioration was noticed in 50%
of the women with pre-existing retinopathy. Additional sup-
port to the role of the severity of retinopathy as a risk factor
for progression during pregnancy comes from a retrospective
study of 23 pregnant diabetic women.132 While none of the
women with either no evidence of retinopathy (n = 10) or
nonproliferative retinopathy (n = 8) experienced progression
of retinopathy during pregnancy, four of the five women with
proliferative retinopathy required photocoagulation during
pregnancy due to progression of retinopathy.

In a prospective study of 234 intensively treated pregnant
diabetics,129 Jervell et al. reported that the development or
progression retinopathy occurred in 68 women (29%).
Nevertheless, progression was rarely associated with loss of
visual acuity.

In order to quantify the effect of pregnancy on diabetic
retinopathy, Soubrane et al. followed 22 pregnant diabetics
using serial fluorescein angiography examinations.133 The
mean number of microaneurysms increased from 42.7 before
pregnancy to 56.7 at the 28th week and to 79.7 at the 35th
week. This number decreased to 62.7 and 60.3 at 6 and 
15 months postpartum, respectively. Similarly, Hellstedt 
et al.139 followed the number of microaneurysms in 21 dia-
betic women with mild retinopathy. Microaneurysms were
assessed during pregnancy and at 3 and 6 months postpartum
using red-free photographs. The number of microaneurysms
increased progressively during pregnancy and peaked at 
3 months postpartum. This increase was related to degree of
improvement in glycemic control.

Phelps et al.134 prospectively studied 35 pregnant women
with Type 1 diabetes under tight glycemic control. Progression
of nonproliferative retinopathy, noticed in 55% of the women,
correlated with the levels of plasma glucose at entry, and with
the magnitude of improvement in glycemic control.

Klein et al.136 assessed the effect of pregnancy on diabetic
retinopathy using a control group of nonpregnant Type 1 dia-
betic women. In addition to poor glycemic control, pregnancy
per se was a significant and independent risk factor for pro-
gression of retinopathy.

Rosenn et al.137 reported a progression rate of 33% in a
prospective study of 154 pregnant women with Type 1 dia-
betes. They have found that hypertension, either chronic or
pregnancy-induced, was a significant and independent risk
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factor for progression of retinopathy. Level of glycemic control
and improved glycemic control in early pregnancy were also
associated with progression of retinopathy.

In the Diabetes in Early Pregnancy Study (DIEPS),138 the
risk of progression was strongly correlated with the severity of
retinopathy before pregnancy. Thus, progression of more than
two steps was noted in 10.3, 21.1, 18.8, and 54.8% of the
women with no retinopathy, minimal (microaneurysms only),
mild, and moderate-to-severe retinopathy at baseline, respec-
tively. Progression to proliferative retinopathy was observed in
6.3 and 29% of the women with mild and moderate-to-severe
retinopathy, respectively. Other factors associated with pro-
gression of retinopathy included elevated baseline glycosy-
lated hemoglobin and the magnitude of improvement of
glycemic control in early pregnancy.

In another prospective study,8 65 diabetic women were fol-
lowed during pregnancy and 12 months postpartum. While
the overall progression rate was 77.5%, only 26% of the
women with no retinopathy at baseline had evidence of
retinopathy during pregnancy. Duration of diabetes, poor
glycemic control, anemia, and elevated systolic blood pressure
were also risk factors for progression of retinopathy.

Lovestam-Adrian et al.142 retrospectively compared a group
of 65 pregnant women with Type 1 diabetes with a matched
group of nonpregnant women. They have found pre-eclamp-
sia to be a potent independent risk factor for progression of
retinopathy.

Studies not supporting a significant effect of pregnancy
on progression of retinopathy
There are several studies that failed to demonstrate a signifi-
cant effect of pregnancy on the natural history of diabetic
retinopathy. In another group of studies, although retinopathy
progressed during pregnancy, complete or partial regression
was observed after delivery.

Stephens et al.140 found the rate of development of
retinopathy during pregnancy to be as low as 2%. Horvat 
et al.,141 in a prospective study extending over 12 years,
followed 172 diabetic women during pregnancy. Of the 
40 women with nonproliferative retinopathy, only four (10%)
progressed to proliferative retinopathy. They have found
retinopathy to fluctuate during pregnancies, with simultane-
ous progression and regression of retinopathy in different
parts of the same eye. Their conclusion was that pregnancy is
not associated with an increased risk for progression of
retinopathy and visual loss.

In a retrospective study,142 the progression of retinopathy
in 65 pregnant women with Type 1 diabetes was compared 
to a matched control group of 56 nonpregnant Type 1 dia-
betic women. The rate of sight-threatening deterioration 
of retinopathy was similar for the two groups (13%, 11%,
respectively).

Temple et al. prospectively studied 179 pregnancies of
Type 1 diabetic women.144 The overall rate of progression 
of retinopathy during pregnancy was only 5%, and the rate of
progression to proliferative retinopathy necessitating laser
therapy was 2.2%.

In the Diabetes Control and Complications Trial
(DCCT),143 although pregnancy was associated with a greater

risk for worsening of retinopathy, this worsening was tran-
sient, and the long-term risk for progression of retinopathy
does not appear to be increased by pregnancy.

Some of the studies cited earlier have reported partial or
complete regression of the pregnancy-related worsening of
retinopathy. Moloney et al.131 reported that by 6 months post-
partum, the nonproliferative changes had regressed to control
levels, and neovascularization showed some regression.
Similarly, Serup et al.135 reported that postpartum regression
was common and that proliferative changes that developed
during pregnancy disappeared spontaneously after delivery in
most of the cases. For this reason, the authors recommended
that treatment with photocoagulation during pregnancy and
in the early postpartum period should be restricted. In the
study of Rosenn et al.,137 postpartum regression was observed
in 13 of the 51 women (25%) in whom progression of
retinopathy occurred during pregnancy.

Suggested mechanism
Several mechanisms have been suggested by which pregnancy
may lead to progression of retinopathy. Pregnancy is associ-
ated with a dramatic change in the hormonal milieu. Human
placental lactogen (hPL) is produced in enormous amounts by
the placenta, reaching a production rate of about 1 g/day at
term. Due to its growth hormone-like activity, hPL may play
an important role in the effect of pregnancy on diabetic
retinopathy, as mentioned earlier.66,67,69 The vascular changes
induced by the elevated levels of estrogen and progesterone
during pregnancy may also contribute to progression of
retinopathy.

Pregnancy is also associated with marked physiological
changes. The pregnancy-induced increase in cardiac output
may lead to increased retinal blood flow, which could damage
diabetic vessels. Chen et al.studied the changes in retinal blood
flow (RBF) during pregnancy in diabetic and nondiabetic
women using laser Doppler velocimetry.145 Among the dia-
betic women, only those whose retinopathy progressed had a
significant increase in RBF during pregnancy. However, as
these patients also had worse glycemic control (higher glyco-
sylated hemoglobin levels prior to and throughout preg-
nancy), it is not clear if the deterioration can be attributed to
the increase in retinal blood flow alone.

As mentioned earlier, hypertension is a risk factor for the
progression of diabetic retinopathy.11,14,16,20,21,137 Hypertensive
disorders are common in diabetic pregnancies, complicating
up to 40% of pregnancies in Type 1 diabetic women.146 Thus,
hypertension may contribute to the progression of retinopa-
thy during pregnancy.

Another possible mechanism is the improved glycemic
control achieved by most of the diabetic women before or at
the onset of pregnancy. As discussed earlier, rapid normaliza-
tion of blood glucose is associated with progression of
retinopathy both in nonpregnant94–97 and pregnant134,137–139

patients.

Summary
In summary, it appears that pregnancy is associated with pro-
gression of diabetic retinopathy, and that the risk for progres-
sion is related the factors presented in Table 42.2. One major
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drawback of many of thee studies presented above is the lack
of a matched control group of nonpregnant diabetic women.
The progression of retinopathy during pregnancy may be the
result of the normal hormonal and physiological changes
during pregnancy, as well as the improved glycemic control
and high rate of hypertensive disorders observed in diabetic
pregnancies. Nevertheless, these changes may regress postpar-
tum, especially in cases of nonproliferative retinopathy, and
may not affect the long-term progression of retinopathy.143

Diabetic retinopathy and perinatal outcome
Several investigators have addressed the issue of a possible
relationship between diabetic retinopathy and perinatal out-
come. Moloney et al.131 noted that maternal retinal hemor-
rhages or neovascularization were associated with increased
infant morbidity. McElvy et al.147 performed a prospective
study of 205 pregnant women with Type 1 diabetes.
Development or progression of retinopathy during pregnancy
was significantly associated with reduced fetal growth, mani-
fested by lower mean birthweight and a higher rate of small
for gestational age (SGA) and low birthweight (LBW) infants.
There was no correlation between progression of retinopathy
and gestational age at delivery, preterm delivery, respiratory
distress syndrome, neonatal hypoglycemia, or neonatal death.

Klein et al.148 reported adverse perinatal outcome in 33 of
179 diabetic pregnancies. Severity of retinopathy was the only
variable that significantly predicted adverse perinatal out-
come.

Lauszus et al.149 reviewed the records of 26 diabetic preg-
nancies with pre-existing proliferative retinopathy.
Proliferative retinopathy was associated with increased
preterm delivery rate (27%) and serious neonatal morbidity.

Management of diabetic retinopathy during pregnancy
As discussed earlier, diabetic retinopathy can worsen during
pregnancy. Thus, patients with diabetic retinopathy should
undergo preconception counseling and follow-up during
pregnancy by a multidisciplinary team that includes a 

perinatologist, endocrinologist, and ophthalmologist that are
experienced in the management of diabetic retinopathy.

Preconception counseling
Patients with diabetes who are planning to become pregnant
should be given a thorough explanation on the risk of devel-
opment or progression of diabetic retinopathy during preg-
nancy, and the importance of glycemic control throughout
pregnancy. Patients with high-risk characteristics (longstand-
ing diabetes, severe retinopathy, coexisting hypertension,
poor glycemic control) should be identified and followed
appropriately.

A comprehensive eye examination prior to conception
should be performed by an ophthalmologist experienced in
the care of diabetic retinopathy. This examination carries great
importance since it determines the risk for progression of
retinopathy, the frequency of follow-up visits during preg-
nancy, as well as the need for laser photocoagulation prior to
conception.

Glycemic control should be achieved prior to conception in
order to reduce the risk of progression of retinopathy, as 
well as to avoid the adverse maternal and fetal outcome asso-
ciated with poorly controlled diabetes during pregnancy. One
goal is to achieve a glycosylated hemoglobin level of less than
6 standard deviations above normal prior to conception.138

In the presence of proliferative or severe nonproliferative
retinopathy, normalization of blood glucose levels should be
achieved gradually over a period of weeks to months in order
to avoid progression of retinopathy that may result form 
rapid normalization. However, in patients presenting after
conception, blood glucose should be normalized as soon as
possible, since the benefits of good glycemic control in early
pregnancy far outweigh the risk of transient progression of
retinopathy. Other risk factors, such as uncontrolled chronic
hypertension, should be followed and treated adequately prior
to conception.

One question that needs to be answered is the role of laser
photocoagulation prior to conception. As discussed earlier, the
ETDRS have found that in Type 1 diabetes, panretinal photo-
coagulation is beneficial mainly in cases of high-risk prolifer-
ative retinopathy and clinically significant macular edema.
However, it is recommended that in cases of impending preg-
nancy, during which rapid progression of retinopathy may
occur, photocoagulation should be instituted at earlier stages,
as in cases of severe nonproliferative or early proliferative
retinopathy.108,109 In one study of women with proliferative
retinopathy, treatment with laser photocoagulation before
conception was associated with significant progression of
retinopathy in 26% of the women, compared with 58% when
treatment was initiated in early pregnancy.150

Antenatal follow-up
The frequency of eye examinations during pregnancy depends
on the severity of retinopathy prior to conception, evidence of
progression of retinopathy, glycemic control, duration of
diabetes, and the presence of other risk factors such as hyper-
tension. Thus, patients with no or minimal retinopathy should 
be evaluated in the first and third trimesters. Patients with
mild to moderate retinopathy should undergo evaluation 

Table 42.2 Risk factors for progression of retinopathy
during pregnancy

Risk factor References

Non-modifiable
Duration of diabetes 8, 130, 131
Severity of retinopathy before 130, 135, 138

conception
Poor glycemic control before 8, 134, 137, 138

conception
Modifiable

Chronic or pregnancy induced 8, 137, 142
hypertension

Rapid normalization of blood 134, 137, 138, 139
glucose values

Anemia 8
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each trimester. In cases of severe nonproliferative or 
proliferative retinopathy, when there is evidence of progres-
sion of retinopathy, and in patients with poor glycemic con-
trol or hypertension, follow up may be needed every 2 to 4
weeks. 136,138,143,151,152

Fluorescein angiography is a sensitive tool to assess the
extent of capillary nonperfusion and early neovascularization,
and may aid in guiding treatment of macular edema, although
ophthalmoscopic examination is satisfactory in most of the
cases for the diagnosis of proliferative retinopathy. In addi-
tion, although detrimental effects of fluorescein dye on the
fetus have not been documented,153 fluorescein does cross the
placenta into the fetal circulation. Thus, fluorescein angiogra-
phy during pregnancy is generally not indicated.

Laser photocoagulation during pregnancy
The use of laser photocoagulation during pregnancy is con-
troversial. In general, the indications for treatment and the
response to laser photocoagulation are the same as for non-
pregnant women.154,155 As described above, several studies
reported that postpartum regression of the pregnancy-
induced progression of retinopathy is common,131,135 and the
authors recommended that treatment with photocoagulation
during pregnancy and in the early postpartum period should
be restricted. In contrast, others believe that because the pro-
gression of retinopathy during pregnancy can be at times
rapid and aggressive, treatment with laser photocoagulation
should be applied during pregnancy and after delivery when
indicated.130,156,157 Thus, the decision whether to treat should
be made on an individual basis, taking into account the sever-
ity of retinopathy, evidence of progression, lack of glycemic
control, the presence of additional risk factors, and, on the
other hand, the risks and side effects associated with laser pho-
tocoagulation.

According to the ETDRS,158 in patients with diabetic mac-
ular edema, focal photocoagulation should be performed
during pregnancy, because spontaneous regression rarely
occurs after delivery. If the edema does not respond well to
photocoagulation, hospitalization is required, with diuretic
treatment and occasionally steroids.159

Insulin analogues during pregnancy and diabetic
retinopathy
In addition to its metabolic effects that are mediated by the
insulin receptor, insulin also has a mitogenic effect, currently
thought to be mediated by the IGF-I receptor. The possible
role of IGF-I in the pathogeneses of diabetic retinopathy (dis-
cussed earlier) and the change in the relative affinity of the
insulin analogues toward the IGF-I receptor have raised con-
cerns regarding the effect of these analogues on diabetic
retinopathy. Insulin lispro has a 1.5-fold higher affinity toward
the IGF-I receptor compared with human insulin, and the ini-
tial suggestion that insulin lispro may worsen retinopathy was
made by Kitzmiller et al.160 In this study, of the ten patients
who were treated with insulin lispro and had no evidence of
retinopathy prior to conception, three developed bilateral pro-
liferative changes, and two developed vitreous hemorrhage
during pregnancy. However, these patients had poor glycemic
control at baseline and experienced significant improvement

in glycemic control during pregnancy, two major risk factors
that may be responsible for the progression of retinopathy in
these cases. Subsequent studies did not support an effect of
insulin lispro on retinopathy.161–164 Insulin aspart is similar to
insulin lispro in many aspects, although its affinity to the IGF-
I receptor is the same as human insulin.165 There is only little
data on insulin aspart in pregnancy, and currently it remains a
category C medication for pregnancy.161 The results of multi-
centric study now in progress on the efficacy and safety of
insulin aspart in Type 1 pregnant diabetic patients will pro-
vide important information on the safety of insulin aspart
during pregnancy.166 Insulin glargine has a higher affinity to
IGF-I receptor and a greater mitogenic activity compared with
human insulin (6.5-fold and 8-fold, respectively),165 which
raised concerns on its effects diabetic retinopathy. Two ran-
domized trials demonstrated an increased risk of progression
of retinopathy167 and a higher incidence of new onset macular
edema.168 However, there was lack of consistency between the
methods of assessment, and a subsequent prospective ran-
domized studies did not support this observations. A large 
5-year randomized multicenter study is in progress.161 For the
moment, the use of insulin glargine during pregnancy is not
recommended. The affinity of insulin detemir to IGF-I recep-
tor is 5-fold lower than human insulin, and its mitogenic
activity is reduced by 10-fold.165 There are no data on the use
of insulin detemir in pregnancy.

Delivery
Earlier studies recommended early delivery, as soon as lung
maturation was achieved, in pregnancies complicated by
retinopathy and other vascular diseases. However, more recent
research has shown that a well-controlled diabetic pregnancy
can be allowed to continue to term in order to avoid iatrogenic
prematurity, the risk of amniocentesis, failed induction of
labor due to unfavorable cervix, and unnecessary Cesarean
section.169

The Valsalva maneuver during labor might induce vitreous
hemorrhage from active neovascularization.170,171 The role of
elective Cesarean section in these cases is controversial. The
mode of delivery should be discussed in advance between
patient and obstetrician. A summary of recommendations for
management is presented in Figure 42.4.

Summary
Diabetic retinopathy is the most common chronic complica-
tion of diabetes mellitus, and it is estimated that 20–30% of
diabetic women in the reproductive age group has some evi-
dence of retinopathy.

The purpose of this chapter was to review the current liter-
ature on the effects of pregnancy on diabetic retinopathy, and
to provide guidelines for the management of pregnancies
complicated by diabetic retinopathy.

It appears that pregnancy is associated with progression of
diabetic retinopathy, especially in women with the risk 
factors presented in Table 42.2, although these changes may
regress postpartum, especially in cases of nonproliferative
retinopathy, and may not affect the long-term progression of
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retinopathy. In addition, the presence of diabetic retinopathy
is associated with adverse pregnancy outcome, including fetal
growth restriction, and preterm delivery.

Patients with diabetic retinopathy should undergo precon-
ception counseling and follow-up during pregnancy by a mul-
tidisciplinary team as summarized in Figure 42.4. It is now
clear that White’s advice in 1971 to terminate pregnancies in

diabetic patients with progressive proliferative retinopathy is
no longer valid,172 and that with careful professional care, a
favorable pregnancy outcome can usually be expected with
minimal or no deterioration in ophthalmologic status. On-
going trials may provide better answers regarding the use of
laser photocoagulation and the safety of insulin analogues
during pregnancy.

Summary 325

• Patient education - explanation on the risk of development or progression of diabetic retinopathy
 during pregnancy, and the importance of glycemic control during pregnancy.

• Risk stratification –identification of patients with high-risk characteristics

• Comprehensive eye examination

• Improve of glycemic control – should be achieved gradually, especially in patients with advanced
 retinopathy.

• Control of co-existing hypertension 

• Laser photocoagulation should be considered in patients with severe non-proliferative or
 proliferative retinopathy 

• Multidisciplinary team - perinatologist, endocrinologist and ophthalmologist that are
 experienced in the management of diabetic retinopathy. 

• Frequency of eye examinations:

No – minimal retinopathy 1st, 3rd trimesters 

Mild – moderate retinopathy 1st, 2nd, 3rd trimesters 

Severe NPDR, PDR 
Evidence of progression Every 2-4 weeks 
Poor glycemic control
Other risk factors

• Fluorescein angiography is usually avoided during pregnancy 

• Laser photocoagulation – Because postpartum regression is common, laser photocoagulation
 should be considered in cases severe non-proliferative or proliferative retinopathy on an individual
 basis considering the severity of retinopathy, evidence of progression, lack of glycemic control,
 and the presence of additional risk factors.

• Macular edema should be treated with focal laser photocoagulation, diuretics, or steroids. 

• There is no need for labor induction in women with good glycemic control. 

• In cases of high-risk proliferative retinopathy, elective cesarean section or shortening of the
 second stage should be considered due to the risk of vitreous hemorrhage.

Antenatal Care

Delivery

Preconception Counseling

Figure 42.4 Recommendations for the management of pregnancies complicated by diabetic retinopathy.
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Introduction
Twenty years ago the general medical opinion was against
pregnancy in women with diabetic nephropathy and diabetic
nephropathy was a contraindication to pregnancy in many
centers. With new technology, the widespread use of antihy-
pertensive treatment and increasing experience, maternal 
and perinatal mortality and morbidity rates in pregnancies
complicated by diabetic nephropathy have declined substan-
tially during the last decade. Successful pregnancy outcome
with fetal survival rates of up to 95% are now achievable in
diabetic women with diabetic nephropathy and a living fetus
in first trimester.1–3 But even with the best care maternal and
perinatal complications in women with diabetic nephropathy
are consistently more frequent than in diabetic women with
normal urinary albumin excretion at conception. Furthermore
the question regarding the possible short-term and long-term
effects on maternal morbidity and mortality must be borne 
in mind.

Pathophysiology and treatment of
diabetic nephropathy
Diabetic nephropathy is a progressive disease that affects
approximately 30% of patients with diabetes and it is the most
common cause of end stage renal disease in USA. The first
clinical sign is increased excretion of albumin in the urine, so
called microalbuminuria in the range 30–300 mg/24 h, corre-
sponding to a spot urine albumine to creatinine ratio of
30 mg/µg. Untreated microalbuminuria progresses to overt
diabetic nephropathy characterised by persistent proteinuria,
hypertension and a relentless decline in glomerular filtration
rate.4 Histological changes in the glomeruli with increased
basal membrane thickness and glomerulosclerosis are charac-
teristics, but universal leakage of albumin over the endothe-
lium in the whole body is also present. Progression to end
stage renal disease occurs with a median duration of 7 years
after onset of diabetic nephropathy, if let untreated. The intro-
duction of inhibition of the renin–angiotensin system in 

combination with other antihypertensive has improved the
poor prognosis considerably. Progression of manifest diabetic
nephropathy can be slowed down by strict antihypertensive
treatment with angiotensin converting enzyme (ACE)
inhibitors or angiotensin II receptor blockers as first line
drugs. It is often necessary to combine the treatment with
diuretics, beta-blockers and/or calcium antagonists in order to
control the blood pressure and the albumin excretion suffi-
ciently. Strict antihypertensive treament in patients with dia-
betic nephropathy results in preservation of kidney function
documented by a reduction in the decline in glomerular filtra-
tion rate to less than one-third of the decline in untreated
patients.4 Inhibition of the rennin angiotensin system with i.e.
ACE inhibitors already at the stage of microalbuminuria prior
to development of hypertension is also demonstrated effect-
full in delaying the progression of the disease and might even
reduce the albumin excretion to normal values.5–7 The aim for
the treatment includes blood pressure <130/80 mmHg and
albumin excretion as near to normal as possible. In addition to
antihypertensive treatment many women with microalbumin-
uria or diabetic nephropathy are treated with low dose aspirin
and statins to reduce the risk of macrovascular complications
such as stroke and acute myocardial infarction.

Effects of pregnancy on diabetic
nephropathy
Few studies have examined the long-term effect of pregnancy
on renal function in women with diabetic nephropathy after
strict antihypertensive treatment has been widely used and
improved the survivial. The most recent is a case–control
study including 26 pregnant women with diabetic nephropa-
thy and normal serum creatinine followed for up to 13 years
and the decline in kidney function was compared to women
with diabetic nephropathy who did not became pregnant in
the study period.8 The women were offered strict antihyper-
tensive treatment as routine treatment.during the whole study
period. They found that in women with serum creatinine
within the normal range, pregnancy did not accelerate the
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decline in kidney function or impair the long-term survival of
the mother.8 However, in women with a reduced creatinine
clearance reports suggest that there is an increased risk of
deterioration of kidney function during pregnancy.9,10 The
long-term survival of a mother with diabetic nephropathy has
improved considerably in recent years, but the chance for the
mother of being alive with normal vision and free of renal
replacement therapy when the child grows up, is still reported
to be reduced.8

Effect of diabetic nephropathy on
pregnancy outcome
The presence of diabetic nephropathy significantly affects the
outcome of pregnancy, primarily due to three reasons: (1) the
increased risk of maternal hypertensive complications; (2) the
increased risk of preterm delivery due to deteriorating mater-
nal blood pressure and pre-eclampsia; and (3) the increased
risk of intrauterine fetal growth restriction and fetal distress
caused by placental dysfunction. Severe malformations have
been described with a slightly higher prevalence in women
with diabetic nephropathy compared to diabetic women with
normal kidney function. However, this is most likely due to
the poorer metabolic control early in pregnancy often found
in these women.

The risk of perinatal mortality in pregnancies complicated
by diabetic nephropathy is now close to that of women with
Type 1 diabetes without diabetic nephropathy.1–3 The rate of
pre-eclampsia in women with diabetic nephropathy is high
53–64%1,2,3,11 especially when reduced kidney function,12

hypertension at onset of pregnancy or severe nephrotic pro-
teinuria is present.2,3 Moreover, also women with Type 1 dia-
betes and microalbuminuria have increased risk of developing
pre-eclampsia compared to women with Type 1 diabetes and
normal urinary albumin excretion.12 Pre-eclampsia often
leads to preterm delivery11 and preterm delivery before week
34 has been reported in up to 45% of the cases.11,13 Severe
handicap of the children born to mothers with diabetic
nephropathy has been described. In a follow-up of 35 children
born between 1982 and 1992, the majority were normally
developed but seven (20%) had psychomotor retardation
when examined at a mean age of 4.5 years.13 The risk of
neuro-developmental problems was highest in children born
preterm weighing less than 2000 g. The pathogenesis of pre-
eclampsia and preterm delivery in women with diabetic
nephropathy is sparsely investigated, but universal endothelial
damage seems to be of importance.14

Treatment of women with diabetic
nephropathy during pregnancy
Strict metabolic control during pregnancy is of utmost impor-
tance but may be difficult because women with Type 1 dia-
betes and diabetic nephropathy often have an increased risk 
of severe hypoglycaemia. Close surveillance of blood pressure
and urinary albumin excretion is central while 24 h ambulatory

blood pressure recording has not been shown to be of benefit
in the care of these women.15 Early onset and strict antihyper-
tensive treatment as in the nonpregnant state might improve
the outcome. In patients with microalbuminuria introduction
of early onset antihypertensive treatment with methyldopa 
in normotensive pregnant women with Type 1 diabetes and
microalbuminuria resulted in a significant reduction in
preterm delivery before gestational week 34.16 Furthermore,
early onset and strict antihypertensive treatment in women
with diabetic nephropathy most likely also reduce the severity
of pre-eclampsia end preterm delivery. Our center recom-
mends initiating antihypertensive treatment in pregnant
women with diabetes and elevated urinary albumin excretion
at one of the following clinical indications: blood pressure
exceeding 135/85; a doubling of urinary albumin excretion; or
urinary albumin excretion exceeding 300 mg/24 h.16 ACE
inhibitors or angiotensin receptor blockers used before preg-
nancy should be changed to other antihypertensive treatment,
e.g. methyldopa unless urinary albumin excretion is within
the normal range or very low in the microalbuminuric range,
where the women can be observed without antihypertensive
treatment. It is often necessary to use a combination of differ-
ent antihypertensive drugs in order to control blood pressure
and albumin excretion. Methyldopa, beta blockers (labetalol),
calcium antagonists (nifedipine and diltiazem) are often
used.16,17 Like Kimmerle et al.13 we have the clinical experience
that women with diabetic nephropathy receiving early onset
intensive antihypertensive treatment have a better pregnancy
outcome compared to women initiating antihypertensive
treatment late in pregnancy. In late pregnancy close obstetri-
cal surveillance is important to diagnose complications, pre-
vent stillbirths and plan the time of delivery. In other high risk
groups for developing pre-eclampsia treatment with low dose
aspirin might have some preventive effect. Theoretically low
dose aspirin treatment therefore could of benefit in women
with diabetic nephropathy. Thus we use low dose aspirin treat-
ment in these women although this is not documented by ran-
domized controlled trials.

Counseling women with diabetic
nephropathy
Careful counseling of the woman and her partner of the risk
for herself and the newborn is important before the couple
can take a well-considered decision regarding pregnancy. An
updated diabetes status including hemoglobin A1c, risk of
hypoglycemia, degree of retinopathy, serum creatinine, blood
pressure, and proteinuria is necessary to estimate the risk for
complications during pregnancy. The number of antihyper-
tensive drugs to control the blood pressure sufficiently prior to
pregnancy is also of importance, since there has to be room for
further intensification of antihypertensive treatment in late
pregnancy, if necessary.

Pre-pregnancy treatment with ACE inhibitors combined
with strict metabolic control for at least 6 month resulting in
low levels of albumin excretion has been found to be associated
with a high rate of successful pregnancy outcome.3 In this study
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ACE inhibition was discontinued immediately after the positive
pregnancy test and only four out of 24 women delivered
preterm. Severe handicap or late infant death was seen in two
cases.3 However, treatment with ACE inhibitors in early preg-
nancy has recently been shown to be associated with increased
risk of congenital malformations.18 Furthermore ACE inhibi-
tion during the last part of pregnancy is associated with abnor-
mal fetal renal development and neonatal renal failure.19

Treatment with ACE inhibitors or angiotensin II blockers
should therefore in general be stopped prior to conception.18,19

It is often wise to change to other types of antihypertensive
treatment that is regarded safe in pregnancy i.e. methyldopa,
beta blockers such as labetalol or calcium antagonists. Although
the use of diuretics throughout pregnancy is controversial20 we
have good clinical experience with continuation of an ongoing
diuretic treatment in stable doses during pregnancy in these
women.16 Statin treatment is associated with malformations
and should be discontinued prior to pregnancy.21 Low-dose
aspirin treatment might prevent pre-eclampsia and can be con-
tinued or initiated after organogenesis.

Besides the kidney function, focus on retinopathy is very
important in these women since severe diabetic retinopathy is
prevalent in this group of patients. Laser treatment for dia-
betic retinopathy should be performed to stabilize the
retinopathy prior to pregnancy, when requested.

Hope for the future
Strict metabolic control combined with ACE inhibition prior
to pregnancy and with early onset intensive antihypertensive
treatment during pregnancy, possibly in combination with
low dose aspirin, might improve the pregnancy outcome in
women with diabetic nephropathy further (Box 43.1).

Box 43.1 Facts regarding pregnancy in diabetic
nephropathy

● A take-home baby rate of 95% in women with diabetic 
nephropathy

● Pregnancy does not deteriorate kidney function in
women with diabetic nephropathy and normal serum
creatinine

● Hypertensive complications in pregnancy and preterm
delivery is prevalent

● ACE inhibition prior to pregnancy and early antihyper-
tensive treatment in pregnancy seems to reduce the risk
of pregnancy complications

● ACE inhibition, angiotensin II blockers or statins should
not be used during pregnancy

● Careful counseling of women with diabetic nephropathy
prior to pregnancy is important
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Introduction
Diabetic ketoacidosis (DKA) is a serious metabolic complica-
tion of diabetes with high mortality if undetected. Its occur-
rence in pregnancy compromises both the fetus and the
mother profoundly. Although predictably more common in
patients with Type 1 diabetes, it has been recognized in those
with Type 2 diabetes as well as gestational diabetes.

DKA is characterized by accelerated gluconeogenesis and
ketogenesis. It occurs most often in the presence of predispos-
ing factors such as insulin deficiency (absolute or relative),
excess counter-regulatory hormones, fasting and dehydration;
infection is a common catalyst.

The principles of management include rehydration, insulin
therapy, electrolyte replacement, and identification and treat-
ment of the underlying cause. DKA in pregnancy is an acute
metabolic situation, jeopardizing both maternal and fetal
well-being. DKA affects 1–3% of pregnancies complicated
with diabetes, and is rare in women with previously undiag-
nosed diabetes.

DKA in pregnancy warrants assessment of fetal well-being
during management of the mother. The pathophysiology,
effect on the fetus, and management of DKA in pregnancy are
discussed in detail in this chapter.

Prevalence, precipitating factors 
and prognosis
DKA during pregnancy occurs more often in women with
insulin-dependent diabetes mellitus (IDDM) than in women
with Type 2 or gestational diabetes mellitus (GDM).1 As the
majority of studies on DKA during pregnancy have been done
on samples of <30 patients, the actual prevalence has to be
extrapolated from that data. According to the National
Diabetes Data Group, the incidence of DKA in nonpregnant
diabetics indicates an annual incidence of 3–8 episodes/1000
diabetic patients.2 However, pregnant diabetic women are at
greater risk of DKA than nonpregnant diabetic women.3 DKA
usually appears in the second and third trimesters, when there
is an increase in insulin resistance,4 and it is more frequent in
undiagnosed new-onset diabetic gravida. The rate of maternal

mortality secondary to diabetes has fallen remarkably from 
50 to 60% in the pre-insulin era to <1% today.4 The maternal
mortality rate secondary to DKA is not well established, owing
to the relatively low prevalence of DKA, but most likely ranges
from 5 to 15%.4,5 Gabbe et al.4 reported seven maternal deaths
among 24 cases of metabolic complications during pregnancy,
four of which were related to DKA. Fetal mortality has also
decreased markedly since the introduction of the routine use
of insulin, although it is still excessively high, ranging from 
30 to 90%.6,7 Montoro et al.8 reported a fetal death rate of
35% in 20 pregnant women with Type 1 diabetes and DKA 
on admission; however, once therapy was begun, none of
the remaining 13 women sustained fetal loss. Kilvert et al.9

reported only one fetal loss in seven cases of DKA occurring
after the first trimester. In a study of 26 pregnant women with
brittle diabetes (i.e. recurrent DKA episodes and frequent hos-
pitalizations) and 27 pregnant women with stable disease,
Kent et al.10 noted 15 (54%) live births, 10 (48%) spontaneous
abortions and one (5%) stillbirth in the first group, compared
to 25 (95%) live births and no stillbirths in the second group.
Confidential inquiries into maternal deaths in the UK for the
period between 1979 and 1990 revealed 10 diabetes related
deaths, of which three were due to diabetic ketoacidosis.11

Increased insulin requirements and accelerated ketosis
imposed by pregnancy predisposes the pregnant diabetic
patient to an increased risk of DKA. Several factors predis-
pose pregnant diabetic women to ketoacidosis: accelerated
starvation, dehydration secondary to emesis, lowered buffer-
ing capacity (respiratory alkalosis of pregnancy), increased
insulin resistance and stress. Box 44.1 summarizes the precip-
itating factors for the development of DKA in diabetic 
pregnancies.

Rodgers and Rodgers12 reviewed these clinical variables and
found that emesis and the use of beta-sympathomimetic
drugs were etiologic in 57% of cases, and patient non-compli-
ance and physician management errors were etiologic in 24%
of cases and contributory in 16% of cases. Thirty percent of
the patients with emesis on admission had a pre-pregnancy
history of diabetic gastroenteropathy, thus identifying this
group as being at particularly high risk for DKA. This finding
emphasizes the importance of patient education and early ini-
tiation of treatment in pregnant diabetic patients with emesis.
Using tocolytic agents such as beta-adrenergic drugs and
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steroids for fetal lung maturation should be approached 
cautiously.

Smoking has been demonstrated to have ketogenic effect
(increased production of 3-hydroxybutyric acid) in diabetic women
that has not been reproducible in healthy pregnant controls.13

Pathogenesis
DKA can result from either a relative or an absolute lack 
of insulin in the presence of glucose counter-regulatory hormones,

resulting in an overproduction of glucose and ketones in 
the liver, with release of free fatty acids from adipose tissue
(Figure 44.1).

Pregnancy by itself is a state of insulin resistance. Insulin
sensitivity has been demonstrated to fall by as much as 56%
through 36 weeks of gestation.14 The production of insulin
antagonistic hormones like human placental lactogen, pro-
lactin, and cortisol, all contribute to this. The insulin require-
ment, for this reason, progressively rises during pregnancy
explaining the higher incidence of diabetic ketoacidosis in the
second and third trimesters. In addition the physiological rise
in progesterone with pregnancy decreases gastrointestinal
motility that contributes to an increase in the absorption of
carbohydrates thereby promoting hyperglycemia.

Glucagon seems to be the primary insulin antagonist in the
development of DKA; Gerich et al.15 demonstrated that in
patients with Type 1 diabetes acute withdrawal of insulin and
suppression of glucagon secretion by somatostatin prevented the
development of ketoacidosis, whereas in the control group
ketoacidosis occurred. These findings indicate that it is not only
the lack of insulin that leads to fulminant diabetic ketoacidosis
but that glucagon, by means of its gluconeogenic, ketogenic and
lipolytic actions, is a prerequisite for its development. Support
for this has been provided by studies in pancreatomized humans
with low insulin levels, in whom glucose levels rise only slightly
in direct correlation with blood glucose and glucagon levels.16
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Box 44.1 Precipitating factors for the development
of DKA in diabetic pregnancies

● Infection
● Acute illness
● Emesis
● Endocrine disorders (hyperthyroidism,

pheochromocytoma)
● Failure to take insulin (noncompliance)
● Insulin pump failure
● Medications (steroids, adrenergic agonists)
● Physician management errors
● Smoking

Pregnancy
induced

insulin resistance

Precipitating
factors

(Maternal) insulin deficiency

Relative/ 
absolute

Depletion in
bicarbonate

Metabolic
acidosis

Osmotic
diuresis

Hyperglycemia

DKA

Gluconeogenesis

Glucosuria

Urinary water and
electrolytes loss

Insulin↓
Glucagon↑

Growth hormone
Cortisol↑

Catecholamines↑

Lipolysis
Formation of

β -hydroxybutyrate
and 

Acetoacetate

electrolyte
imbalance

Dehydration

PRL↑
HPL↑

Figure 44.1 Pathogenesis and biochemical changes of diabetic ketoacidosis.
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Other glucose counter-regulatory hormones include cate-
cholamines, growth hormone and cortisol. In advancing 
gestation, human placental lactogen and prolactin also play a
role, and have been incriminated in the pathogenesis of DKA.
Owing the relative lack of insulin, increased levels of cate-
cholamines and cortisol (due to stress and dehydration) result
in significantly increased lipolysis in the adipose tissue and
delivery of free fatty acids to the liver. Beta-oxidation of these
fatty acids leads to the formation (up to 300%) of ketone
bodies, namely β-hydroxybutyrate and acetoacetate, concomi-
tant with a decrease in ketone used by muscle. As ketone
bodies are acidic, ion concentrations in body fluids increases
and so the pH decreases.

Acidosis is further exacerbated by the decrease in bicarbon-
ate levels owing to bicarbonate neutralization of the ketone
bodies prior to their excretion in urine.5 As a result, a compen-
satory respiratory alkalosis is added to the baseline relative
respiratory alkalosis and metabolic acidemia (renal excretion
of bicarbonate) of pregnancy. Thus, the already diminished
buffering capacity of pregnancy is compounded by the 
reduction in ketone use and severe impairment in bicarbonate
regeneration. Acidosis, if untreated, leads to pronounced
dehydration, oliguria and electrolyte imbalance. Hyperglycemia
due to the accumulation of carbohydrates leads to an increase
in serum osmolarity, profound osmotic diuresis (when glu-
cose levels exceed those of the renal threshold), a decrease in
cardiac output with a drop in blood pressure, and loss of
sodium and potassium. Dehydration and severe hyperosmo-
larity may be further aggravated by the loss of water and elec-
trolytes through acidosis-related vomiting. In advanced DKA,
all body compartments become dehydrated, with significant
depletion in water, sodium, potassium, chloride, magnesium,
phosphate, and bicarbonate. Although the total body sodium
deficit is high, the serum sodium level can be low, normal or
high. The apparent hyponatremia (‘pseudohyponatremia’) is
secondary to the hyperglycemic and hypertriglyceridemic
state; this may be corrected by increasing measured sodium by
1.6 mEq/L for each 100 mg/dL of glucose above normal.18 The
drop in pH is compensated, in part, by the intracellular shift
of hydrogen ions from the extracellular space in balance with
the potassium flux from the intracellular space. Therefore,
although the true serum potassium level is low, the measured
serum potassium level will be at the upper end of the normal
range. Shock secondary to the depleted intravascular volume
may ensue, with decreased tissue perfusion and increased
lactic acid production.

Diagnosis
A high index of suspicion and prompt diagnosis is the key 
to improved outcome of both the fetus and the mother. The
clinical presentation of diabetic ketoacidosis in pregnancy is
similar to that of nonpregnant diabetics. The classic presenta-
tion of DKA in pregnancy consists of vomiting, thirst,
polyuria, weakness, altered sensorium, and air hunger.
Malaise, headache, weight loss, nausea, and abdominal pain
occur less frequently. Importantly, symptoms can vary in
severity. On examination, patients will have a characteristic

fruity acetone breath odor with rapid and deep respiration 
(to release more carbon dioxide and prevent further pH 
deterioration). The diagnosis is confirmed by laboratory 
documentation of hyperglycemia, acidosis, and ketonuria.
Importantly, DKA in this patient population may be followed
by euglycemia or mild hyperglycemia.8,19 In a 10-year study 
of 11 cases of DKA in pregnancy, Cullen et al.20 noted symp-
toms of nausea, vomiting and decreased caloric intake in 10
patients (90%), and plasma glucose levels <200 mg/dL in four
patients (36%). Ketonemia and pre-renal azotemia with eleva-
tions in blood urea nitrogen and creatinine levels are also
common findings. Arterial blood gas analysis revealed acido-
sis, with the pH usually <7.30, along with an anion gap of
12 mEq/L or greater; serum bicarbonate is often =15 mEq/L.
As described earlier, sodium and potassium levels can vary 
significantly.

Fetal effects of diabetic ketoacidosis
The greatest hazard facing the pregnant diabetic patient with
DKA is fetal loss. The exact fetal loss rate is difficult to assess
because of the small reported series in the literature.
Historically, the reported fetal mortality ranged between 
30 and 90%7 but remarkable progress has been made both in
fetal assessment techniques and in the treatment of DKA, and
mortality rates in more recent reviews are 10%.20 Needless to
say, fetal loss is primarily related to the severity of the mater-
nal illness and the degree of metabolic decompensation. Most
fetal losses occur prior to diagnosis and therefore to the onset
of efficient treatment. As ketone bodies freely cross the 
placenta, maternal acidosis is assumed to cause fetal acidosis;
however, the exact mechanism by which maternal DKA affects
the fetus remains unclear. Suggestions include a decrease in
uterine blood flow and fetal hypoxemia, maternal hyperke-
tonemia inducing fetal hypoxemia, and fetal hyperglycemia
causing an increased fetal oxidative mechanism and a
decreased fetal myocardial contractility. Indeed, fetal potas-
sium deficit has been found to lead to fetal cardiac arrest.7

Fetal hypoxia may also be attributed to a DKA-associated
phosphate deficit which leads to depletion of red cell 
2,3-diphosphoglycerate and consequent impairment of
oxygen delivery. The risk of fetal distress, and even death,
during the maternal DKA state makes it mandatory to 
continuously monitor the fetal heart and to assess the bio-
physical score, and to evaluate the fetal acid–base balance by
cordocentesis if necessary. In the few case reports of fetal mon-
itoring during maternal DKA, a nonreassuring pattern with
tachycardia, reduced variability and late decelerations was
reported.21,22 LoBue and Goodlin23 found that the administra-
tion of just sodium bicarbonate for 2 h led to the resolution 
of the late deceleration and decreased variability of uterine
contractions. Hughes22 reported the resolution of a similar
fetal heart rate pattern 40 min after intravenous administra-
tion of insulin with no mention of maternal rehydration.
Other researchers reported that a combination of massive
intravenous hydration, insulin therapy and intensive care of
the mother lead to resolution of fetal acidosis and on improve-
ment in fetal heart rate monitoring.
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The long-term effects of DKA episodes during pregnancy
on the fetus remain unclear, but a relationship between
plasma ketone levels in the pregnant diabetic women and a
lower intelligence quotient in the child has been suggested.24

Treatment
Prompt and vigorous treatment in an obstetric intensive care
unit is generally needed to decrease the high maternal and
fetal mortalities accompanying DKA. All treatment protocols
are based on correcting volume depletion, supplying insulin,
correcting acidosis and electrolyte imbalance, and, most
importantly, identifying and correcting any possible precipi-
tating factor. Continuous fetal heart rate monitoring and bio-
physical assessment are essential to assess fetal well-being
during the third trimester. Induction of labor or an emergency
Cesarean section should be done only after maternal stabiliza-
tion. In the event of preterm labor, magnesium sulfate is the
tocolytic drug of choice, as beta-mimetic drugs only exacer-
bate the metabolic disorder. Major consideration should be
given to the use of steroids for lung maturation, as they also
worsen the metabolic consequences. A search for a source of
infection or other severe illness must be undertaken concomi-
tant with onset of treatment.

Several protocols have recently been suggested for the treat-
ment of DKA. It should be borne in mind, however, that these
protocols are only general guidelines and the therapeutic reg-
imen must be tailored to the individual patient on the basis of
her prominent clinical features. Only the therapeutic rationale
and the physiological basis are outlined in this chapter.

An estimated 4–10 L of deficit occurs in DKA,25 therefore
fluid administration is considered the first priority of treat-
ment in order to improve renal perfusion and thereby increase
glucosuria. The initial therapy should be based on isotonic
saline for effective restoration of the intravascular volume. In
cases of hypernatremia, other isotonic solutions may be used.
Importantly, it has been postulated that using hypotonic saline
as initial treatment may cause a rapid drop in plasma osmo-
larity that can lead to fatal cerebral edema, which is a rare
event among adults. Thus, when serum glucose falls to 
<250 mg/dL, the intravenous fluids can be changed to 5%
dextrose solution.

There are many dosing regimens for insulin replacement 
in DKA, and each has its advantages and disadvantages. In
recent years, the constant low-dose regimen rather than the
high-dose bolus therapy has become popular,3,26 owing both
to its simplicity and to the lower rates of complications 
of hypoglycemia and hypokalemia. However, bolus or contin-
uous infusion therapy also works well, and the clinician
should choose the method with which they have the most
experience.3

Acidemia in DKA takes longer to correct than the hyper-
glycemic state. Therefore, insulin therapy should be continued
even when normal glucose levels have been achieved. When
blood glucose reaches 150–200 mg/dL, a 5% dextrose solution
should be used along with insulin.27 Plasma electrolytes
should be frequently evaluated, and once adequate renal func-
tion is established, potassium should be replaced, bearing in

mind that the often normal or elevated serum potassium level
may not reflect the true total deficit of 5–15 mEq/kg of body
weight. Potassium is usually administered for 1–3 h, when the
level begins to normalize due to the intracellular shift. It is
noteworthy that the serum potassium level can fall rapidly as
a result of vigorous potassium loss in urine and correction of
academia.28

If phosphorus is low, replacement of 10–20 mEq/L of
potassium phosphate for each 10–20 mEq/L of potassium
chloride should be used.

The use of bicarbonate is the most controversial area in 
the treatment of DKA.3,23,24 Routine bicarbonate therapy may
be unnecessary, as the retained ketone bodies are metabolized
and regenerated to bicarbonate. Overzealous replacement
should be avoided in order to prevent rapid and complete
maternal acidemia that may actually increase fetal Pco2

levels and reduce oxygen delivery to maternal tissues.7

Bicarbonate therapy should probably be used only in patients
with severe acidosis (pH <7.1 or 7.0). There is currently no
evidence to support a beneficial effect of bicarbonate in
patients with a pH >6.9, though some authors recommend it
only for such cases.27

Importantly, alkali therapy is associated with many side
effects, e.g. hypokalemia, sodium overload, reduction in
oxygen delivery capacity and a decrease in cerebrospinal 
fluid pH.

Prevention
Preconception counseling, intensive metabolic control, prena-
tal care in a combined obstetric and diabetic clinic, and edu-
cation are important in preventing this catastrophic
complication in diabetic pregnancies. Education of patients
specifically aimed at improving their understanding of the
risks of pregnancy and the requirements for successful out-
come must be emphasized during each visit. Similarly, obstet-
ric and midwifery staff require a high index of suspicion to
identify patients early in the course of their illness since the
development of diabetic ketoacidosis in pregnancy can be
rapid and can also occur at lower blood glucose levels com-
pared to nonpregnant women. The use of reagent strips to
detect ketones in urine (ketonuria) when blood glucose levels
are high, or if symptoms of intercurrent illness appear, may be
one way of early identification of this complication. However,
the presence of minor ketonuria in normal pregnancy,
especially in the presence of significant emesis, should be
borne in mind during evaluation of such patients. The use of
reagent strips to detect ketones in blood may help in the dif-
ferentiation of these two conditions, although this needs vali-
dation for its use in routine clinical practice. Certainly, if there
are any signs of decompensation, early hospitalization is
essential.

Conclusions
DKA is an extreme condition in the spectrum of decompen-
sated diabetes mellitus. Its pathogenesis is related to an
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absolute or relative deficiency in insulin levels and elevations
in insulin counter-regulatory hormones that lead to altered
metabolism of carbohydrate, protein, and fat, and varying
degrees of osmotic diuresis and dehydration, ketosis, and aci-
dosis. Clinical presentation is characterized by insulin defi-
ciency and ketoacidosis, and insulin therapy is the cornerstone
of therapy. The therapeutic regimen is tailored to the promi-
nent clinical features of the individual patient. In gravid
patients, rapid correction of the metabolic abnormalities 
and, consequently, of hyperosmolarity by administration of

hypotonic fluids and insulin should be avoided to decrease the
risk for precipitating cerebral edema. Intensive care unit
admission is indicated in the management of DKA, in the
presence of cardiovascular instability, an inability to protect
the airway, obtundation, the presence of blood pressure insta-
bility, or if there is not adequate capacity to provide the fre-
quent and necessary monitoring that must accompany its use.
Prompt diagnosis and early treatment, along with continuous
monitoring of fetal well-being, is well correlated with favor-
able outcomes of both mother and infant.
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Introduction
Two main reasons – infertility treatment and advanced mater-
nal age – account for the increased incidence of multiple
births. In most developed countries, the incidence is two to
four times greater then the rate in developing countries and is
presently as high as 2–4%.1 Effective infertility treatment has
the most striking effect and according to the East Flanders
Prospective Twin Survey, the ratio of induced to spontaneous
twins increased from nearly 1:50 in the early 1970s in to the
rate of 1:2 in the late 1990s. Moreover, in centers with busy
infertility clinics, induced conceptions presently comprise the
majority of multiple pregnancies.1–4 These iatrogenic multiple
pregnancies are more frequent among older women with
reduced fecundity; however, advanced age is by itself a signif-
icant risk for twin pregnancies.5

Multiple pregnancies are characterized by greater elevation
of hormones with insulin–antagonist activity and therefore
may increase the pro-diabetic potential. In addition, the
advanced age of the mothers and the greater weight gain in
multiple pregnancies are all risk factors for developing gesta-
tional diabetes mellitus (GDM). Thus, the combined effect of
older maternal age, increased body mass index, and the effect
of multiple pregnancy-related increased placental size (the so-
called hyperplacentosis) is expected to increase the incidence
of GDM during these gestations. Indeed, a recent retrospective
large cohort of Canadian births, covering the peak of the epi-
demic of iatrogenic multiples, found that multiple pregnan-
cies were associated with increase risk of gestational diabetes.6

However, there is otherwise little information about the
potential association between GDM and the epidemic of
iatrogenic multiple pregnancies.

This chapter discusses the available data related to GDM
and multiple pregnancies and intends to propose possible
lines of further research.

Data that may support higher GDM
rate in multiples
GDM is one of the most frequent pregnancy complications
and is related to co-morbidities such as premature delivery,

fetal macrosomia, birth trauma, unexplained antepartum fetal
demise, pregnancy-induced hypertension, and placental
abruption. Specifically, a retrospective population-based study
of twins conceived by in vitro fertilization (IVF) found that
patients who developed severe pre-eclampsia were more likely
to have GDM.7

Hyperplacentosis presumably increases hormonal levels in
multiple pregnancies and these hormones, in turn, are pre-
sumably involved in the increased susceptibility to GDM
whereby changes in carbohydrate metabolism during multiple
pregnancy promote a pro-diabetic state. Spellacy et al.8 com-
pared levels of the pro-diabetic hormone human placental 
lactogen (hPL) in singleton and twin pregnancies. They estab-
lished serum hPL levels by radioimmunoassay in 75 singleton
and 37 twin pregnancies. The results showed a significantly
increased hPL level at 30 weeks (7.0 vs. 6.0 mcg/mL) as well as
at 36 weeks (9.2 vs. 7.4 µg/mL) in twins vs. the singletons,
respectively. The study supported the theory that twin preg-
nancies are associated with increased level of the principal dia-
betogenic hormone. Another support to this view comes from
the evaluation of carbohydrate metabolism by Spellacy and
co-workers who compared between 24 twin and 24 singleton
(controls) pregnancies.9 Cases and controls were similar in
age, parity, weight, and gestational age. A 25-g glucose toler-
ance test was carried out in the second half of gestation and
measurements of blood glucose, hPL and plasma insulin levels
were established. The hPL levels were significantly higher
whereas the fasting, the 5 and 15 min insulin levels were sig-
nificantly lower in women with twins. The effect of hPL in
twin as compared with singleton pregnancies may also be
indirectly appreciated by its augmentation of erythropoietin
effect as measured by the age distribution shift of erythrocytes
in women with twin gestation.10

Casele and co-workers conducted a 40-h metabolic study
in nondiabetic gestations and compared the response to
normal meal eating and the vulnerability to starvation ketosis
in 10 twin and 10 singletons, matched for age and pre-
pregnancy weight.11 Glucose, β-hydroxybutyrate, and insulin
levels in response to meal eating from 8 a.m. to 12:00 noon 
on day 1 were similar in twin and singleton pregnancies. On 
day 2, however, when breakfast was delayed, a progressive but
not significantly different decrement in glucose was observed
in both twin and singleton pregnancies. On the other hand,

Gestational diabetes in
multiple pregnancies
Yenon Hazan and Isaac Blickstein

45

9780415426206-Ch45  11/29/07  4:21 PM  Page 338



Conflicting data suggesting the same GDM rate in multiples 339

a significantly greater progressive rise in β-hydroxybutyrate in
twins compared to singletons was observed. These observa-
tions may point to the vulnerability of twin gestations to the
accelerated starvation of late normal pregnancy.

If hyperplacentosis were the link between multiple gesta-
tion and GDM, one may expect that the frequency of GDM
will correlate with the number of fetuses. Marconi et al. eval-
uated glucose disposal rates in a small series of one triplet, five
twin, and 11 singleton pregnancies.12 Maternal fasting glucose
concentration and the total fetal and placental weight signifi-
cantly correlated with increased maternal glucose disposal rate
but glucose concentration and total pregnancy weight were
interdependent variables.

It could be hypothesize that the difference between multi-
ples and singletons may be the result of a plurality-dependent
larger metabolic demand of the multiple gestation. The asso-
ciation between GDM and plurality was examined by Sivan 
et al.13 who evaluated the effect of multifetal pregnancy reduc-
tion (MFPR) on the incidence of GDM. The authors studied
188 consecutive triplet pregnancies born during the period
1994–1998, of which 103 continued as triplets whereas 
85 pregnancies underwent MFPR to twins. The frequency of
GDM was significantly higher in the triplet group than in the
(reduced) twin group (22.3% vs. 5.8%), leading to the conclu-
sion that plurality influences the frequency of GDM. However,
one may consider an alternative explanation whereby the
increased frequency of GDM in triplets might be attributed to
familial history of diabetes (44% vs. 25%) and BMI at the end
of pregnancy (30.3 ± 5 vs. 27.6 ± 3.95). Interestingly, these
authors repeated the methodology of Skupski and associates14

who compared the risk for preeclampsia in triplet and in
(reduced from triplets) twin gestations. As with GDM, the
triplet group had a higher rate of severe preeclampsia (26.3%)
compared with the twin group (7.9%); however, the authors
did not find a difference in other maternal complications of
pregnancy. In these two studies, both cases and controls
started as triplets and MFPR was performed during the early
second trimester.13,14 This methodological construct excludes
an early effect of the trophoblastic mass and may indirectly
point to a later effect, whereby fetal number, placental mass, or
factors unrelated to the success of implantation are more
important to the development of preeclampsia and GDM than
is successful implantation alone. Geva et al.15 evaluated the
pregnancy outcome of selective second trimester MFPR 
(n = 38) to first trimester MFPR (n = 70), (19.7 ± 3.3 and 
11.7 ± 0.7 weeks, respectively). The rate of GDM was lower, but
not significantly different, among second trimester MFPR 
(0 vs. 6%).

Using the 1995 to 1997 Multiple Birth File of the United
States, Wen et al.16 compared the maternal morbidity and
obstetric complications of 152,238 twins, 5491 triplets and
432 quadruplets or more pregnancies. After an adjustment for
important confounding factors, the risk of pregnancy-associ-
ated hypertension and eclampsia, anemia, diabetes mellitus,
abruptio placenta, premature rupture of membrane, and
Cesarean delivery was increased in women with triplet preg-
nancies and higher-order multiple pregnancies than in
women with twin pregnancies. A dose–response relationship
was observed for GDM (as well as for pregnancy-associated

hypertension and placental abruption). Newman and Luke17

complied data from numerous reports on the frequency of
GDM in multiple pregnancies. Admittedly, this compilation of
data is derived from diverse populations and different time
periods. As such, it may not represent the definite frequency of
GDM according to plurality, but it unquestionably shows a
clear trend. However, Figure 45.1(A and B) suggests that both
analyses clearly show similar plurality-dependent trends in the
incidence of GDM.

The relationship between zygosity and GDM was not ade-
quately studied mainly because accurate zygosity determina-
tions are simple not available. In his study, Hoskins used the
Weinberg rule to estimate zygosity.18 A higher proportion 
of unlike-sex (3.5%) than like-sex twin pregnancies (1.6%) 
were complicated by GDM, resulting in an estimated risk for 
dizygotic relative to monozygotic pregnancies of 8.6 (95% 
CI = 3.5–21.0). The higher risk of GDM among mothers of
dizygotic twins was attributed to the presence of two placen-
tas which may support the development of greater insulin
antagonism than the single placenta in the mother of monozy-
gotic twins.

Conflicting data suggesting the same
GDM rate in multiples
In almost three decades research failed to prove a clear-cut
higher rate of GDM in multiple pregnancies. Naicker et al.19

compared 26 women carrying twins with 26 women carrying
singletons matched for age, parity, and gestational age. Each
woman had an oral glucose tolerance test. Venues blood 
glucose levels and insulin response were not significantly dif-
ferent between the two groups. The same researcher subse-
quently reported on 21 twins and 21 matched for age, weight,

4

7

9

11

Quads+

Quads

1.81

Triplets

Triplets

1.56

Twins

TwinsSingletons

1

2

1.5

1

A
O

R

0.6

0

12

9

6

In
ci

de
nc

e 
(%

)

3

0

A

B
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parity, and gestational age singletons.20 All 42 subjects had a
100-g glucose tolerance test. The only difference was lower
plasma insulin level at 60 min in the twin group, but again, no
significant differences in venous plasma glucose response and
insulin levels were found between singletons and twins preg-
nancies. It is unknown, however, if cases in the two studies19,20

were not the same.
Similar results were reported from the same group using 

a third trimester intravenous glucose tolerance test (of
0.5 g/kg body weight).21 The comparison between 20 twin and
20 matched for age, weight, parity, and gestational age single-
ton pregnancies. Neither significant differences in mean
venous insulin levels nor differences in glucose response were
found between the groups.

One of the largest surveys was performed by Spellacy and
his colleagues who assessed the risk of GDM in a cohort of
101,506 pregnancies, including 1253 twins.22 The twin gesta-
tions were compared with a 5% random sample of singleton
pregnancies (n = 5119). The data showed that twin pregnan-
cies had no increased risk for GDM.

Henderson et al.23 used a 50-g 1-h oral glucose challenge
test to screen 9185 pregnancies, including 138 (1.5%) twin
gestations. GDM was diagnosed when abnormal screens
(>129 mg/dL) were followed by two or more abnormal values
on the 3-h, 100-g glucose tolerance test (National Diabetes
Data Group criteria). The incidence of GDM was similar for
singleton and twin gestations: 5.8 and 5.4%, respectively.

Another source of information comes from the longitudi-
nal study of Sameshima et al.24 who followed eight triplet
pregnancies with repeated 75-g glucose tolerance tests per-
formed at all three trimesters as well as postpartum. Glucose
values improved during the third trimester compared to the
second trimester and postpartum, suggesting that a fetopla-
cental glucose drain may counterbalance maternal insulin
resistance. Another approach was used by Blickstein and
Weissman25 who evaluated 56 twin pregnancies representing
the tenth deciles of the mean twin birth weight distribution to
investigate whether ‘macrosomic’ twins face the same
increased perinatal risk, as do macrosomic singletons. In both
study and control groups, GDM was infrequent and could not
explain the increased birth weight among twins.

The lack of an association between multiples and GDM 
was also evaluated by Anwar et al.26 and Syeda Zaib-un-Nisa 

et al.27 in twins who conceived through IVF. When compared to
spontaneous twins, the former had a similar incidence of GDM.

The potential relationship of GDM and antecedent condi-
tions was evaluated by Mikola et al.28 in 99 pregnancies of
woman with polycystic ovarian syndrome (PCOS) compared to
an unselected control population. Patient with PCOS often need
infertility treatments and a high incidence of multiples is
expected. Indeed, this study shows that twin and GDM rates
were both increased (9.9 vs. 1.1% and 20 vs. 8.9%, in the 
PCOS group and in controls, respectively). At the same time, the
BMI, a potential confounder for GDM, was also greater in PCOS
patients than in controls (25.6 vs. 23). These results may suggest
that the higher rate of GDM in patients with PCOS, often related
to insulin resistance and hyperinsulinemia, may be attributed to
the antecedent PCOS and not to the multiple pregnancies.

GDM in multiple pregnancy
The question whether twin pregnancies with GDM should by
controlled in special manner was evaluated by Schwartz et al.29

who compared the frequency, maternal age, weight, 1-h
screen, glucose tolerance test results, post-treatment blood
glucose values, insulin requirements and insulin dose in twin
and singleton pregnancies associated with GDM and carbohy-
drate intolerance. These authors found that insulin require-
ments were not different, but there is an increased incoherence
of GDM among twins (7.7 vs. 4.1%). This observation sug-
gests a mild disturbance of carbohydrate tolerance in twins,
which may be effectively managed by similar strategies used to
control blood glucose in singletons. Ihara et al.30 compared the
effect of twin gestation on carbohydrate metabolism using a
75-g oral glucose tolerance test in 63 twin and 3791 singleton
gestations during the third trimester. Plasma glucose concen-
trations were measured before (i.e. fasting) and at 30 min, 1 h
and 2 h after a 75 g glucose oral load and the insulin concen-
tration was measured before (i.e. fasting) and at 30 min after
glucose ingestion. Women with twin gestation showed signifi-
cantly lower plasma glucose concentrations during fasting and
at 30 min after the glucose load, but no significant difference
in serum glucose levels were found in the other parameters.
This study could not find any significant difference in plasma
glucose levels as used to define a pathologic OGTT between

"Glucose"
grain by

increased
fetal mass

Increased pro-
diabatic

hormones by
hyperplacentosis

Figure 45.2 The occurrence of GDM might be the net effect between increased levels of pro-diabetic placental hormones
counterbalanced by the increase in ‘glucose’ drain produced by the plurality-dependent increase in total fetal mass.
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twin and singleton pregnancies except for fasting values. This
observation suggests a lower tolerance to fasting in twin preg-
nancies but same glucose tolerance and insulin levels compare
to singletons.

The data concerning the effect of GDM on perinatal out-
come in multiple pregnancies is scant. Tchobroutsky et al.31

reported on a high frequency of fetal malformations in type I
diabetic women with twin pregnancies; however, the small
number of cases precludes a final conclusion. Keller et al.32

compared 13 twin pregnancies complicated with GDM to
matched-by- gestational age twin pregnancies. There was a
trend of greater likelihood of respiratory distress syndrome,
hyperbilirubinemia and prolonged neonatal intensive care
nursery admission in the diabetic group. More recently, Zaw
and Stone33 reported on twins born to a mother with pre-ges-
tational diabetes and complicated with rare fetal anomaly
related to diabetic pregnancy: caudal regression syndrome. In
this unusual case – which may have long-term neurological,
urologic, and orthopedic complications – is only one of a set
of monozygotic twins. This report casts some doubt on the
pathogenesis of this malformation and suggests an as yet
unidentified factor other than hyperglycemia as a potential
cause of this complication.

Epilogue
At this stage of our knowledge, the data related to a potential
association between GDM and multiple pregnancies are 
conflicting. However, it may well be that these inconsistent
data are a result of two mechanisms affecting the net result in
opposite ways (Figure 45.2). On one hand, the increased 

placental mass is expected to increase pro-diabetic hormonal
levels, and on the other, the increased total fetal mass works as
a ‘glucose’ drain and offset this effect. Regrettably, the data pre-
sented in this chapter are not appropriate to draw any conclu-
sions and do not support a clear-cut association between
GDM and multiple pregnancies despite the inherent logical
expectations (Box 45.1). In fact, there are several reservations
concerning the available data.

First, some of the available studies are old and do not
include multiples resulting from the current epidemic of
iatrogenic conceptions. The remarkable difference between
mothers, particularly in terms of age, before and after the
1990s1,2 cast serious doubts if the prevalence cited in older
studies is still valid today. Second, most, if not all information
are hospital-based and not population-based data. Accordingly,
prospective studies on maternal adaptation to carbohydrate
metabolism during a multiple pregnancy are flawed by a small
sample size and lack of sufficient statistical power. Moreover,
time-lead bias, which overlooks changes in management over
time have not been considered. For example, it would be 
interesting to know how the rate of PCOS in mothers of
multiple pregnancies influences insulin resistant and GDM
rates and how recommendations for excess weight gain during
early stages of a multiple pregnancy17 would influence carbo-
hydrate metabolism.

As a final point, there is striking deficiency of studies
related to high-order multiples, especially triplet pregnancies.
Obviously, high-order multiples are of negligible importance
in the Third World but this is not true any more in most devel-
oped countries.1,2 This chapter clearly suggests that further
study is needed to answer these and many other uncertainties
related GDM and a multiple pregnancy.
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Box 45.1 Clinical data related to GDM and multiple pregnancies

Data supporting higher GDM rate in multiples
● Hyperplacentosis and higher hPL levels
● Exaggerated response to fasting and food
● Higher age
● Higher BMI and weight gain in multiple gestations
● Plurality-dependent frequency of GDM

Conflicting data concerning GDM and multiple pregnancies
● Similar prevalence of GDM in twin and singleton pregnancies
● No difference in glucose challenge and tolerance tests between twins and singleton pregnancies
● Management of twin and singleton gestations complicated by GDM is similar
● Similar insulin requirements in twin and singleton pregnancies complicated by GDM
● Higher rate of PCOS in multiple pregnancies
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Introduction
It is estimated that 5–20% of women of childbearing age suffer
from autoimmune thyroid diseases. Women with diabetes
Type 1 are three to five times more likely to be affected as non-
diabetic women. In this chapter, we present a brief description
of thyroid physiopathology in pregnancy, different aspects of
their clinical manifestations, its repercussions on maternal,
fetal and neonatal wellbeing and potential long-term effect on
the offspring. It is imperative that a team approach be used in
the management of these conditions, based on the one that
has successfully improved the care of diabetic women.
Preconception education and proper diagnosis and manage-
ment of thyroid dysfunction early in pregnancy are of para-
mount importance in order to prevent complications during
gestation and in the offspring.

In early pregnancy, the maternal thyroid gland needs to
increase thyroxine production by approximately 50% as 
compared to the preconception state. The adaptation is
accomplished by three main factors: (1) an increase in thyrox-
ine-binding globulin (TBG) in the first few weeks after con-
ception; (2) the stimulatory effect of hCG on the TSH thyroid
receptor with a peak effect between 8 and 14 weeks gestation;
and (3) the supply of iodine available to the thyroid gland.1

The suggested total daily iodine ingestion for pregnant women
is 229 µg a day and for lactating women 289 µg daily; prenatal
vitamins should contain at least 150 µg of iodine.2

The normal thyroid gland is able to compensate for the
increase in thyroid hormones demands by increasing their
secretion and maintaining the serum levels of free hormones
within normal limits throughout gestation. However, in those
situations in which there is a subtle pathologic abnormality of
the thyroid gland, such as in chronic autoimmune thyroiditis
or in hypothyroid women on thyroid hormone therapy, the
normal increase in the production of thyroid hormones is not
met. As a consequence, the women are at risk of becoming
hypothyroid.

Active secretion of thyroid hormones by the fetal thyroid
gland commences at about 18 weeks gestation, although
iodine uptake occurs between 10 and 14 weeks.3 Transfer of
thyroxine from the mother to the embryo occurs from early
pregnancy. Maternal thyroxine has been demonstrated in
coelomic fluid at 6 weeks gestation.4 This maternal transfer

continues until delivery, but only in significant amounts in the
presence of fetal hypothyroidism.5 Later in pregnancy the pla-
centa plays in important role on transferring thyroxine due to
the presence of the enzyme type 3 iodothyronine deiodinase
(MID-III). Thyroid hormone receptor gene expression has
been shown in human fetal brain by 8 weeks gestation, sup-
porting the important role of maternal thyroid hormone
during the first trimester of human pregnancy in fetal brain
development.6 Mild maternal thyroid deficiency in the first
trimester could result in long-term neuropsychological
damage to the offspring.7

The levels of maternal thyroid hormone concentrations,
both total thyroxine (TT4) and total triiodothyronine (TT3)
increase from early pregnancy, with a slight increase in free
hormones in the first trimester with a corresponding lowering
of serum TSH. Early in gestation, TSH values below the
normal reference range may be seen in up to 15% of
uncomplicated pregnancies, returning to normal levels by
18–20 weeks, but in a few situations may remain low until
later in pregnancy.1

Human chorionic gonadotropin is a weak thyroid stimula-
tor, acting on the thyroid TSH receptor. It is estimated that 
a 10,000 IU/L increment in circulating hCG corresponds to a
mean T4 increment in serum of 0.1 ng/dL, and in turn to a
lowering of TSH of 0.1 mU/L, as seen in the first trimester 
of gestation. In situations in which there is a high production
of hCG, or changes in its biological potency, such as in cases of
multiple pregnancies, hydatidiform mole, and hyperemesis
gravidarum (HG), serum T4 concentrations rise to levels seen
in thyrotoxicosis with a suppression in serum TSH values.

Thyroid function tests
Measurement of serum TSH is the most practical, simple, and
economic screening test for thyroid dysfunction. Serum TSH
concentrations are dependent on gestational age; it is lower in
the first trimester as compared to the second and third trimester
of pregnancy. There is significant clinical data at the present time
to support a serum TSH value of 2.5 mIU/L as the upper limit of
normal in first trimester of pregnancy, the lower limit of normal
is 0.1 mIU/L.1 There is a fairly good inverse correlation between
TSH and hCG concentrations. As mentioned above, low or 
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suppressed TSH values are present in about 15% of pregnant
women in the first trimester of gestation. In the presence of an
abnormal serum TSH value, the determination of FT4 or its
equivalent free thyroxine index (FT4I), is necessary for the
proper assessment of thyroid function. A word of caution
regarding the determination of free thyroxine levels in differ-
ent trimesters of pregnancy. There is a significant inconsis-
tency among the different commercial assay of serum FT4

because of methodology used and also because of variation in
dietary iodine intake among the different populations studied.
Currently none of the manufacturers of the automated free T4
assays has provided trimester specific reference ranges, there-
fore the determination of total T4 adjusted by a factor of
1.5 for pregnant patients has been suggested as a better esti-
mation of serum free thyroxine concentration.8 A better alter-
native is to estimate the free T4, by the free T4 index (FT4I),
calculated using the total T4 value and an indirect determina-
tion of serum TBG concentration..

The determination of TSH receptor antibodies (TRAb) is
indicated in very special circumstances during pregnancy
(Box 46.1). These antibodies are immunoglobulins, usually of
the IgG subclass, having different functional activity: thyroid
stimulating antibodies (TSI) in most patients with Graves’ dis-
ease or blocking antibodies, in some patients with
Hashimoto’s thyroiditis, particularly in those without goiter.
They do cross the placental barrier and when present in high
titers may affect fetal thyroid function.9 The chances for the
offspring to be affected by these maternal antibodies are very
low (up to 2% of mothers with autoimmune thyroid disease).
However, if mothers with high titers are not properly identi-
fied, the consequences for the infant could be irreversible neu-
rologic and metabolic sequelae. A value of TSRAb five times
greater than normal is considered predictive of neonatal or
fetal thyroid dysfunction.

Thyroid peroxidase antibodies (TPO) or antimicrosomal
antibodies (AMA), markers of chronic autoimmune thyroidi-
tis are present in 5–20% of women of childbearing age.

Goiter is commonly seen in pregnancy in areas of iodine defi-
ciency. However, in the United States and other areas of the
world with sufficient iodine intake, the thyroid gland does not
clinically increase in size during pregnancy. Therefore, the detec-
tion of a goiter in pregnancy is an abnormal finding that needs

careful evaluation. The most common cause of diffuse goiter is
chronic autoimmune thyroiditis or Hashimoto’s thyroiditis.

The indications for requesting TFTs are represented in 
Box 46.2. Whether routine thyroid screening in pregnant
women is necessary remains a controversial issue; in a recent
publication of a group of 40 pregnant women diagnosed with
hypothyroidism early in pregnancy, 30 % of them were not
considered to be in a high risk group for thyroid disease based
on clinical history.10

Pre-pregnancy counseling
The physician may be faced with different clinical situations
when counseling a woman with thyroid disease contemplating
pregnancy.

Hyperthyroidism on antithyroid drug treatment
If the woman decides to continue antithyroid drug therapy, PTU
is the drug of choice in view of rare cases of methimazole embri-
opathy (see section on hyperthyroidism). She should be made
aware of the importance of frequent testing during gestation to
achieve target serum thyroxine levels and the potential side
effects on the fetus. Alternative therapies, 131I ablation or 
thyroidectomy should be discussed. If the patient opts for abla-
tion therapy, there is no long-term effect of 131I therapy on the
offspring. However, it is customary to wait 6 months after the
therapeutic dose is administered before pregnancy is contem-
plated. Regardless of the form of therapy chosen, it is important
for the patient to be euthyroid at the time of conception.

Previous ablation treatment for Graves’ disease
Women treated with ablation therapy and on thyroid replace-
ment therapy will need to increase levothyroxine doses soon
after conception to avoid hypothyroidism.11 In spite of remain-
ing euthyroid on replacement hormonal therapy, in a subgroup
of patients, high maternal titers for TSI or TSHRAb may be 
present, with the fetus being at risk of developing hyperthy-
roidism despite the mother being euthyroid (Box 46.1). Close
follow-up during pregnancy and communication between the
obstetrician and endocrinologist is essential.

344 Thyroid diseases in pregnancy

Box 46.1 Indications for maternal determination of
TSI* or TRAb** in Graves’ disease (TSI)

● Fetal or neonatal hyperthyroidism in previous
pregnancies

● Active disease, on treatment with antithyroid drugs
● Euthyroid, postablation, in the presence of:

● Fetal tachycardia
● Intrauterine growth restriction
● Incidental fetal goiter on ultrasound

● Incidental fetal goiter on ultrasound
● Infant born with congenital hypothyroidism

TSI*: Thyroid stimulating Immunoglobulin; TRAb**, TSH receptor 
antibodies**.

Box 46.2 Indications for thyroid testing in pregnancy

● Symptoms of thyroid dysfunction
● Family history of autoimmune thyroid disease
● Women on thyroid therapy
● Presence of goiter
● Previous history of:

● High-dose neck radiation
● Hyperthyroidism
● Postpartum thyroid dysfunction
● Hypothyroidish
● Chronic Thyroiditis
● Infertility
● Miscarriages
● Per-term delivery

● Previous birth of an infant with thyroid disease
● Type 1 diabetes mellitus
● Autoimmune diseases
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Previous treatment with 131I for thyroid carcinoma
With very few exceptions, pregnancy does not affect the 
natural history of women previously treated for thyroid
cancer. Spontaneous miscarriages have been reported to be 
as high as 40% in the first year after radiation treatment as 
compared with 18% in women who have received no 
radiation.12

Hypothyroidism
Most hypothyroid women on thyroid hormone therapy will
require higher doses soon after conception.11 The increase in
requirements is observed in the first 4–8 weeks of gestation.
The physician should advise them to obtain thyroid function
tests soon after conception. Some physicians suggest to empir-
ically increase the dose of levothyroxine by 25–50 µg day as
soon as pregnancy is suspected. Following delivery, the dose
should be reduced to pre-pregnancy levels.

Euthyroid chronic thyroiditis
Patients with Hashimoto’s thyroiditis are at greater risk 
of developing hypothyroidism very early in pregnancy
because of the increase demand in thyroid hormones; if not
properly managed they are at risk of developing the same
complications as poorly treated hypothyroid mothers, mainly
spontaneous abortions, preterm delivery, and pregnancy-
induced hypertension (PIH). One recent study showed a sig-
nificant decrease of miscarriages and preterm delivery in
euthyroid chronic thyroiditis women treated with levo-thy-
roxine in the first 10 weeks of gestation as compared to euthy-
roid chronic thyroiditis mothers receiving no treatment and a
control population.13 In the untreated women a significant
number of them developed subclinical hypothyroidism.
Therefore it appears reasonable to treat euthyroid and 
subclinical hypothyroidism mothers with levo-thyroxine
before or very early in pregnancy to prevent the above 
complications.

Maternal–placental–fetal
interactions
Studies in the last two decades have shown an important role
of maternal thyroid hormones in embryogenesis.14 Maternal
thyroxine crosses the placenta in the first half of pregnancy at
the time when the fetal thyroid gland is not functional.
Maternal TSH does not cross the placenta. TRH does cross the
placental barrier, but its physiologic significance is unknown.
Methimazole (MM) and propylthiouracil (PTU), cross the
placenta, and if given in inappropriate doses may produce
fetal goiter and hypothyroidism.15

Hyperthyroidism
Hyperthyroidism due to Graves’ disease affects pregnancy 
in about 0.2% of patients16 (Box 46.3). Gestational 

hyperthyroidism is define as a transient nonimmune hyper-
thyroidism due in the majority of cases to high levels of hCG 
or and increased in its biological activity. Single toxic 
adenoma and multinodular toxic goiter are found in less than
10% of cases. Subacute thyroiditis is rarely seen during 
gestation.

Transient hyperthyroidism of
hyperemesis gravidarum

One of the most clinically recognized forms of gestational 
thyrotoxicosis is transient hyperthyroidism of hyperemesis
gravidarum (THHG). It is characterized by severe nausea and
vomiting, with onset between 4 and 8 weeks’ gestation, requir-
ing in many cases frequent visits to the emergency room 
and sometimes repeated hospitalizations for intravenous
hydration. Weight loss of at least 5 kg, ketonuria, abnormal
liver function tests, and hypokalemia are common findings,
depending on the severity of vomiting and dehydration.
Free thyroxine levels are elevated, sometimes up to four to 
six times the normal values, whereas FT3 is elevated in up to 
40% of affected women, values not as high as serum FT4.
The T3/T4 ratio is less than 20, as compared with Graves’
hyperthyroidism, where the ratio is over 20. Serum TSH 
concentrations are very low or suppressed.17 TPO antibodies
are negative. In spite of the significant biochemical hyperthy-
roidism, signs and symptoms of hypermetabolism are 
mild or absent. Significant in the medical history is the lack of
hyperthyroid symptoms before conception, since patients
with Graves’ disease diagnosed for the first time during 
gestation give the history of hypermetabolic symptoms 
antedating several months before pregnancy. Spontaneous
normalization of hyperthyroxinemia parallels the improve-
ment in vomiting and weight gain, with most of the cases
resolving spontaneously between 14 and 20 weeks’ gestation,
suppressed serum TSH may lag for a few more weeks after
normalization of free thyroid hormone levels. Antithyroid
drugs are not effective in ameliorating the symptoms.
Correction of vomiting, hydration and electrolytes imbalance
is recommended until vomiting subsides and thyroid tests
returned to normal.

Transient hyperthyroidism of hyperemesis gravidarum 345

Box 46.3 Etiologies of hyperthyroidism in pregnancy

● Graves’ disease
● Nodular thyroid disease
● Subacute thyroiditis
● Iatrogenic
● Gestational thyrotoxicosis:

● Hyperemesis gravidarum
● Molar disease

● Rare:
● Iodine induced
● TSH-producing pituitary tumor
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Hyperthyroidism due to Graves’
disease
In the vast majority of patients in whom the diagnosis is made
for the first time during pregnancy, hyperthyroid symptoms
antedate conception. The clinical diagnosis of thyrotoxicosis
may present difficulties during gestation, since many symp-
toms and signs are commonly seen in normal pregnancy, such
as mild palpitations, heart rate between 90 and 100 beats/min,
mild heat intolerance, shortness of breath on exercise, and
warm skin. Clinical clues for hyperthyroidism are presence of
goiter, ophthalmopathy, proximal muscle weakness, tachycar-
dia with a pulse rate over 100 beats/min, and weight loss or
inability to gain weight in spite of a good appetite. When
hyperthyroidism is properly managed throughout pregnancy,
the outcome for mother and fetus is good; however, maternal
and neonatal complications for untreated or poorly controlled
mothers are significantly increased.18

Almost every patient with Graves’ disease will have an ele-
vated FT4 concentration. A suppressed TSH value in the pres-
ence of a high FT4 or FT4 index confirms the diagnosis of
hyperthyroidism. In some unusual situations, the serum FT4

may be at the upper limit of normal or be slightly elevated, in

which case the determination of FT3 or the FT3 index will con-
firm the diagnosis of hyperthyroidism. Thyroid peroxidase
antibodies (anti-TPO) or thyroid antimicrosomal antibodies,
are positive in the vast majority of patients.

Significant maternal and perinatal morbidity and mortality
were reported in early studies.19 In the last 20 years, however,
there has been a significant decrease in the incidence of mater-
nal and fetal complications directly related to improve control
of maternal hyperthyroidism.16,18,20 The most common mater-
nal complication is PIH. In women with uncontrolled hyper-
thyroidism, the risk of severe preeclampsia was five times
greater than in those patients with controlled disease.18 Other
complications include preterm delivery, placental abruption,
and miscarriage. Congestive heart failure may occur in women
untreated or treated for a short period of time in the presence
of PIH or operative delivery.

Fetal and neonatal complications are also related to mater-
nal control of hyperthyroidism. Intrauterine growth restric-
tion (IUGR), prematurity, stillbirth, and neonatal morbidity
are the most common complications. Uncontrolled hyperthy-
roidism during the entire gestation is associated with a 9-fold
greater incidence of low-birth-weight infants as compared
with the control population18 (Figure 46.1). It was almost 
2.5 times greater in those whose hyperthyroidism was treated

346 Thyroid diseases in pregnancy
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Figure 46.1 Perinatal complications in hyperthyroid women according to thyroid status at time of delivery. RR, relative risks.
(Adapted from Millar, et al.17)
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during pregnancy and became euthyroid at some time during
gestation. In those mothers achieving a euthyroid state before
or early in pregnancy, the incidence of low-birth-weight
infants was no different from that in the control population.

The goal of treatment is normalization of thyroid tests as
soon as possible and to maintain euthyroidism with the min-
imum amount of antithyroid medication. Patients should be
monitored at regular intervals and the dose of their medica-
tions adjusted to keep the FT4 or preferable the FT4I in the
upper one third of the range of normal.20 For this purpose,
thyroid tests should be performed every 2 weeks at the begin-
ning of treatment and every 2–4 weeks when euthyroidism is
achieved. Patients with small goiters, short duration of symp-
toms, and on minimal amounts of antithyroid medication will
be able to discontinue antithyroid drugs by 34 weeks’ gestation
or beyond and remain euthyroid.

In the USA, the two antithyroid drugs available are PTU and
methimazole (Tapazole). Both drugs are effective in controlling
symptoms. Aplasia cutis, an unusual scalp lesion, occurred in a
small group of patients taking methimazole. A few reports have
described a specific embryopathy in infants from mothers
treated during the first trimester of pregnancy with methima-
zole but not with PTU.21 This has been called ‘methimazole
embryopathy’ and includes cloanal atresia and/or esophageal
atresia, minor dimorphic features and development delay.
Although these complications were not reported in relatively
large series of pregnant women treated with PTU it appears
prudent to avoid Tapazole in the first trimester of pregnancy if
PTU is available.

The starting dose of PTU is 100–450 mg/day, in three daily
doses; methimazole dose is 10–40 mg/day divided in two daily
doses.16 Those mothers with large goiters and longer duration of
the disease may need larger doses at initiation of therapy. In
patients with minimum symptoms, an initial dose of 10 mg of
Tapazole daily or PTU 50 mg two or three times a day may be
initiated, with normalization to chemical euthyroidism in 
3–7 weeks.22 Resistance to drug therapy is unusual, most likely
due to poor patient compliance.23 Once clinical improvement
occurs, mainly weight gain and reduction in tachycardia, the
dose of antithyroid medication may be reduced by half of the
initial dose. The daily dose is adjusted every few weeks according
to the clinical response and the results of thyroid tests. Serum
TSH remains suppressed despite the normalization of thyroid
hormone levels. Normalization of serum TSH is an indicator to
reduce the dose of medication. If there is an exacerbation of
symptoms or worsening of the thyroid tests, the amount of
antithyroid medication is doubled. The main concern of mater-
nal drug therapy is the potential side effect on the fetus; mainly,
goiter and hypothyroidism. In most studies this has been 
prevented by using doses no greater than 200 mg PTU or 20 mg
methimazole in the last few weeks of gestation. However, small
elevations in serum TSH in the neonate have been reported even
with low doses of antithyroid medication.24

Side effects of antithyroid drugs occur in 3–5% of treated
patients. The most common complications of both drugs are
pruritus and skin rash. They usually resolve by switching to
the other antithyroid medication. In general, the rash occurs
2–6 weeks after initiation of therapy. Much rarer complications
are migratory polyarthritis, a lupus-like syndrome, and

cholestatic jaundice. Agranulocytosis, a serious but unusual
complication, has been reported in 1 in 300 patients receiving
the drug. It is manifested by fever, malaise, gingivitis, and sore
throat. Agranulocytosis occurs in the first 12 weeks of therapy
and appears to be related to the dose of medication.25 Routine
blood counts are not recommended.

β-Adrenergic blocking agents (labetalol 100 mg twice a day
or atenolol 25–50 mg/day) are very effective in controlling
hyperdynamic symptoms and are indicated for the first few
weeks in symptomatic patients.16

Thyroidectomy in pregnancy is effective in managing the
disease; indications for surgical treatment are few: allergy to
both antithyroid drugs,26 very large goiters, patient preference,
and the exceptional case of resistance to drug therapy.

131I therapy is contraindicated in pregnancy since, when
given after 10 weeks’ gestation, it produces fetal hypothy-
roidism.27 A pregnancy test is essential in any woman of child-
bearing age before a therapeutic dose of 131I is administered.

Assessment of fetal well-being with the use of ultrasonog-
raphy, nonstress test, and/or biophysical profile is indicated
for cases in poor metabolic control, in the presence of fetal
tachycardia and/or intrauterine growth restriction, in preg-
nancies complicated by PIH or any other obstetrical or med-
ical complications. Excessive amounts of antithyroid drugs
have induced fetal hypothyroidism and goiter. Ultrasono-
graphy for monitoring the size of the fetal thyroid gland as an
indicator of therapeutic targets may be useful in women con-
sidered high risk (presence of TSH receptor antibody, on ATD
therapy); fetal goiter was detected in 11 out of 41 women with
active or past history of Graves’ disease, 4 fetuses were hyper-
thyroid and seven were hypothyroid; all of them benefit from
adjusting maternal drug therapy. The authors of the study
concluded that ultrasonography of the fetal thyroid gland by
an experienced ultrasonographer is an excellent diagnostic
tool, in conjunction with close teamwork, to ensure normal
fetal thyroid function and proper development.28

Breast feeding is permitted if the daily dose of PTU or
methimazole is less than 200 mg/day or 20 mg/daily, respec-
tively. It is prudent to give the total amount in divided doses
after each feeding.29

Neonatal hyperthyroidism
Neonatal hyperthyroidism is infrequent, with an incidence of less
than 1% of infants born to mothers with Graves’ disease, there-
fore affecting 1 in 50,000 neonates. The disease is caused by the
placental transfer of stimulating thyroid antibodies (TSIs) from
mother to fetus. High serum maternal TSI titers (a 3- to 5-fold
increase over baseline), in the third trimester of pregnancy are
predictors of neonatal hyperthyroidism.30 If the mother is treated
with antithyroid medications, the fetus benefits from maternal
therapy, remaining euthyroid during pregnancy. However, the
protective effect of the antithyroid drug is lost after delivery, and
neonatal hyperthyroidism may develop within a few days after
birth. If neonatal hyperthyroidism is not recognized and treated
properly, neonatal mortality may be as high as 30%. Since the
half-life of the antibodies is only a few weeks, complete resolution
of neonatal hyperthyroidism is the rule.28
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Sporadic cases of neonatal hyperthyroidism without evi-
dence of the presence of circulating TSI in mother or infant
have recently been published.31 Activation of mutations in the
TSH receptor molecule are the cause of this entity.

Fetal hyperthyroidism
In mothers with a history of Graves’ disease previously treated
with ablation therapy, either surgery or 131I, concentrations of
TSI may remain elevated, in spite of maternal euthyroidism.
The concentration of these IgG immunoglobulins in the fetus
reaches levels similar to the mother by 26–30 weeks gestation.
Therefore, the symptoms of fetal hyperthyroidism are not 
evident until 22–24 weeks of gestation. Fetal hyperthyroidism
is characterized by fetal tachycardia, IUGR, oligohydramnios,
and a goiter may be identified on ultrasonography.28,32

The diagnosis may be confirmed by measuring thyroid 
hormone levels in cord blood obtained by cordocentesis.33

Treatment consisted of antithyroid medication given to the
mother, PTU 100–400 mg/day or methimazole 10–20 mg/day.
The dose is guided by the improvement and resolution 
of fetal tachycardia and normalization of fetal growth,
both of which are indicators of good therapeutic response.
Fetal ulreasonography in experts hands could be a valuable
diagnostic tool.

Neonatal central hypothyroidism
Infants of untreated hyperthyroid mothers may be born with
transient central hypothyroidism (pituitary or hypothalamic
origin).34 High levels of thyroxine crossing the placenta bar-
rier, feedback to the fetus pituitary with suppression of fetal
pituitary TSH. The diagnosis is made in the presence of low
FT4 and normal or low TSH in cord blood. This is another
complication easily avoidable with proper management of
maternal hyperthyroidism.

Hypothyroidism
The incidence of maternal hypothyroidism is between 
0.19 and 2.5%.35 Subclinical hypothyroidism (normal FT4 and
elevated TSH) is more often encountered than clinical
hypothyroidism (low FT4 and elevated TSH). Mild elevations
in serum TSH are frequently detected in hypothyroid women
on thyroid replacement therapy soon after conception because
of the increased demand for thyroid hormones in the first
weeks of gestation.11

The two most common etiologies of primary hypothy-
roidism are autoimmune thyroiditis (Hashimoto’s or chronic
thyroiditis) and post-thyroid ablation therapy, surgical or 131I
induced.

As in the case of hyperthyroidism, the most common com-
plication in hypothyroid pregnant women are PIH, prematurity
and low birth weight. No significant complications were seen
in those women achieving euthyroidism before 24 weeks’
gestation.36–38

The impact of maternal hypothyroidism on the intellec-
tual development of the offspring has been the subject of sev-
eral studies.7,39 In the study by Haddow et al.7 children born of
mothers with mild elevations of serum TSH, measured
between 16 and 18 weeks’ gestation, were studied at age 7–9.
They reported a four-point decrease in IQ score on the
Wechsler Intelligence Scale for Children for the whole 
group; a seven-point was reported in children whose mothers
were not teated and in 19% of them the IQ score was less 
than 85.

Levothyroxine, or L-thyroxine, is the drug of choice for the
treatment of hypothyroidism. In view of the complications
mentioned above, it is important to normalize thyroid tests.
An initial daily dose of 100–150 µg of levothyroxine is well 
tolerated by the majority of young hypothyroid patients. In
those with severe hypothyroidism, there is a delay in the nor-
malization of serum TSH, but normal serum FT4 or FT4I
values are achieved in the first 2 weeks of therapy. The main-
tenance dose required for most patients is between 100 and
250 µg of levothyroxine per day. Higher doses may be required
for patients after total thyroidectomy for thyroid carcinoma,
since the goal in these cases is low values or suppression of
serum TSH.

Patients on thyroid therapy before conception should 
have their TSH checked on their first visit and the amount
of levothyroxine adjusted accordingly. The serum TSH should
be repeated every 4–6 weeks during the first 20 weeks, at
24–28 weeks and at 32–34 weeks gestation. Increase in thyroid
requirements is seen in about 20–30% of patients in the
second half of pregnancy. Immediately after delivery, they
should return to pre-pregnancy dosage. Iron and calcium
tablets taken at the same time with levothyroxine interfere in
its absorption. Therefore it is recommended to be taken 2 h
apart, preferably with an empty stomach.

Single nodule of the thyroid gland
Nodular thyroid disease is clinically detectable in 10% of preg-
nant women. In most cases, it is discovered during the first
routine clinical examination or detected by the patient herself.
The chances for a single or solitary thyroid nodule to be
malignant are between 5 and 10%, depending on risk factors
such as previous radiation therapy to the upper body, rapid
growth of a painless nodule, patient age, and family history of
thyroid cancer. Papillary carcinoma accounts for almost
75–80% of malignant tumors, and follicular neoplasm for
15–20%; a few percent are represented by medullary thyroid
carcinoma. There is a paucity of information in the literature
regarding the management and timing of the work-up in the
presence of thyroid nodularity.40,41 It is generally agreed that
elective surgery should be avoided in the first trimester and
after 24 weeks’ gestation because of the potential risks of spon-
taneous abortion and premature delivery, respectively.

A hard, painless nodule, measuring more than 2 cm in
diameter, is suspicious of malignancy. High-resolution real-
time ultrasound is very helpful in defining the size of the
lesion, characterizing the dominant one, and identifying
microcalcifications suspicious for either papillary or medullary

348 Thyroid diseases in pregnancy

9780415426206-Ch46  11/29/07  4:22 PM  Page 348



thyroid carcinoma. Fine-needle aspiration biopsy is routinely
used for diagnostic purposes.

In a retrospective study, a conservative approach to the
management of a single thyroid nodule was recommended.42

In the study, 61 women were pregnant at the time of the 
diagnosis of a differentiated thyroid carcinoma. The diagnosis
was papillary cancer in 87% of them and follicular cancer in
13%. Fourteen women were operated on during pregnancy,
whereas the other 47 women underwent surgical treatment
1–84 months after delivery. The outcome was compared with
a group of 598 nonpregnant women matched for age. The
median follow-up was 22.4 years as compared with 19.5 years
in the nonpregnant group. Treatment and outcome were sim-
ilar in both groups, those operated on during pregnancy and
those in whom thyroidectomy was performed postpartum.
The authors concluded that both diagnostic studies and initial
therapy might be delayed until after delivery in most patients.

In the presence of a single thyroid nodule detected on phys-
ical examination, the following approach is recommended in
our institution (Figure 46.2).

The above protocol has been used in our institution for
many years. In view of a recent publication discussed previ-
ously,42 it is imperative for the physician to discuss the differ-
ent therapeutic options with the patient and her family. The
anxiety of the patient and her family, and their wishes should
be considered in making the final decision. The long-term
prognosis of most thyroid cancers is exceptionally good, but
patients should be followed for many years.

Chronic autoimmune thyroiditis
(Hashimoto’s thyroiditis)
Chronic autoimmune thyroid disease is more common in
women with other autoimmune diseases, particularly Type 1
diabetes. The prevalence of positive TPO antibodies in women
of childbearing age is between 3- and 5-fold higher in Type 1
diabetes.43

The clinical picture is characterized by the presence of a
goiter, moderate in size, bilateral in most cases, with one lobe

larger than the other, firm, rubbery consistency, and moving
freely on swallowing. It is painless, although rapid growth of
the gland may elicit some tenderness on palpation. Absence of
goiter (atrophic thyroiditis) may be present in 30% of patients

The importance of diagnosing chronic thyroiditis in
women of childbearing age relates to the potential maternal
and fetal complications. Women with chronic thyroiditis are
at higher risk for spontaneous abortion, development of
hypothyroidism for the first time in pregnancy, premature
delivery and postpartum thyroiditis.44

Negro et al.13 recently studied a group of euthyroid women
with chronic thyroiditis early in pregnancy. Of 984 pregnant
women, 11.7% were TPO antibody positive. Fifty-seven of these
women were treated with levothyroxine throughout gestation
(0.5 µg/kg daily for a TSH less than 1.0 mIU/L, 0.75 µg/kg for
TSH between 1.0 and 2.0 mIU/L and 1 µg/kg for TSH higher
than 2 mIU/L or TPO titer exceeding 1500 kIU/L). Seventy-nine
percent of patients started the treatment by the 12th week of
gestation. Fifty-eight women received no treatment. The mean
serum TSH in both groups by 10 weeks gestation was 1.6 ± 0.5
in the treated group and 1.7 ± 0.5 in the untreated one. The
TSH value was significantly different than a group of pregnant
women with negative antibodies (1.1 ± 0.4) When compared to
the untreated women, the incidence of miscarriage and prema-
ture delivery (less than 37 weeks gestation) was significantly
decrease in the treated mothers. This is the first study showing
a beneficial therapeutic effect of levothyroxine therapy in euthy-
roid women with chronic thyroiditis.

In a very small subset of women with chronic thyroiditis,
particularly those without a goiter (atrophic form), antibodies to
the TSH receptor with blocking capabilities are present
(TRBAb). These antibodies cross the placenta, and at high titers
may block the action of TSH in the fetal thyroid, causing tran-
sient congenital hypothyroidism, which occurred in 1 of 180,000
live births. The neonatal disease resolves spontaneously over 
3–6 months as the maternal antibody is degraded.45

Universal screening vs. case-finding
cases
Universal vs. case-finding case screening for thyroid disease in
pregnancy is controversial.46 Those women at risk (Box 46.2)
should be screened before or early in pregnancy, with the
determination of serum TSH and TPOAb. If the serum TSH is
elevated a free thyroxine tests should be added. In a recent
publication, 40 women out of 1560 consecutive pregnant
women (2.6%) had an elevated serum TSH, and 70% of them
were in the high-risk group, while 30% of them had no risk
factors based on medical history. This study along with a pre-
vious one7 appears to support universal thyroid screening
early in pregnancy.

Postpartum thyroid dysfunction
Thyroid dysfunction, hyper- and hypothyroidism, affects 5–10%
of women in the 12 months following delivery, or following
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spontaneous or medically induced abortions.48 Most of the
cases are due to intrinsic thyroid disease, with a few due to
hypothalamic or pituitary lesions Patients with autoimmune
thyroid disease, chronic thyroiditis, and Graves’ disease are
most frequently affected.

The clinical diagnosis is not always obvious and the clini-
cian should be concerned about nonspecific symptoms such
as tiredness, fatigue, depression, palpitations, and irritability
in women following the birth of their child or a miscarriage or
abortion. Fatigue is the most common complaint. In some
cases, the clinical symptoms resemble the syndrome of post-
partum depression. Indeed, thyroid antibodies have been
found more frequently in euthyroid women with postpartum
depression, but this is still a controversial issue.

Postpartum thyroiditis rarely develop in women with neg-
ative antibodies.47 In about one-third of the cases, mild symp-
toms of hyperthyroidism develop between 2 and 4 months
postpartum. A goiter is felt in the majority of cases, firm and
nontender to palpation. Thyroid tests are in the hyperthyroid
range and thyroid antibodies, anti-TPO antibody titers, are
elevated. Spontaneously, without specific therapy, hyperthy-
roidism resolves, followed in a few weeks by hypothyroidism,
with spontaneous recovery and return to a euthyroid state by
7–12 months following delivery. Antibody titers have a ten-
dency to increase during this process, and a change in the size
of the goiter is usually noted. In a few patients, permanent
hypothyroidism may develop. About 50% of patients, how-
ever, will develop permanent hypothyroidism within 5 years of
the diagnosis of PPT.49,50

In one-third of patients, the course of PPT is different,
characterized by an initial episode of hypothyroidism between
3 and 7 months postpartum without the initial hyperthyroid
phase. In the other one third of patients, the initial episode of
hyperthyroidism is followed by a return to normal thyroid
function.

Postpartum thyroid dysfunction may also occur in patients
with a known history of Graves’ disease.51 It is common for
women with Graves’ disease to have an exacerbation of their
symptoms in the first 2 months postpartum. The symptoms of
hyperthyroidism are more severe than those in patients 

with PPT. They may present with ophthalmopathy and hyper-
metabolic findings. Therapy with antithyroid medications is
needed in these cases. On the other hand, patients with
Graves’ disease may have a bout of hyperthyroidism secondary
to a concomitant episode of PPT. The differential diagnosis in
this situation is important, since the treatment is different. If
not contraindicated (breast-feeding mothers), a 4- or 24-h
thyroid radioactive iodine uptake (RAIU) is helpful. It will be
very low in patients with PPT, whereas it is high normal or ele-
vated in patients with recurrent hyperthyroidism due to
Graves’ disease. When it is due to recurrent Graves’ disease,
treatment with antithyroid medications is indicated, or the
physician may advise ablation therapy with 131I.

It is recommended that a diagnosis of PPT be considered
for any thyroid abnormality occurring within 1 year after
delivery or miscarriages.

Since most cases of postpartum thyroid dysfunction
recover spontaneously, treatment is indicated for sympto-
matic patients. In the presence of hyperthyroid symptoms,
β-adrenergic-blocking drugs (propranolol 20–40 mg every 6 h
or atenolol 25–50 mg every 24 h) are effective in controlling
the symptoms. Antithyroid medications are not effective,
because the hyperthyroxinemia is secondary to the release of
thyroid hormones due to the acute injury to the thyroid 
gland (destructive hyperthyroidism). For hypothyroid symp-
toms, small amounts of levothyroxine 0.050 mg/day will 
control symptoms, allowing for a spontaneous recovery of
thyroid function after discontinuation of the drug. PPT may
recur in future pregnancies, with a recurrence rate between 
30 and 70%.48

In view of the potential pregnancy complications seen in
women with chronic thyroiditis, it is advisable for them to
continue with Thyroxine therapy during their childbearing
age, even if thyroid tests returned to normal after discontinu-
ation of L-thyroxine therapy.

Acknowledgment
The author wishes to thank Elsa C. Ahumada for her secretarial
assistance.

350 Thyroid diseases in pregnancy

REFERENCES

1. Glinoer D. The regulation of thyroid function during normal preg-
nancy: importance of the ioding nutrition status. Best Pract Res Clin
Endocrinol Metab 2004; 18: 133–52.

2. Glinoer D. Iodine nutrition requirements during pregnancy. Thyroid
2006; 16: 947–8.

3. Thorpe-Beeston JG, Nicolaides KH, Felton CV, et al. Maturation of the
secretion of thyroid hormone and thyroid stimulating hormone in the
fetus. N Engl J Med 1991; 324: 532.

4. Contempre B, Jauniaux E, Calvo R, et al. Detection of thyroid hor-
mones in human embryonic cavities during the first trimester of preg-
nancy. J Clin Endocrinol Metab 1993; 77: 1719.

5. Vulsma T, Gons MH, DeVijlder JJM. Maternal fetal transfer of thyrox-
ine in congenital hypothyroidism due to a total organification defect
or thyroid agenesis. N Engl J Med 1989,321: 13.

6. Iskaros J, Pickard M, Evans I, et al. Thyroid hormone receptor gene
expression in first trimester human fetus brain. J Clin Endocrinol
Metab 2000; 85: 2620.

7. Haddow JE, Palomaki GE, Allan WC, et al. Maternal thyroid defi-
ciency during pregnancy and subsequent neuropsychological devel-
opment of the child. N Engl J Med 1999; 341: 549.

8. Spencer C, Lee R, Kazarosyan M, et al. Thyroid reference ranges in
pregnancy: Studies on an iodine sufficient cohort [Abstract]. Thyroid
2005; 15(suppl. 1): S16.

9. McKenzie JM, Zakarija M. Fetal and neonatal hyperthyroidism and
hypothyroidism due to maternal TSH receptor antibodies. Thyroid
1992; 2: 155.

10. Vaidya B, Anthony S, Bilous M, et al. Detection of thyroid dysfunc-
tion in early pregnancy: universal screening or targeted high-risk
case finding? J Clin Endocrinol Metab 2007; 92: 203–7.

11. Alexander EK, Marqusee E, Lawrence J, et al. Timing and 
magnitude of increases in levothyroxine requirements during preg-
nancy in women with hypothyroidism. N Engl J Med 2004; 351:
241–9.

12. Schlumberger M, Vathaire F, Ceccarelli C, et al. Exposure to radioac-
tive iodine 131 for scintigraphy or therapy does not preclude preg-
nancy in thyroid cancer patients. J Nucl Med 1996; 37: 606.

13. Negro R, Formoso G, Mangieri T, et al. Levothyroxine treatment in
euthyroid pregnant women with autoimmune thyroid disease:
effects of obstetrical complications. J Clin Endocrinol Metab 2006;
91: 2587–9.

9780415426206-Ch46  11/29/07  4:22 PM  Page 350



14. Morreale de Escobar G, Obregon MJ, Escobar del Rey F. Maternal
thyroid hormones early in pregnancy and fetal brain development.
Best Pract Res Clin Endocrinol Metab 2004; 18: 225–48.

15. Perelman AH, Johnson RL, Clemons RD, et al. Intrauterine diagnosis
and treatment of fetal goitrous hypothyroidism. J Clin Endocinrol
Metab 1990; 71: 618.

16. Mestman JH. Hyperthyroidism in pregnancy. Best Pract Res Clin
Endocrinol Metab 2004; 18: 267–88.

17. Goodwin TM, Montoro MN, Mestman JH. Transient hyperthyroidism
and hyperemesis gravidarum: clinical aspects. Am J Obstet Gynecol
1992; 167: 648.

18. Millar LK, Wing DA, Leung AS, et al. Low birth weight and
preeclampsia in pregnancies complicated by hyperthyroidism.
Obstet Gynecol 1994; 84: 946.

19. Bell GO, Hall J. Hyperthyroidism in pregnancy. Med Clin North Am
1960; 44: 363.

20. Momotani N, Noh J, Oyangi H, et al. Antithyroid drug therapy for
Graves’ disease during pregnancy: optimal regimen for fetal thyroid
status. N Engl J Med 1986; 315: 24.

21. Johnsson E, Larsson G, Ljunggren M. Severe malformations in infants
born to hyperthyroid mothers on methimazole. Lancet 1997; 350:
1520.

22. Wing DA, Miller LK, Koonings PP. A comparision of propylthiouracil
versus methimazole in the treatment of hyperthyroidism in preg-
nancy. Am J Obstet Gynecol 1994; 170: 90.

23. Cooper DS. Propylthiouracil levels in hyperthyroid patients unre-
sponsive to large doses. Ann Intern Med 1985; 192: 328.

24. Momotani N, Noh JY, Ishikawa N, et al. Effects of propylthiouracil
and methimazole on fetal thyroid status in mothers with Graves’
hyperthyroidism. J Clin Endocrinol Metab 1997; 82: 3633.

25. Cooper DS, Golminz D, Levin AA, et al. Agranulocytosis associated
with antithyroid drugs: effects of patient’s age and drug dose. Ann
Intern Med 1983; 98: 26.

26. Bruner J, Landon MB, Gabbe SG. Diabetes mellitus and Graves’ dis-
ease in pregnancy complicated by maternal allergies to antithyroid
medication. Obstet Gynecol 1988; 72: 443.

27. Stoffer SS, Hamburger JI. Inadvertent 131I therapy for hyperthy-
roidism in the first trimester of pregnancy. J Nucl Med 1976; 17:
146.

28. Polak M, Le Gac I, Vuillard E, et al. Fetal and neonatal thyroid func-
tion in relation to maternal Graves’ disease. Best Pract Res Clin
Endocrinol Metab 2004; 18: 289–302.

29. Azizi F, Khoshniat M, Bahrainian M, Hedayati M. Thyroid function
and intellectual development of infants nursed by mothers taking
methimazole. J Clin Endocrinol Metab 2000; 85: 3233–8.

30. Peleg D, Cada S, Peleg A, Ben-Ami M. The relationship between
maternal serum thyroid stimulating immunoglobulin and fetal and
neonatal thyrotoxicosis. Obstet Gynecol 2002; 99: 1040–3.

31. Kopp P, Van Sande J, Parma J, et al. Brief report: congenital hyperthy-
roidism caused by a mutation in the thyrotropin receptor gene. N
Engl J Med 1995; 322; 150.

32. Zimmerman D. Fetal and neonatal hyperthyroidism. Thyroid 1999;
9: 727.

33. Nachum Z, Rakover Y, Weiner E, Shalev E. Graves’ disease in preg-
nancy: prospective evaluation of a selective invasive treatment pro-
tocol. Obstet Gynecol 2003; 189: 159–65.

34. Kempers MJE, van Tijn DA, van Trotsenburg ASP, et al. Central con-
genital hypothyroidism due to gestational hyperthyroidism: detec-
tion where prevention failed. J Clin Endocrinol Metab 2003; 88:
5851–7.

35. Mandel SJ. Hypothyroidism and chronic autoimmune thyroiditis in
the pregnant state: maternal aspect. Best Pract Res Clin Endocrinol
Metab 2004; 18: 213–24.

36. Davis LE, Leveno KJI, Cunningham FG. Hypothyroidism complicat-
ing pregnancy. Obstet Gynecol 1988; 72: 108.

37. Leung AS, Millar LK, Koonings PP, et al. Perinatal outcome in
hypothyroid pregnancies. Obstet Gynecol 1993; 81: 349.

38. Abalovich M, Gutierrez S, Alcaraz G, et al. Overt and subclinical
hypothyroidism complicating pregnancy. Thyroid 2002; 12: 63–8.

39. Poop VJ, Brouwers EP, Vader HI, et al. Maternal hypothyroxinemia
during early pregnancy and subsequent child development: a 3 year
follow up study. Clin Endocrinol (Oxf) 2003; 59; 282–8.

40. Doherty CM, Shindo ML, Rice DH, et al. Management of thyroid
nodules during pregnancy. Laryngoscope 1995; 105: 251.

41. Rosen IB, Korman M, Walfish CM. Thyroid nodular disease in preg-
nancy: current diagnosis and management. Clin Obstet Gynecol
1997; 40: 81–9.

42. Moosa M, Mazzaferri EL. Outcome of differentiated thyroid cancer
diagnosed in pregnant women. J Clin Endocrinol Metab 1997; 82:
2862.

43. Stagnaro-Green A. Postpartum thyroiditis. Best Pract Res Clin
Endocrinol Metab 2004; 18: 303–16.

44. Abramson J, Stagnaro-Green A. Thyroid antibodies and fetal loss: an
evolving story. Thyroid 2001; 11: 57–63.

45. Brown RS, Bellisario RL, Botero D, et al. Incidence of transient 
congenital hypothyroidism due to maternal thyrotropin receptor-
blocking antibodies in over one million babies. J Clin Endocrinol
Metab 1996; 81: 1147–51.

46. Casey BM. Subclinical hypothyroidism and pregnancy. Obstet
Gynecol Sur 2006; 61: 415.

47. Nicholson WK, Robinson KA, Smallridge RC, Ladenson PW, Powe NR.
Prevalence of postpartum thyroid dysfunction: a quantitative review.
Thyroid 2006; 16: 573–82.

48. Alvarez-Marfany M, Roman SH, Drexler AJ, et al. Long term
prospective study of postpartum thyroid dysfunction in women with
insulin dependent diabetes mellitus. J Clin Endocrinol Metab 1994;
79: 10.

49. Kuipens JL, Pop VJ, Vader HL, et al. Prediction of postpartum thyroid
dysfunction: can it be improved? Eur J Endocrinol 1998; 139: 36.

50. Premawardhana LDKE, Parkes AB, Ammari F, et al. Postpartum thy-
roiditis and long term thyroid status prognostic influence of thyroid
peroxidase antibodies and ultrasound echogenicity. J Clin
Endocrinol Metab 2000; 85: 71.

51. Momotani N, Noh J, Ishikawa N, et al. Relationship between silent
thyroiditis and recurrent Graves’ disease in the postpartum period. J
Clin Endocrinol Metab 1994; 79: 285.

References 351

9780415426206-Ch46  11/29/07  4:22 PM  Page 351



352

Introduction
An estimated 0.1–0.5% of all pregnancies are complicated by
maternal pre-gestational diabetes mellitus (Types 1 and 2)
and another 1–5% by gestational diabetes (carbohydrate
intolerance first recognized during pregnancy).1,2 The 1988
National Maternal and Infant Health Survey3 reported a 4%
rate of live-birth diabetic pregnancies: 88% gestational dia-
betes, 8% pre-gestational Type 2 (noninsulin-dependent) and
4% pre-gestational Type 1 (insulin-dependent).

One of the major goals of the Saint Vincent Declaration
for Diabetes Care and Research in Europe4 was to achieve a
pregnancy outcome in diabetic women close to that in non-
diabetic women. Thanks to advances in obstetric and neona-
tologic care, the perinatal mortality and neonatal morbidity
associated with diabetic pregnancy have been significantly
reduced. However, maternal diabetes still poses numerous
metabolic, hematologic and anatomic risks to fetus and new-
born (Table 47.1).1,2,5 Their short-term implications during
the first days after birth are discussed in detail in this chapter
from a neonatological point of view. Macrosomia and con-
genital malformations are discussed in separate chapters.

It should be emphasized that the reported prevalence of
short-term neonatal complications of maternal diabetes (pre-
gestational or gestational) varies among different studies,
mostly because of the lack of control of confounding vari-
ables, such as gestational age, maternal age, parity and body
mass index (BMI).6 Comparative evaluations are further
impeded by differences in ethnic origin and socioeconomic
status of the study samples, differences in diagnostic criteria,
and the type and intensity of interventions during pregnancy.6

Neonatal hypoglycemia
Definition
The definition of neonatal hypoglycemia has changed over
the last 20 years and still remains elusive. There is no
accepted threshold for plasma glucose concentration below
which neurologic impairment or injury is inevitable. The
cutoff of 44 mg% (2.6 mmol/L) is now currently used as 
the working definition.7–9 This ‘operational threshold’9 is not
a diagnosis of a disease, but an indication for action.

Prevalence
The reported prevalence of neonatal hypoglycemia in diabetic
pregnancy varies because of variations in the definition of the
disorder; this is in addition to differences in methods of glucose
examination, maternal control of diabetes during pregnancy
and labor, and neonatal treatment, particularly feeding. It is 
not surprising in the light of these great variations that 
the previous figures for neonatal hypoglycemia in infants of
diabetic mothers (IDM) have only historical significance.
During the last 10 years, in well-controlled diabetic mothers
and using the ‘operational definition’ of neonatal hypoglycemia,
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Table 47.1 Effects of maternal diabetes on fetus 
and neonate

Period of exposure Effects

1st trimester (embryo) 1. Spontaneous abortions
embryogenesis 2. Early growth delay

3. Congenital malformations

2nd and 3rd trimester (fetus) 1. Macrosomia
2. Organomegaly
3. CNS development delay
4. Chronic hypoxemia
5. Stillbirth

Delivery 1. Preterm birth
2. Birth injury

Neonate Metabolic
1. Hypoglycemia
2. Hypocalcemia
3. Hypomagnesemia
4. Other metabolic disorders

Hematologic
5. Polycythemia
6. Hyperbilirubinemia
7. Other hematologic

anatomic disorders;
8. Macrosomia
9. Respiratory distress 

syndrome
10. Vascular thrombosis
11. Transient disorders
12. Congenital malformations
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the prevalence of early neonatal hypoglycemia was still high,
particularly in those mothers who were long-standing diabetics.
In 2000, Agrawal et al.10 reported 47% prevalence, but they used
a threshold of only 2 mmol/L (c. 34 mg%). Cordero et al1 noted
a 47% prevalence in macrosomic IDM (Type 1) but only 20%
in non-macrosomic infants. In infants of gestational diabetes
mothers (IGDM), the rate is c. 25%,10 although some estimates
are as high as 40%.11 In the present authors’ population, neona-
tal hypoglycemia was found in 26.3% of infants whose diabetic
mothers maintained strict glycemic control throughout preg-
nancy and delivery.

Risk factors
The degree of neonatal hypoglycemia in IDM is affected by
several maternal and neonatal factors. Early postnatal blood
glucose concentrations have been negatively correlated with
maternal blood glucose concentrations at delivery and to cord
plasma glucose levels. Hypoglycemia did not occur when the
maternal blood glucose at delivery was less than 7.1 mmol/L
(c. 120 mg%).6 Maternal glycemic control during labor and
delivery is also important: early postnatal hyperglycemia has
been described in infants whose nondiabetic mothers received
i.v. glucose during labor.6 Neonatal risk factors include perina-
tal distress, small for gestational age, polycythemia, and indi-
vidual susceptibility.

Etiology
The most accepted explanation for the development of neona-
tal hypoglycemia in IDM is the Pedersen hypothesis or the
maternal hyperglycemia–fetal hyperinsulinemia theory.5 This
hypothesis claims that even in women under close observa-
tion, the episodic diurnal hyperglycemia characteristic of dia-
betes is the major factor predisposing the fetus to
hyperglycemia because of the direct relationship between the
maternal and fetal blood glucose concentrations. The fetal
hyperglycemia stimulates the release of insulin by fetal islet
cells, giving rise to persistent fetal hyperinsulinemia. After
birth, the hyperinsulinemia and inadequate or absence of glu-
cose intake lead to neonatal hypoglycemia. Fetal hyperinsu-
linemia is also associated with suppression of plasma
free-fatty-acid levels and hepatic glucose output.

The Pedersen hypothesis has been extended by Freinkel12

who has examined the role of other nutrients that provide a
substrate mixture for the fetus. Freinkel12 introduced the con-
cept of ‘pregnancy as a tissue culture experience’, proposing that
the placenta and the fetus develop in an ‘incubation medium’
that is totally derived from maternal fuels. All these fuels (glu-
cose, amino acids, lipids) transverse the placenta in a concentra-
tion-dependent fashion and thus delimit the ‘incubation
medium’ in the fetal circulation. Since all these constituents are
regulated by maternal insulin, disturbances in its supply or
action will influence the whole nutrient composition to which
the fetus is exposed and may lead to fetal hyperinsulinemia.

Other hormones may also play a role. Defective counteregula-
tion by catecholamines and/or glucagon (i.e. failure of their release
in response to hypoglycemia) results in both increased glucose
clearance and diminished glucose production. These, together

with the hyperinsulinemia, decrease hepatic production of glu-
cose, increase peripheral glucose uptake, and impair lipolysis,
resulting in hypoglycemia in the neonate.

Clinical manifestations
The clinical manifestations of neonatal hypoglycemia in
IDM and IGDM are not specific, and there is no pathogno-
monic sign. Symptoms may be neurologic (tremor, jitteri-
ness, high-pitched cry, eye-rolling, convulsions), respiratory
signs (cyanosis, tachypnea, apnea), cardiac-related (tachycar-
dia, cardiomegaly, cardiac failure), digestive (refusal to feed),
or metabolic (hypothermia, sweating), alone or in combina-
tion. However, many infants, even those with very low
plasma glucose levels, are asymptomatic, probably because of
the initial brain glycogen stores, although the exact biochem-
istry is still unclear. The characteristics of neonatal hypo-
glycemia in IDM are: very early onset (first hour after birth);
generally asymptomatic, non-recurrent and good response
to i.v. glucose.9 However, some cases have been reported even
after the first 24 h.13

There is no well-defined method for predicting which new-
borns will have severe hypoglycemia, so all IDM and IGDM
must be screened after birth. Blood glucose concentrations
should be determined by laboratory measures (stick or glu-
cometer is not reliable for newborns) at 1, 2 and 4 h after birth
and then again before feeding until stabilization.

Complications
Early diagnosis and prompt and adequate therapy are essential
to prevent the late consequences of severe neonatal hypo-
glycemia in IDM. Studies in both animals and humans clearly
show that severe, prolonged neonatal hypoglycemia leads to
acute neurologic injury, often with permanent sequelae. The
neuropathological findings in hypoglycemic brain damage
include acute degeneration of neurons and glia cells through-
out the cerebral cortex and especially the occipital lobes.14 The
damage involves layers 2 and 3 (in contrast to ischemia, which
usually affects pyramidal cells in laminae layers 3 and 5–6).15

On computed tomography (CT) and magnetic resonance
imaging (MRI), extensive cerebral loss can be seen, most
marked in the occipital regions (in contrast to
hypoxic–ischemic injuries, in which parasagittal ‘watershed’
areas are more evident in the frontal and parieto-occipital
regions). Long-term follow-up data are still lacking on IDM in
general and asymptomatic hypoglycemic infants in particular.
No specific late central nervous system complications have
been directly attributed to neonatal hypoglycemia in IDM.

Treatment
The key to the management and treatment of neonatal hypo-
glycemia is prevention. Feeding should begin as soon as possi-
ble after birth. Breast feeding is preferred; for infants with
poor sucking, gavage feeding should be provided. If after the
initial oral feeding, glucose levels remain <44 mg%, or if
the infant is mildly symptomatic, i.v. infusion of glucose 10%
(6–8 mg/kg/min) should be started. More severe symptomatic
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neonatal hypoglycemia is treated with infusion of
2 mL/kg/glucose 10% as a bolus administered slowly over a
period of 2–4 min, followed by continuous i.v. infusion of glu-
cose 10% (6–8 mg/kg/min). If hypoglycemia persists, higher
rates of glucose administration (8–12 mg/kg/min) may be
necessary. Once the plasma glucose level stabilizes above 44
mg%, the infusion may be slowly decreased while oral feeding
is increased. A prompt response to therapy is good evidence
that the hypoglycemia was indeed the cause of the symptoms.

In a few newborns, when the first-line treatment (early
feeding and i.v. glucose) is not sufficient, hormonal treatment
with either glucocorticoids, hydrocortisone or glucagon may
be started.9

Neonatal hypocalcemia
Definition and prevalence
Hypocalcemia is defined as a serum level of calcium below 
8 mg% in the full-term infant and below 7 mg% in the preterm
infant, or an ionized calcium level below 0.75–1.1 mmol/L
(c. 3–4 mg%). Hypocalcemia occurs frequently in IDM and
IGDM, even accounting for perinatal distress, such as asphyxia
and/or premature delivery.16 However, the reported rate of
50% for IDM and 10–20% for IGDM in the first 3 days of life
were published before tight glucose control in diabetic preg-
nancy became the accepted policy. Studies have since shown
that the frequency and severity of neonatal hypocalcemia is
directly related to the severity of the maternal diabetes,17 and
that the rate can be reduced with strict glycemic control.18

Risk factors
Acidosis requiring bicarbonate correction, pregnancy-
induced hypertension and oral glucose administration are all
potential risk factors for hypocalcemia in IDM.

Etiology
Several explanations for alterations in calcium homeostasis in
IDM have been suggested.

Prolonged functional hypoparathyroidism
Prolonged functional hypoparathyroidism was proposed as
the main explanation for hypocalcemia in IDM. As a result,
there is a failure of an appropriate rise in parathyroid hor-
mone (PTH) concentrations in response to hypocalcemia.
PTH concentrations are significantly lower in IDM than in
infants of nondiabetic mothers during the first 4 days of life,
and therefore the PTH response to hypocalcemia occurs later,
in the third or fourth day of life.

Hypomagnesemia
Hypomagnesemia may be another explanation for hypocal-
cemia. It has been suggested that the glucosuria-induced loss in
maternal urinary magnesium and the resulting magnesium
deficiency in both mother and fetus, inhibits PTH secretion
and leads to hypocalcemia.17 Pregnant diabetic women had sig-
nificantly lower serum magnesium concentrations throughout

pregnancy than nondiabetic women. Also, lower whole blood
ionized magnesium concentrations in hypocalcemic infants of
gestational diabetic mothers was demonstrated.19

Physicochemical reaction to hyperphosphatemia
Another mechanism that may be at least partially responsible for
hypocalcemia is the physicochemical reaction to hyperphos-
phatemia during the initial 48 h after birth. The intense postnatal
erythrocyte breakdown increases the serum level of phosphate,
which in turn, decreases the calcium ion concentration by their
combination and bone deposition, a process made possible by the
inadequate postnatal parathyroid gland response.20

High levels of calcitonin
Persistently high levels of calcitonin after birth, possible alter-
ations in vitamin D metabolism and anomalies related to
PTH-related protein may also contribute to the complex
mechanism of hypocalcemia in IDM.

Clinical manifestations
Clinically, hypocalcemia usually presents between 24 and 72 h
after birth. The minimum calcium level is reached at about the
end of the first day (22–26 h). In general, hypocalcemia is
asymptomatic and self-limited. Symptomatic IDM have a high
frequency of neuromuscular signs, such as tremor, jitteriness,
hyperirritability, hypertonicity, hoarse cry, clonus, and also
convulsions.

Treatment
Treatment consists of the administration of calcium gluconate
10% per os (0.5–1 g/kg/day) divided into four to six doses. Infants
who received glucose infusion for correction of hypoglycemia
may be treated with a slow infusion of calcium gluconate 10%
(500 mg/kg/day). For more severe symptoms, MgSO4 i.m. is used.
However, in a randomized, controlled trial, Mehta et al.21 demon-
strated that the administration of MgSO4 i.m. to infants of
well-controlled diabetic mothers with a cord magnesium level 
of <1.8 mg/dL does not reduce the incidence of neonatal hypocal-
cemia. If promptly and correctly treated, IDM with hypocalcemia
have a good prognosis, even those with convulsions.

Neonatal hypomagnesemia
Definition and prevalence
Neonatal hypomagnesemia is defined as a serum magnesium
level of less than 1.5 mg/dL (0.62 mmol/L). The frequency and
severity of neonatal hypomagnesemia is correlated with the
maternal status. A prevalence of up to 37.5% was reported
before tight control of maternal diabetes was instituted,22 and
recent figures are much lower.

Etiology
Tsang et al.22 observed that decreased serum magnesium in IDM
is associated with decreased maternal serum magnesium (due to
an increase in renal loss secondary to diabetic glycosuria), in
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addition to decreased neonatal ionized and total calcium,
increased serum phosphate, and decreased parathyroid func-
tion. In the diabetic pregnancy, the amniotic fluid magnesium
concentrations (which reflect mainly the fetal urine) are signifi-
cantly lower than in nondiabetic pregnancy,23 which demon-
strates a state of fetal magnesium deficiency. The fetal
hypomagnesemia, in turn, suppresses parathyroid activity,
thereby also inducing hypocalcemia.

Clinical manifestations
The clinical manifestations of neonatal hypomagnesemia in
IDM (onset first 3 days of life) are similar to those of hypocal-
cemia and consist mostly of neuromuscular hyperexcitability
(tremor, jitteriness, hyperactivity, hypertonicity, and seizures).
However, decreased serum magnesium alone or with
decreased ionized or total calcium did not correlate with neu-
romuscular irritability in these infants. The lack of correlation
of these clinical signs with serum levels of magnesium sug-
gests that jitteriness may not be related to hypomagnesemia in
IDM. The long-term potential deleterious effects of hypomag-
nesemia are also unknown.

Treatment
The treatment of hypomagnesemia consists of the administra-
tion of MgSO4 i.m. at a dose of 0.2 mL/kg for 2 to 3 days, with
close monitoring of serum magnesium levels. Maintenance ther-
apy consists of MgSO4 25% per os at a dose of 0.25 mL/kg/day,
diluted to c. 10% concentration, with monitoring of stools 
(possible diarrhea).

Other metabolic disorders
In addition to disorders of fuel metabolism (glucose, free-fatty
acids, and amino acids), alterations in trace elements and vita-
mins status also occur in diabetic pregnancy. They are linked
to alterations in fetal growth and congenital malformations.

Hyperzincuria
Hyperzincuria is present in Type 1 diabetes. A linear relation-
ship between the magnitude of urinary zinc excretion and the
severity of diabetes has been established. However, hyperzin-
curia is not associated with lower plasma zinc levels.
Increased zinc absorption, decreased intestinal zinc excretion,
or increased tissue catabolism may account for this finding.
Studies in diabetic animals have demonstrated reductions in
total fetal body zinc concentrations, particularly in the liver,
which persisted despite maternal zinc supplementation
during pregnancy.24 The zinc deficiency resulted in a pattern
of malformations similar to that seen in human diabetic
pregnancy.

Chromium deficiency
Chromium deficiency is associated with Type 1 diabetes,
and increased chromium losses have been noted in diabetic

pregnancy. Treatment with chromium supplementation
improves glucose tolerance, insulin levels, and serum lipid
profiles. Chromium deficiency has been implicated in dia-
betic teratogenicity (via mediation of glycemic control) as
well as cardiovascular disease.24

Thiamin deficiency
Since thiamin plays a role in glucose metabolism, blood thi-
amin status was examined in gestational diabetic pregnancies
and the neonates.25 Thiamin hypovitaminemia was found in
19% of the 72 pregnancies despite vitamin supplementation
and treatment for gestational diabetes. All neonates born to
mothers with hypovitaminemia were also thiamin deficient.
However, all neonatal blood had significantly higher thiamin
concentration than gravidas. Cord blood from neonates born
to mothers treated with insulin had significantly higher thi-
amin concentration than other neonates in the study. Perhaps
increased thiamin supplementation during pregnancy seems
warranted to avoid metabolic stress in mother and fetus due to
thiamin hypovitaminemia.25

Neonatal polycythemia and
hyperviscosity
Definition and prevalence
Neonatal polycythemia is generally defined as a venous
hematocrit above 65%. When time of sampling is taken into
account, neonatal polycythemia is diagnosed when venous
hematocrit is >70% at age 2 h, >68% at 6 h, and >65% at
12–18 h.26 A venous hematocrit of =65% has been reported
in 20% of IDM26 and 5% of IGDM1 during the first days of
life. In a prospective study, Mimouni et al.27 reported a
prevalence of 29.4% in IDM after excluding possible con-
founding factors (site of blood sampling, time of sampling,
time of cord clamping, gestational age, mode of delivery and
asphyxia at birth).

Etiology
Several explanations for the development of neonatal poly-
cythemia in IDM and IGDM have been suggested.

Intrauterine hypoxemia
The main contributory factor is apparently the intrauterine
hypoxemia associated with diabetic pregnancy, which causes
an increase in erythropoietin production and, thereby, sec-
ondary high erythropoiesis. In a study of fetal blood samples
obtained by cordocentesis, Salvessen et al.28 noted signifi-
cantly higher levels of fetal plasma erythropoietin in IDM
than normal controls. There was a significant association
between fetal erythropoietin and erythroblast count, and
between erythroblasts and hemoglobin levels. Widness 
et al.29 reported a direct relationship between antepartum
maternal glucose control and fetal erythropoietin levels.
These authors also found that IDM have increased concen-
trations of plasma erythropoietin, which were correlated
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with glucose and insulin levels in the amniotic fluid and 
cord blood.

Placento-fetal blood distribution
Another explanation involves a change in placento-fetal
blood distribution. As a result of intrapartum hypoxia, there
is a shift in blood flow between the placental and fetal com-
partments, so that only 25% of the blood volume remains in
the placenta (instead of the usual 35%), with the remainder
going to the fetus. This mechanism has not yet been studied
in depth, but it is apparently associated with changes in
blood-vessel resistance.

Decrease in fetal erythrocyte deformability
Blood viscosity in IDM may be affected by a decrease in fetal
erythrocyte deformability due to the different metabolic and
hormonal conditions in these babies. This hypothesis has not
yet been confirmed.

Clinical manifestations
Clinically, neonatal polycythemia may present as erythro-
cyanosis, cardiorespiratory and neurological signs, alone or in
combination. In symptomatic infants, neurological signs (jit-
teriness, irritability, hypertonicity, seizures) and cardiorespi-
ratory signs (tachypnea, cyanosis, respiratory distress,
tachycardia, cardiomegaly) are predominant. However, many
infants are asymptomatic. The main pathophysiologic prob-
lem in neonatal polycythemia is hyperviscosity which, in
IDM, leads to decreased blood perfusion, sludging of ery-
throcytes, and increased platelet aggregation – all factors
associated with the formation of intravascular thrombi. As a
result, vascular thromboses occur in various places in the
body: brain, retina, heart, lungs, kidneys (renal vein throm-
bosis), adrenal glands, mesenteric (necrotizing enterocolitis)
and peripheral vessels.

Treatment
Treatment of neonatal polycythemia (symptomatic or venous
hematocrit >70%) consists of partial dilutional exchange
transfusion with albumin 5% or saline. It should be adminis-
tered as early as possible (preferably 2–4 h after birth) and with
an adequate quantity of albumin or saline to quickly reduce the
hematocrit and blood viscosity. There is an urgent need for a
double-blind, randomized, controlled study to establish the
still-controversial indications for dilutional exchange transfu-
sion in asymptomatic polycythemia and to determine if early
diagnosis and treatment prevent serious sequelae later in life.

Neonatal hyperbilirubinemia
Definition and prevalence
Neonatal hyperbilirubinemia is defined as a total serum
bilirubin level greater than 12 mg/dL (205 mmol/L). Indirect
neonatal hyperbilirubinemia develops in 20–25% of IDM.
The risk is much higher in IDM and IGDM than in infants of
nondiabetic mothers.

Etiology
The pathogenesis of neonatal hyperbilirubinemia remains
uncertain, although a number of determinant and contribu-
tory factors have been suggested. Determinant factors are:

● Increased hemoglobin catabolism and, as a result, increased
bilirubin production. It was demonstrated that in IDM,
carbon monoxide production is increased as a result of
increased hemoglobin breakdown and bilirubin production.30

● The increased rate of erythrocyte breakdown in IDM is
probably linked to an altered erythrocyte membrane com-
position resulting from changes in maternal fuel availabil-
ity. As a result, red cell membranes of IDM may be more
susceptible to oxidation or physical damage than those of
normal infants.

● The increased erythropoietin concentration as a result of
in utero hypoxemia stimulates the production of erythrocytes.

Contributory factors are:

● Polycythemia, a frequent occurrence in IDM, contributes to
neonatal hyperbilirubinemia because it makes more red
blood cells available for breakdown.

● Bruising, hematomas or birth trauma secondary to fetal
macrosomia will result in resorption of more blood, and
thereby, hyperbilirubinemia.

● If enteral feeding is delayed, decreased intestinal motility
and increased entero-hepatic circulation of bilirubin may
also be contributory factors.

Clinical manifestations
Neonatal hyperbilirubinemia is manifested clinically as cuta-
neous jaundice and, rarely, splenomegaly. It is essential to pre-
vent levels of indirect hyperbilirubinemia that can lead to
brain damage. Therefore, all IDM and IGDM need to undergo
careful screening of bilirubin levels.

Treatment
Early feeding, correction of metabolic conditions (hypo-
glycemia, hypoxia, polycythemia) that may exacerbate the
hyperbilirubinemia, and timely initiation of phototherapy are
adequate treatment measures. In the great majority of cases,
they may prevent the need for exchange transfusion.

Other hematologic disorders
In addition to the well-known hematologic disorders (poly-
cythemia, hyperbilirubinemia) of IDM, other problems have
been observed in individual blood components.

● In a study of 79 IDM, Green and Mimouni31 observed a sig-
nificantly higher nucleated red blood cell count than in
normal controls. In the absence of hemolysis or blood loss,
this finding could be a result of chronic intrauterine hypoxia.

● Relative leukocytosis, a shift to the left and decreased neu-
trophil chemotaxis have been described. Reduced cord
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blood neutrophil motility and phagocytic bactericidal
activity in term neonates born to gestational diabetic moth-
ers were also described.32 These anomalies were not influ-
enced by maternal insulin therapy.32

● Salvessen et al.33 obtained umbilical venous blood within 
24 h of elective delivery from 40 women with diabetic preg-
nancy at 36–40 weeks’ gestation. Mean platelet count was
significantly lower in the IDM than the corresponding ref-
erence values. However, values a little lower than
150,000/mm3 were observed in only four IDM (10%).

● In IDM, clot formation is facilitated by characteristic
abnormalities in the hemostatic mechanism, such as
increased platelet aggregation and high fast antiplasmin
levels. The reason for these alterations are not clear.

● IDM, who are large for gestational age and have hypo-
glycemia at birth have a >90% prevalence of abnormal iron
indexes which include decreased serum ferritin and iron con-
centrations, and increased total iron-binding capacity and
free erythrocyte protoporphyrin concentrations.34 These
abnormalities are associated with elevations in cord blood
erythropoietin and hemoglobin concentrations and may
reflect a redistribution of iron from plasma and storage pools
into an expanded pool. They are also related to a chronic state
of intrauterine hypoxia, most likely a result of fetal hyper-
glycemia and hyperinsulinism. IDM with abnormal iron
indexes at birth require close developmental follow-up
because they are at increased developmental risk.34

Respiratory distress syndrome
Definition
Respiratory distress syndrome describes a characteristic con-
stellation of clinical (tachypnea, grunting, costal retractions,
nasal flares, and cyanosis), laboratory (metabolic acidosis and
hypoxemia) and radiological findings (air bronchogram and
reticulo-granular pattern on chest X-ray). It is caused by defi-
cient surfactant production which determines decreased lung
compliance with resultant hypoxia. Other causes of respira-
tory distress in IDM are transient tachypnea of the newborn,
meconium aspiration syndrome, polycythemia, and hyper-
trophic cardiomyopathy.

Prevalence
Diabetes per se predisposes IDM to respiratory distress syn-
drome. Roberts et al.35 found a 5.6-fold higher risk of respira-
tory distress syndrome in IDMs than in infants of nondiabetic
mothers when confounding variables were excluded. The over-
all risk of respiratory distress syndrome has dropped signifi-
cantly from 31% to 3% with the introduction of strict glucose
control during pregnancy and delivery at term or near-term.
Nevertheless, it remains a potentially severe complication in
preterm infants of the diabetic mothers.

Etiology
The increased risk of respiratory distress syndrome in infants
born to mothers with uncontrolled or poorly controlled diabetes

is due in great part to fetal hyperinsulinemia. Fetal hyperinsu-
linemia can block the normal enzyme-inducing action of cor-
tisol on the type II fetal pneumocyte production of
surfactant, apparently as a consequence of the inhibited pro-
duction of one of the prerequisites of phosphatidylcholine,
fibroblast–pneumocyte factor. Insulin may impair fetal sur-
factant synthesis by shunting glycerol-β-phosphate toward
pyruvate and acetyl-CoA, which decreases its availability for
phospholipid biosynthesis. Insulin also seems to interfere
with the conversion of phosphatidic acid to phosphatidyl-
glycerol (PG), which has a stabilizing effect on surfactant.
When PG is found in amniotic fluid, respiratory distress syn-
drome is generally absent. Even in gestational diabetic preg-
nancies, PG appears later in the amniotic fluid than in normal
pregnancies.

Fetal hyperglycemia without hyperinsulinemia may also
affect surfactant synthesis. Studies in fetal rat lung explants
demonstrated that high glucose concentrations inhibited the
incorporation of choline into phosphatidylcholine and that
butyrate blocks the transcription of messenger ribonucleic
acid (mRNA) for surfactant proteins.36

Identification and treatment
The standard methods used to assess antenatal lung matu-
rity may not be applicable to diabetic pregnancy. The
lecithin/sphingomyelin (L/S) ratio in the amniotic fluid
may not accurately predict lung maturity in diabetic preg-
nancies because respiratory distress syndrome may develop
in these offspring despite an L/S ratio greater than 2:0.
Kulovitch and Gluck37 found a significant delay in the
appearance of PG that was unrelated to maturation of
lecithin. As PG signals final maturation of lung surfactant,
once it appears, IDM and IGDM can be delivered safely
without risk of respiratory distress syndrome. Therefore, in
the event of elective delivery before 38–39 weeks, fetal lung
maturity must be documented by amniocentesis, by either
the presence of PG (1% risk of respiratory distress syn-
drome), or a L/S ratio of 2:0 or greater (3% risk of respira-
tory distress syndrome).38 These tests are unnecessary
beyond 38–39 weeks’ gestation in women with good
glycemic control, when the risk of respiratory distress syn-
drome approaches that of the normal population.39 To
minimize respiratory complications in IDM, obstetricians
should aim to deliver each infant as close to term as possi-
ble (provided that fetal well-being is assured and there are
no other antenatal complications), to allow delivery to
occur after spontaneous onset of labor (to avoid transient
tachypnea), and to prescribe antenatal steroid treatment for
mothers who may deliver before term.

Ventricular septal hypertrophy
Definition
Ventricular septal hypertrophy is defined as a septal thick-
ness of more than 2 SD above the normal mean. Septal
size during diastole increases in a linear and statistically
significant fashion from the 20th week of gestation to
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term.40 In IDM, however, cardiac hypertrophy develops
late in gestation (at 34–40 weeks), even in the presence of
good glycemic control.41

Prevalence
Veille et al.,40 in a study of 64 pregnant women with diabetes,
recorded a 75% rate of septal hypertrophy. However, this high
prevalence may apply only to patients with less than optimal
glucose control. In the present authors’ diabetic population
with strict glycemic control, ventricular septal hypertrophy
was noted in only 7.5% of IDM. Ventricular septal hypertro-
phy is more prevalent in macrosomic than normal-
sized infants (8.3 vs. 1.8%). Mehta et al.42 found that IGDM
had significantly lower left ventricular dimensions during sys-
tole and diastole than healthy infants. They also exhibited
altered diastolic filling patterns despite the absence of left ven-
tricular or septal hypertrophy, indicating poor myocardial
relaxation or decreased passive compliance of the ventricular
myocardium. All these IGDM were asymptomatic; however, if
exposed to significant stress, they could be at risk of higher
morbidity.

Etiology
Cardiac hypertrophic changes can occur in IDM as a result of
the fetal hyperinsulinemic state acting on insulin or insulin-
like growth factor (IGF)-II receptors, which are present in
high density in the heart, particularly in the intraventricular
septum.43 The fetal insulin stimulation leads to an increase in
myocardial nuclei, cell number and fibers, and thereby, septal
hypertrophy, with decreased left ventricular function and left
ventricular outflow obstruction.1 Echocardiography suggests
a left ventricular obstruction to blood outflow caused by the
opposition of the thickened interventricular septum to the
atrioventricular valves during systole. On non-invasive
Doppler ultrasonography, there is a strong negative correla-
tion between septal thickness and cardiac output.

Clinical manifestations
Most infants with ventricular septal hypertrophy are asympto-
matic. The septal thickness is detected only by echocardiogra-
phy and electrocardiography, because cardiomegaly and septal
hypertrophy per se do not necessarily translate into poor
myocardial function. A small number of infants may have left
outflow obstruction severe enough to cause left ventricular
failure. In these cases, there may be cardiac insufficiency and
signs of respiratory distress, such as tachypnea, tachycardia,
increase in oxygen consumption, and defective feeding.

Treatment
Ventricular septal hypertrophy usually resolves spontaneously
after 3–6 months without sequelae (no permanent effects on
the myocardium). Infants with obstructive heart failure should
be treated with propranolol (not digoxin!) and supportive care;
those who survive the initial period with medical management
will also show spontaneous improvement in the hypertrophy.

Ovarian cyst
Prevalence and type
Ovarian cysts are common in the general neonatal population.
Using three-dimensional ultrasound, Cohen et al.44 noted an
84% rate of ovarian cysts in consecutive infants aged one day
to 24 months. The prevalence is even higher in IDM.
Antenatal sonographic detection of ovarian cysts and polyhy-
dramnios should raise a suspicion of maternal diabetes.45

There are different histological types of neonatal ovarian
cysts, but the most frequent are follicular cysts.

Etiology
The exact etiology of ovarian cysts is unknown, but it proba-
bly involves an endocrinological disturbance (imbalance) of
the ovarian anterior pituitary axis, with excessive stimulation
of the fetal ovary by placental and maternal hormones.
Elevated circulating estradiol levels in neonatal ovarian cysts
was recently demonstrated by Arisaka et al.46 The high rate of
ovarian cysts in IDM is presumably due to hypersecretion of
the placental human chorionic gonadotropin (HCG) or
increased permeability of placenta to HCG.

Clinical manifestations
Clinically, ovarian cysts appear as a smooth, non-tender and
freely movable mass in the lower abdomen, usually unilater-
ally. They measure a few millimeters to more than 20 cm in
diameter. Polyhydramnios is observed in 5–12% of cases and
is presumed to result from the mass compressing the small
intestine.

Complications
In the absence of complications, ovarian cysts usually involute
or regress spontaneously. There are three types of complica-
tions: primary, secondary, and maternal. Primary complica-
tions are torsion, hemorrhage or rupture. Torsion has been
noted in 42% of patients, often with asymptomatic cysts
detected antenatally. Large cysts may cause secondary compli-
cations such as incarceration into an inguinal hernia, bowel or
urinary tract obstruction, or thorax compression. Maternal
complications are polyhydramnios and vaginal dystocia with
cyst rupture.

Treatment
In IDM, treatment of ovarian cysts depends largely on cyst
size, sonographic characteristics, and potential risk of compli-
cations. Single ovarian cysts of less than 4 cm diameter can be
followed expectantly by serial ultrasound scans as they usually
regress spontaneously. Ovarian cysts with a diameter of more
than 5 cm should be treated. Management options include
cystectomy, laparoscopic needle aspiration or laparoscopy.
Very large cysts may require intrauterine aspiration to reduce
the risk of secondary pulmonary hypoplasia. When surgery is
performed, it is important to preserve as much gonadal tissue
as possible and, if practical, merely to remove the cyst.
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Small left colon
Definition
Neonatal small left colon is a functional transient disease which
produces the typical signs and symptoms of low intestinal
obstruction. It was first described by Davis et al.47 in 1974, in
20 full-term infants with symptoms and signs of low colonic
obstruction and a barium enema picture of a uniformly nar-
rowed colon from anus to splenic flexure (caliber <1 cm) with
abrupt transition at the splenic flexure to a dilated right colon.
The small colon had smooth margins without the usual tortu-
osities, and was smaller than normal. Eight of these newborns
(40%) were IDM. Further investigation of 12 asymptomatic
IDM yielded 6 (50%) with the same colon configuration.

Etiology
The etiology of neonatal small left colon is unknown, but it
may involve neurohumoral imbalances between the autonomic
nervous system and glucagon. Fetal and neonatal hypo-
glycemia is associated with significant hyperglucagonemia with
a resultant inhibition of left colon activity.48 Presumably, the
immature intramural ganglion cells are unable to respond to
sympathetic stimulation (secondary to hypoglycemia), thereby
compounding the ileus.49 Other suggested causes of in utero
neonatal small left colon are hypermagnesemia (after maternal
MgSO4 treatment), immaturity of the myenteric plexus in the
left bowel wall, and maternal ingestion of psychotropic drugs.

Clinical manifestations
Clinically, neonatal small left colon occurs in the first 24–48 h
after birth with abdominal distension and delayed passage of
meconium. The diagnosis is based on radiographic findings
observed after water-soluble contrast enema, as described by
Davis et al.47 The infant can retain the contrast medium for
24–48 h. Neonatal small left colon is considered to have a
benign course. The prognosis is good in absence of complica-
tions. The colon returns to normal size after 5–7 days, either
spontaneously or after repeated daily saline enemas. Neonatal
small left colon should be distinguished from Hirschprung’s
disease (congenital megacolon), which has a different progno-
sis and requires different treatment.

Complications
Complications are usually seen in severe cases (hypoglycemic
cardiomyopathy, cyanosis, and persistent fetal circulation
shortly after birth), and include cecal or ileal perforations and
intussusception.

Treatment
Treatment is conservative, except when complications are
present. Water-soluble contrast enema examination, done for
diagnosis in newborns who develop clinical signs and symp-
toms of colon obstruction, is also therapeutic.47 Repeated
daily saline enemas have a permanent curative effect.

Strict glycemic control and short-term
neonatal complications
It was hypothesized that the early detection (preconcep-
tional) of maternal diabetes, with subsequent normoglycemia
before conception and strict metabolic control during preg-
nancy could prevent the occurrence of most short-term
neonatal complications, including congenital malforma-
tions.50,51 Fuhrman et al.50 in a prospective controlled study
tried to verify this hypothesis and showed a statistically sig-
nificant reduction in the prevalence of congenital malforma-
tions in the strict metabolic control group. Another 12 similar
prospective studies in the world literature have explored the
incidence of preconception normoglycemia and postconcep-
tion strict glycemic control on the prevalence of major con-
genital malformations and some of them on short-term
neonatal complications.51 A significant reduction in neonatal
morbidity, particularly severe disorders, such as respiratory
distress syndrome and major malformations, has been
reported; nevertheless, rates remain twice those seen in the
general population. Also, the short-term neonatal complica-
tions cannot be completely prevented. In 160 diabetic women
treated and followed at the Diabetes and Pregnancy Center,
Perinatal Division, Rabin Medical Center, during the period
1998–2000, the present authors’ group were able to reduce,
but not completely exclude, short-term neonatal complica-
tions (Table 47.2). However, it is important to emphasize that
almost all neonatal complications of maternal diabetes can 

Table 47.2 Neonatal short-term implications of 160 mothers with very strict control of pre-gestational diabetes

Implication Definition Prevalence (%)

Macrosomia >4000 g 13.7
Hypoglycemia <44 mg% 26.3
Hypocalcemia <8 mg% in full-term 

<7 mg% in preterm 7.5
Polycythemia >70% (at 2–4 h) 

>68% (at 6 h) 7.5
>65% (at >12 h)

Hyperbilirubinemia >12 mg% 19.4
Thrombocytopenia <150,000 5.0
Respiratory distress syndrome Clinical findings + blood gases + chest X-ray 3.7
Ventricular septal hypertrophy Echocardiography 

Septal thickness >2 SD 7.5

Strict glycemic control and short-term neonatal complications 359
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be efficiently reduced or, at least, can be detected very early
and treated promptly, thus avoiding later consequences.
Some other ways and therapeutic measures are necessary in
the future in order to fulfill the goal of the Saint Vincent
Declaration: to achieve a pregnancy outcome in the diabetic
woman close to that of the nondiabetic woman.

With regard to the effectiveness of treatment of gestational
diabetes on perinatal outcomes, two recent studies52,53 con-
cluded that untreated gestational diabetes carries significant
risk for perinatal morbidity in all severity levels of the disease.
The rate of perinatal complications was significantly higher
in the untreated gestational diabetes (2- to 4-fold increase)
with no difference between nondiabetic mothers and treated
subjects.52,53

Breastfeeding and maternal diabetes
Fifteen observational studies have been written about the
role of breastfeeding in IDM and IGDM.54 There is no con-
traindication to breastfeeding in these infants, and diabetic
women should have the same opportunity to breastfeed as
women without diabetes. Higher rates of pregnancy and
neonatal complications among diabetic women can pose
significant challenges to breastfeeding. Thus, women with
diabetes should be strongly encouraged to breastfeed
because of maternal and childhood benefits specific to dia-
betes that are above and beyond other known benefits of
breastfeeding.54

The milk composition of diabetic mothers is not signifi-
cantly different from that of the nondiabetic population in
total nitrogen, lactose, fat and calories, given the wide varia-
tions normally found in control subjects.55 The only differ-
ences reported were a slightly elevated sodium level (140 vs.
100 mcg/g) and a significantly higher glucose concentration.55

A lower fat content and higher concentrations of polyunsatu-
rated fatty acid have also been found.

Although maternal hypoglycemia does not cause a reduc-
tion in breast milk lactose level, it does lead to increased secre-
tion of epinephrine, which inhibits milk production and the
ejection reflex. In addition, elevated acetone levels can be
expressed in breast milk, placing stress on the newborn liver.55

As a result, the diabetic mother should be well instructed in
order to achieve the right adjustment of diabetes to lactation,
and to understand the issues of diet and insulin. These prob-
lems are not related to breastfeeding per se but to the overall
management of diabetes.

Establishing very early breastfeeding is paramount, since
colostrum, like breast milk, provides a generous concentration
of glucose. The most important factor in success is the time
lapsed from birth to the first feeding. Furthermore, the duration
of lactation is inversely related to the delay in first feeding.
Therefore, good hospital management is critical to successful
lactation in diabetic mothers. Intensive-care hospitalization
should be kept to a minimum (to avoid mother–infant separa-
tion) and a breast pump and other assistance should be pro-
vided by the staff, in order to maximize the chances of
successful long-term breastfeeding.
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Introduction
Exposure to the diabetic intrauterine milieu during gestation
has been long recognized to have important consequences for
the fetus and the newborn. However, it was only recently that
long-term effects of such exposure on the child, adolescent
and young adult offspring of the diabetic mother have been
acknowledged. It is becoming increasingly clear that the effects
of the diabetic intrauterine environment extend beyond those
apparent at birth.

The long-term changes that may result from development
in a diabetic intrauterine environment can be divided into
three categories:

1. Anthropometric. Growth rates for both weight and height
are excessive during the latter stages of gestation and also
during childhood and early adulthood, resulting in devel-
opment of macrosomia, overweight, and obesity.

2. Metabolic and vascular. Glucose homeostasis is deregulated
and glucose tolerance is more likely to be abnormal than
that observed in offspring of nondiabetic women, resulting
in development of impaired glucose tolerance and diabetes
mellitus. More recently, sub-clinical cardiovascular abnor-
malities have also been described.

3. Neurological and psychological. Offspring of high-risk preg-
nancies often have neurological deficits, which are usually
relatively minor, but which may be significant; psychologi-
cal and intellectual development may also be affected.

Obesity
Pima Indian study
The offspring of women with diabetes during pregnancy are
not only more likely to be large newborns, but are more obese
during childhood and adolescence as well. The data from the
longitudinal follow-up of offspring of diabetic Pima Indian
women demonstrate this clearly.1–6 Figure 48.1 shows data on
Pima Indians who were examined at birth and then followed
repeatedly during childhood.4 The offspring of diabetic
women are larger for gestational age at birth, and, at every age
before age 20 years, they are heavier for height than are the
offspring of prediabetic women, i.e. women who developed

diabetes only after the child was born, or of nondiabetic
women. Relative weight in these latter two groups is similar.
Figure 48.2 shows the prevalence of severe obesity,7 defined as
a weight ≥140% of the standard weight for height. After the age
of 20 years, the differences between the offspring of diabetic
women and the other two groups are much less, reflecting the
high rates of obesity that are present in this population regard-
less of the intrauterine environment,8 although, it is important
to keep in mind that, at older ages, the obese offspring of the
diabetic women are likely to have been obese much longer than
the obese offspring of the nondiabetic and prediabetic women.
As duration of obesity is a risk factor for diabetes in this pop-
ulation,9 this will inevitably increase the risk for developing
diabetes in the offspring of diabetic women.

From the data presented in Figure 48.1, it is not clear
whether the diabetic intrauterine environment leads to child-
hood obesity directly or simply results in a large birth weight
that in turn leads to the childhood obesity. However, from
Figure 48.3 it can be seen that, in the subset of the population
that had a normal birthweight, the large size at birth was not a
prerequisite for childhood obesity.6 Even these normal birth-
weight offspring of the diabetic women were heavier by age 5–9
years than the offspring of nondiabetic and prediabetic women.

The comparison between offspring of diabetic and predia-
betic women is an attempt to control for any potential associ-
ation between a genetic predisposition to obesity and a genetic
predisposition to diabetes. However, the ideal way to approach
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age and mothers diabetes. (Reprinted with permission from
Pettitt et al.4)
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this question is to examine sibling pairs in which one sibling is
born before and one born after the onset of their mother’s dia-
betes. Figure 48.4 shows the results of such an analysis.1 The
mean body mass index in the 62 siblings born after the onset
of the mother’s diabetes, i.e. the offspring of the diabetic
woman was significantly higher than among the 121 siblings
who were born before the onset of the mother’s diabetes and
who were therefore not exposed to diabetes in utero.

There is some suggestion that relative hyperinsulinemia may
be a precursor to childhood obesity. At age 5–9 years, Pima off-
spring of women with diabetes or impaired glucose tolerance
during pregnancy have higher fasting insulin concentrations than
the offspring of women with better glucose tolerance during
pregnancy.2 Although this difference is no longer apparent at
older ages, a follow-up of children and adolescents found that the
fasting insulin concentration at age 5–9 years was significantly
correlated with the rate of weight gain during follow-up.10

The Diabetes in Pregnancy Center at Northwestern
University in Chicago
This is the other longitudinal study that has reported excessive
growth in the offspring of women with diabetes during 
pregnancy.11,12 In this study, amniotic fluid insulin was 

collected at 32–38 weeks of gestation. At the age of 6 years
there was a significant association between the amniotic fluid
insulin and childhood obesity, as estimated by the symmetry
index. The insulin concentrations in 6-year-old children who
had a symmetry index of less than 1.0 (86.1 pmol/L) or
between 1.0 and 1.2 (69.9 pmol/L) were only half what was
measured in the more obese children who had a symmetry
index greater than 1.2 (140.5 pmol/L, P < 0.05 for each com-
parison).

Children who were born during this study were examined at
birth, at age six months and annually to age 8 years.12 The sym-
metry index, which was normal at 1 year of age, deviated
increasingly from the norm during follow-up so that by age
eight the mean symmetry index was almost 1.3, i.e. the children
were, on average, 30% heavier than expected for their height.

This study has added unique insight into the cause of the
excessive growth and provided confirming evidence that the
diabetic intrauterine environment plays an important role.
Amniotic fluid insulin is of fetal origin and is directly corre-
lated with the amount of fetal insulin that is being produced.
Fetal insulin, in turn, is correlated with the amount of the cir-
culating glucose, which is of maternal origin and is directly
correlated with mother’s diabetes control. Thus, this study
demonstrates a direct correlation between an objective meas-
ure of the diabetic intrauterine environment and the degree of
obesity in children and adolescents.13

Although the two studies detailed above are of very differ-
ent design and the patient populations are quite different, the
effect on the offspring is similar. Figure 48.5 shows the age-
specific symmetry index in offspring from both studies.2,13,14

From birth to age eight years, the offspring of diabetic women
from the Diabetes in Pregnancy Center in Chicago, while less
obese than the Pima offspring of diabetic women, have a
steady increase in their mean symmetry index that parallels
that seen in the Pimas. After the age of 5 years, the symmetry
index in the Chicago group exceeds that in the Pima children
whose mothers did not have diabetes during pregnancy.

Other studies
Freinkel, in his 1980 American Diabetes Association Banting
lecture,15 summarized the evidence available at that time,
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Figure 48.3 Mean relative weight for height in offspring by
age and mothers diabetes in normal birthweight offspring
(birthweight = 90–109% of the median weight for gestational
age). (Reprinted with permission from Pettitt et al.6)
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before the data from the longitudinal studies described above
were available. In this classic paper, he postulated that we
should expect permanent changes in habitus or anthropomet-
ric modifications in the offspring of diabetic women.

Most studies have not systematically had a longitudinal
follow-up from birth of the offspring of diabetic women, but
many provide evidence that these offspring are prone to obe-
sity. In 1959, Hagbard et al.16 reported the stature of 239 chil-
dren with an average age of 5 years who were born after the
onset of their mothers’ diabetes and 68 with an average age of
16 years who were born before the onset of the diabetes. Since
the two groups of children were of quite different ages, each
was compared with age-appropriate normal data. Those born
after the mothers got diabetes were significantly shorter and
significantly heavier than normal for their age while those
born before showed no deviation from normal.

Cummins and Norrish17 reported the heights and weights for
50 four- to 13-year-old offspring of diabetic women. The chil-
dren tended to be tall and heavy, with 68% being above the 50th

percentile for height and 70% being above the 50th percentile for
weight. In addition, there was an excess of children with exces-
sive weight for height; 32% were above the 90th percentile for
weight while only 20% were over the 90th percentile for height.

Vohr et al.18 examined 7-year-old offspring of diabetic and
control women and found that the offspring of diabetic
women were significantly more likely to be have a weight for
height index above 1.2. Most of these heavy children had been

large for gestational age at birth, probably indicating poor dia-
betes control during pregnancy.

Gerlini et al.19 looked at heights and weights of infants of
diabetic mothers at birth, during the first year of life and annu-
ally up to age 4 years. They found that by age 4 years, the chil-
dren of mothers with poor metabolic control during
pregnancy were significantly heavier and had a significantly
higher weight for height ratio than the offspring of women
who had been well controlled. The difference was smallest at
six months and increased progressively during the 4 years of
observation. Interestingly, the differences were larger in the
female offspring.

Many previous studies of obesity in the offspring have
not specified the type of diabetes, have used mixed samples,
or have limited the data to offspring of women with either
gestational or Type 2 diabetes. Recently, Weiss et al.20 have
studied the offspring of women with Type 1 diabetes and
reported that they have a significantly higher body mass
index and symmetry index than the offspring of control
women. These measures of obesity were significantly corre-
lated with fasting and post-load blood glucose.

Using total body electrical conductivity estimates of body
composition, Catalano et al.21 showed that newborn infants of
women with mild glucose intolerance (i.e. gestational dia-
betes, GDM) have 20% higher body fat than do infants of
women with normal glucose tolerance, regardless of birth-
weight. Fasting glucose level at the time of maternal oral glu-
cose tolerance test was the strongest single correlate of
neonatal adiposity. Taken together, these findings may be
regarded as evidence of early effects of exposure to diabetes 
in utero on obesity risk, effects that seem to be amplified
during further development.

Some studies have failed to show clear associations between
maternal GDM and offspring obesity,22,23 perhaps because they
studied populations with lower diabetes risk. Therefore, most
information relating exposure to diabetes in utero and child-
hood outcomes is based on special populations: the Pima
Indian study and a specialized pregnancy clinic population in
Chicago without an internal comparison group. There is a need
to evaluate the effects of exposure to diabetes in utero on child-
hood growth and body size among ethnically diverse youth.
This issue is critical to resolve, as programming of offspring adi-
posity by maternal glucose–insulin metabolism could lead to a

Figure 48.4 Mean BMI by age in siblings exposed and not exposed to diabetic intrauterine environment. (Reprinted with permis-
sion from Dabelea et al.1)
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‘vicious cycle of increasing childhood obesity and later gesta-
tional diabetes over each subsequent generation.3

Impaired glucose tolerance and
diabetes mellitus
The Pima Indian study
Among the Pima Indians of Arizona, the population with the
highest reported prevalence and incidence of Type 2 diabetes
in the world, individuals at particular risk include those whose
parents developed diabetes at an early age24 and those whose
mothers had diabetes during pregnancy.25 For more than 30
years, Pima Indian women have had oral glucose tolerance
tests during pregnancy as well as on a routine basis approxi-
mately every 2 years. Consequently, extensive maternal dia-
betes information based on glucose data rather than on
assessment of family history of diabetes is available for off-
spring of women who had diabetes before or during preg-
nancy (diabetic mothers) as well as of those who developed
diabetes only after pregnancy (prediabetic mothers) or
remained nondiabetic.

Figure 48.6 shows the prevalence of Type 2 diabetes by age
group in offspring of diabetic, pre-diabetic, and nondiabetic
mothers.7 By age 5–9 and 10–14 years, diabetes was almost
exclusively present among the offspring of diabetic women. In
all age groups there was significantly more diabetes in the off-
spring of diabetic women than in those of prediabetic and
nondiabetic women, and there was only a small difference in
diabetes prevalence between offspring of prediabetic and non-
diabetic women. The small difference may be due to differ-
ences in the genes inherited from the mothers, while the large
difference in prevalence between the offspring of diabetic and
prediabetic mothers, which have presumably inherited the
same genes from their mothers, is the consequence of expo-
sure to the diabetic intrauterine environment.3 These differ-
ences persisted after adjusting for presence of diabetes in the
father, age at onset of diabetes in either parent, and obesity in
the offspring.

A significant correlation between the 2-h post-load
plasma glucose in 15–24 year old Pima women and their
mother’s 2-h glucose during pregnancy has also been

described,2 suggesting that the diabetic intrauterine environ-
ment has effects on offspring’s plasma glucose that are in
addition to genetic or other familial effects.

The congenital effects acquired during development 
in utero may be confounded by genetic factors. Women
who develop diabetes at an early age might carry more
susceptibility genes than those who develop the disease
later in life and, therefore, they might transmit greater
genetic susceptibility to their offspring. Thus, the greater
frequency of diabetes in the offspring of diabetic pregnan-
cies might be due to greater genetic susceptibility in such
offspring. To determine the role of exposure to the dia-
betic intrauterine environment that is in addition to
genetic transmission of susceptibility, the prevalence of
Type 2 diabetes was compared in Pima Indian siblings
born before and after their mother developed diabetes.1

Selection of nuclear families was based on having at least
one sibling born before and at least one after the mother
was diagnosed with Type 2 diabetes. Nineteen families
with 58 siblings and 28 sib-pairs discordant both for dia-
betes and for diabetes exposure were informative for the
analysis. In 21 of the 28 sib-pairs, the diabetic sibling was
born after mother’s diabetes and in only seven of the 28
pairs, the diabetic sibling was born before (odds ratio 3.0,
P < 0.01, Figure 48.7). In contrast, among 84 siblings and
39 sib-pairs from 24 families of diabetic fathers, the risk
for Type 2 diabetes was similar in the sib-pairs born before
and after father’s diagnosis of diabetes (Figure 48.7). It is
evident that, within the same family, siblings born after
mother’s diagnosis of diabetes have a much greater risk of
developing diabetes at an early age than siblings born
before the diagnosis of diabetes in the mother. Since sib-
lings born before and after carry a similar risk of inherit-
ing the same susceptibility genes, the different risk reflects
the effect of intrauterine exposure to hyperglycemia. Since
these differences were not seen in the families of diabetic
fathers, it is unlikely that these findings are due to cohort
or birth order effects.

In Pima Indian children aged 5–19 years, the prevalence 
of Type 2 diabetes has increased 2- to 3-fold over the last 
30 years.26 The percent of children who have been exposed to
diabetes in utero has also increased significantly over the same
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time period and this is associated with a doubling of the
amount of diabetes in children that may be attributed to this
exposure (from 18.1% in 1967–1976 to 35.4% in 1987–1996).
The ‘epidemic’ of Type 2 diabetes in Pima Indian children was
almost entirely accounted for, statistically, by the increase in
exposure to diabetes during pregnancy and the increase in
obesity. Exposure to intrauterine maternal hyperglycemia was
the strongest single risk factor for Type 2 diabetes in Pima
Indian youth (odds ratio 10.4, P < 0.0001).

These data strongly suggest that maternal hyperglycemia,
extreme enough to be recognized as diabetes, is a clear risk
factor glucose intolerance and Type 2 diabetes in the offspring.
However, since maternal fuel supply across a population is a
continuum, the relationship between maternal glycemia and
offspring risk for Type 2 diabetes may be present across the
entire distribution of maternal glucose concentrations. A
recent study in Pima Indian pregnant women, who were not
diabetic and had glucose levels in the normal range, found a
direct linear association between maternal fasting glucose
during the third trimester of pregnancy and risk of Type 2 dia-
betes in their offspring, as well as confirming the direct linear
association between maternal glucose and offspring birth-
weight in nondiabetic pregnancies.27

The Diabetes in Pregnancy Center at Northwestern
University in Chicago
This follow- up study enrolled offspring of women with pre-
gestational diabetes (both insulin-dependent and noninsulin-
dependent) and gestational diabetes from 1977 to 1983.
Plasma glucose and insulin were measured both fasting and
after a glucose load yearly from 1.5 years of age in offspring of
diabetic mothers and one time at ages 10–16 years in control
subjects.28 On their most recent evaluation (age 12.3 years)
offspring of diabetic mothers had a significantly higher preva-
lence of impaired glucose tolerance (IGT) than the age- and
sex-matched control group (19.3 vs. 2.5%, Figure 48.8), and
two female offspring had developed Type 2 diabetes, at ages 7
and 11 years. Interestingly, in this cohort, the predisposition 
to IGT was associated with maternal hyperglycemia, regardless
of whether it was caused by gestational diabetes or pre-exist-
ing insulin-dependent or noninsulin-dependent diabetes.

Moreover, excessive insulin secretion in utero, assessed by the
amniotic fluid concentration measured at 32–38 weeks’ gesta-
tion was a strong predictor of impaired glucose tolerance in
childhood.

Other Studies
Most,29–34 although not all,35–37 family studies have shown a
greater transmission of Type 2 diabetes to offspring from
mothers than from fathers with Type 2 diabetes. Both genetic
and environmental effects have been advanced to explain this
excess maternal transmission.

A higher frequency of maternal than of paternal transmis-
sion of diabetes has been demonstrated in GK rats.38 In these
rats the diabetic syndrome is produced by strepotozotocin
injection or glucose infusion. They do not have any genetic
predisposition for diabetes, nor can their diabetes be classified
as Type 1 or 2. These studies have demonstrated that hyper-
glycemia in the mother during pregnancy leads to impairment
of glucose tolerance, and decreased insulin action and secre-
tion in adult offspring.39–41

The mechanisms by which exposure to diabetes in utero
increases the risk of impaired glucose tolerance and Type 2
diabetes are still uncertain. Several studies performed in new-
borns of diabetic mothers have shown an enhanced insulin

7

17

21 22

0

10

20

30

Born before or after mother's
diagnosis

Born before or after father's
diagnosis

N
um

be
r 

of
 s

ib
 p

ai
rs

OR = 3.0, p<0.01 OR = 1.3, ns.

Figure 48.7 Pima Indian sib pairs discordant for diabetes and exposure to diabetes in utero diabetes. (Reprinted with permission
from Dabelea et al.69)

0

5

10

15

20

< 5 5 to 9 19 to 16 controls

Age in years

IG
T

 (
%

)

Figure 48.8 Prevalence of IGT in offspring of diabetic mothers
in 3-age groups and in control subjects aged 10–16 years.
(Reprinted with permission from Silverman et al.28)

9780415426206-Ch48  11/29/07  4:26 PM  Page 366



secretion to a glycemic stimulus in these neonates42 and,
accordingly, Van Assche and Gepts43 and Heding et al.44

described hyperplasia of the beta cells in newborns of diabetic
mothers. Whether this is a transient phenomenon, as suggested
by Isles et al.,45 or leads to impaired glucose tolerance later in
life when insulin resistance becomes important, is still uncer-
tain. Impaired insulin secretion46 has also been proposed as a
possible mechanism. Among 104 normal glucose tolerant
Pima Indian adults, insulin secretion rates were lower in indi-
viduals whose mothers had developed diabetes before the age
of 35 years compared with those whose parents remained
nondiabetic until the age of 49 years. The acute insulin
response was approximately 40% lower in individuals whose
mothers had diabetes during pregnancy than in those whose
mothers developed diabetes at an early age but after the birth
of the subject.47 These results suggest that exposure to the
diabetic intrauterine environment is associated with
impaired insulin secretion. Based on the observation made in
rats and supported by the Pima Indian findings, it may be
hypothesized that exposure to hyperglycemia during critical
periods of fetal development ‘programs’ the developing pan-
creas in a way that leads to a subsequent impairment in
insulin secretion.

Is the situation different if the mother has Type 1 diabetes?
There is a two to five fold higher risk for Type 1 diabetes in off-
spring of fathers than in offspring of mothers with Type 1 dia-
betes.48 There are several possible explanations for this
finding:49 genetic transmission with differential susceptibility
(imprinting) depending on which parent supplies the predis-
posing genes; true maternal protection against Type 1 diabetes
in offspring; or increased perinatal mortality of babies who have
inherited the susceptibility genes for Type 1 diabetes from their
mothers. In the cohort of adolescent offspring of diabetic
mothers followed by Silverman and colleagues,28 however, the
predisposition to impaired glucose tolerance was only associ-
ated with maternal hyperglycemia, and not with the type of dia-
betes in the mother. Moreover, the prevalence of impaired
glucose tolerance was similarly increased in infants (ages 1–4
years) and children (ages 5–9 years) of mothers with pre-gesta-
tional Type 1 diabetes and in those of mothers with gestational
diabetes.50

The metabolic effects of the diabetic intrauterine envi-
ronment on the fetus might be similar regardless of
whether the mother has Type 1 or Type 2 diabetes. Recent
data suggest that effects of maternally transmitted diabetes
genes may be modified by congenital influences in both
Type 1 and Type 2 diabetes, though perhaps in a different
direction. A report from the Framingham Offspring Study51

showed that paternal and maternal Type 2 diabetes 
conferred equivalent risks for offspring Type 2 diabetes.
Offspring of diabetic mothers with an age of onset 
<50 years, however, had higher risk for both Type 2 diabetes
and impaired glucose tolerance than offspring of diabetic
fathers. Based on comparable effect sizes among maternal
and paternal Type 2 diabetes, the authors concluded 
that fathers may transmit unique genetic factors of similar
strength to maternal environmental effects. An association
between paternal, but not maternal, Type 2 diabetes,
low birthweight, and Type 2 diabetes was reported in 

Pima Indian offspring.52 Using family-based association
methods in parent–offspring trios with Type 2 diabetes,
Huxtable et al.53 reported a relationship between the insulin
gene and Type 2 diabetes that was mediated exclusively
through paternally transmitted class III variable number
tandem repeat (VNTR) alleles.

Cardiovascular abnormalities
Animal studies have shown that exposure to diabetes 
in utero can induce cardiovascular dysfunction in adult off-
spring.54 Few human studies have examined cardiovascular
risk factors in offspring of diabetic pregnancies. By 10–14
years, offspring of diabetic pregnancies enrolled in the
Diabetes in Pregnancy follow-up study in Chicago had sig-
nificantly higher systolic and mean arterial blood pressure
than offspring of nondiabetic pregnancies.12 Manderson et
al. reported higher concentrations of markers of endothelial
dysfunction (ICAM-1, VCAM-1, E-selectin), as well as cho-
lesterol-to-HDL ratio among offspring of mothers with
Type 1 diabetes than among offspring of nondiabetic preg-
nancies, independent of current body mass index.55

Recently, the Pima Indian investigators have shown that,
independent of adiposity, 7- to 11-year-old offspring
exposed to maternal diabetes during pregnancy have signif-
icantly higher systolic blood pressure than offspring of
mothers who did not develop Type 2 diabetes until after the
index pregnancy.56 These data suggest that in utero exposure
to diabetes confers risks for the development of cardiovas-
cular disease later in life that are independent of adiposity
and may be in addition to genetic predisposition to diabetes
and cardio-vascular disease.

Neurological and psychological
development
Reports of long-term neurological deficits in the offspring of
diabetic mothers include impaired visual motor function,
Erb’s palsy, seizure disorders, cerebral palsy, mental retarda-
tion, speech disturbances, reading difficulties, behavior 
disturbances and deafness.57–63 Mechanisms potentially
involved in the occurrence of such problems are: (1) birth
trauma, especially trauma to the head and neck because of
large infant size and shoulder dystocia;64 (2) prolonged,
severe neonatal hypoglycemia, which may damage the cen-
tral nervous system with potentially permanent deficits;65 (3)
neonatal hyperbilirubinemia, which leads to kernicterus;57

and (4) abnormal fuel metabolism during gestation, which
may cause long-term aberrations in neurological and psy-
chological development.

Major neurological dysfunction has been related to uncon-
trolled severe diabetes in pregnancy.58 However, even in the
newborn offspring of women with well-controlled diabetes,
Rizzo et al.62 found a significant inverse correlation between
maternal blood glucose concentrations during pregnancy and
newborn behavior. A correlation between acetonuria during
pregnancy and diminished intelligence quotients (IQ) in the
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offspring of diabetic mothers has been reported in at least two
studies.58,66 In one of these, birthweight was also predictive of
IQ, with smaller infants at birth having lower IQ scores at age
5 years.58 Rizzo et al.,61 found no correlation between mater-
nal acetonuria and the child’s IQ, however, he reported an
inverse correlation between maternal second trimester 
β-hydroxybutyrate concentrations and the offspring’s mental
development index scores at age 2 years. The mothers of these
children had well-controlled diabetes during pregnancy and
only infrequent acetonuria.

The offspring of the 1977 to 1983 gravida enrolled in the
Northwestern University Diabetes in Pregnancy Center
follow-up study13 were longitudinally followed to make infer-
ences concerning the behavioral and intellectual influences of
intrauterine exposure to diabetes. Direct correlations
between mild maternal ketonemia in the second and third
trimester and poorer performances on Mental Development
Index of the Bayley Scales of Infant Development at age 2, on
the Stanford-Binet Intelligence Scales at ages 3–5 years,61 and
on the Bruininks–Oseretsky Test of Motor Proficiency at 6–9
years67 were found. The associations between exposure to
maternal diabetes in utero and psychomotor and cognitive
functions in childhood were independent of socioeconomic
status and ethnicity, and were similar regardless of gestational
or pregestational maternal diabetes status. Moreover, they
were not explained by perinatal morbidities occurring more
frequently in newborns born to mothers with diabetes.

Blood glucose control throughout gestation may prevent
neurological problems in the offspring of diabetic women.57,65

Sells and associates68 compared neurodevelopment through
36 months of age in offspring of women with Type 1 diabetes
and control infants. Infants of mothers with tight glycemic
control during pregnancy had neurological test results similar
to those of the control infants, while offspring of mothers with
poorer glycemic control during pregnancy scored less well on
tests of language development.

Implications for future research
The effects of maternal diabetes during childhood and over
the life-course may be viewed as a vicious cycle.3 Children
whose mothers had diabetes during pregnancy are at
increased risk of becoming obese and developing diabetes at
young ages. Many of these female offspring already have dia-
betes or abnormal glucose tolerance by the time they reach
their childbearing years, thereby perpetuating the cycle.
Whether the vicious cycle of the diabetic pregnancy is operat-
ing in racial/ethnic groups other than American Indians is
possible, but has not yet been adequately investigated. An
important research need is to derive risk estimates for child-
hood obesity, impaired glucose tolerance and Type 2 diabetes
that are attributable to maternal diabetes in utero, in popula-
tions other than American Indians.

There is recent debate over whether exposure to mater-
nal obesity during pregnancy, in the absence of frank GDM,
is also associated with long-term effects on the offspring
above and beyond genetic susceptibility. If the hypothesis
that maternal obesity during pregnancy drives fuel-medi-
ated teratogenesis is correct, the public health conse-
quences are enormous, since obesity is widespread and
increasing. Studies are needed to disentangle the relative
contribution of various altered fuels, in addition to glucose,
in pregnancies complicated by obesity, to the long-term
effects on childhood risks for obesity and impaired glucose
metabolism.

Finally, future research is needed to determine whether
better glucose control can be achieved throughout preg-
nancy that would prevent the long-term consequences 
on the offspring described here. If this is achievable, it will 
in turn probably reduce the prevalence of diabetes in 
the next generation of pregnancies and, therefore, be benefi-
cial for future generations as well as for the immediate 
offspring.
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Introduction
It is well known that diabetes during pregnancy may be associ-
ated with an increased rate of spontaneous abortions,
intrauterine death and congenital anomalies among the off-
spring.1–5 This increase is directly related to the severity of the
disease, especially to the blood levels of glycosylated hemoglo-
bin (HbA1c).3,4,6 The reduction in the prevalence of congenital
anomalies among offspring of mothers with pre-gestational
diabetes (PGD) observed in the last years is related to the
marked improvement of glycemic control in early pregnancy.
However, even in well-treated diabetic pregnant women, the
rate of congenital anomalies is still significantly higher than in
the general population. Generally, no increase in congenital
anomalies was observed among children born to mothers with
gestational diabetes (GD).3,5 However, more recent reports
have shown that children born to mothers with GD with fast-
ing hyperglycemia or with increased pre-gestational maternal
obesity or increased body mass index (BMI), have an increased
rate of congenital anomalies, especially of the CNS and are
prone to develop at childhood the metabolic syndrome X.6,7 It
is also proposed that the studies demonstrating increased rate
of congenital anomalies in offspring of women with GD also
include women whose diabetes was first diagnosed in preg-
nancy, but apparently started before gestation.

In addition, growth disturbances are relatively common
among offspring of diabetic mothers. In severe and uncon-
trolled PGD, intrauterine growth retardation is often found,
especially in mothers with diabetic nephropathy.4,5 In well-
controlled PGD or in GD, macrosomia is the more common
fetal growth disturbance.1,5 Growth disturbances have also
been encountered in follow up studies on children born to
diabetic women.8

Many studies have evaluated the postnatal cognitive and
neurological development of children born to diabetic

mothers. The investigators used a variety of age-appropriate
psychometric tests and correlated their findings with the
degree of glycemic control and the onset of diabetes
(whether PGD or GD). In the present review we will address
these issues and also report results of our developmental
follow up studies.

The effects of diabetes on intrauterine
growth
Growth disturbances in infants of diabetic mothers:
General comments
A variety of prenatal and postnatal factors may influence the
growth of the offspring of diabetic mothers. Some are attrib-
uted to the specific intrauterine milieu imposed by diabetes,
which include the severity and onset of diabetes, the degree
of diabetic control and the mode of treatment, and others
are attributed to postnatal factors, mainly nutrition.

Pedersen, in his monograph,5 summarized the literature
on birthweight, length, organ size and body composition as
well as the state of maturity of newborn children. He
described the well-known macrosomia (large for gesta-
tional age, LGA) in most infants. The fetus responds to
maternal hyperglycemia by hyperinsulinemia that reduces
his blood glucose levels but may lead to enhanced growth.
He also pointed out that in PGD women with nephropathy,
there is a high rate of intrauterine growth restriction
(IUGR). Farquar9 described in detail, as early as 1959, the
appearance of macrosomic infants born to diabetic moth-
ers and their prognosis. They were described as ‘plump,
sleek, liberaly coated with vernix caseosa, full faced and phle-
toric.’ ‘They commonly exceed the mean body weight and
crown heel length, and resemble each other.’ Farquar also
described a variety of perinatal complications, increased
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neonatal mortality as well as placental enlargement and
insufficiency.9

Greco et al.10 studied the gestational age when macrosomia
can first be diagnosed ultrasonographically, by repeated meas-
urements of abdominal circumference between 20 and 36
weeks of pregnancy. He found that at week 24, a significant
difference in abdominal circumference between macrosomic
offspring and offspring of normal birthweight could be
observed. The fetuses then maintained their growth profile
throughout pregnancy.

Factors related to intrauterine growth
Several substances and hormones are thought to be involved
in the imbalanced growth of the fetus in diabetes; amongst
them are insulin, glucose, leptin, adiponectin, ghrelin and sev-
eral growth factors.

Insulin and fetal growth
Maternal hyperglycemia induces fetal hyperglycemia and, in
response, fetal hyperinsulinemia. Although the outcome of
children of diabetic mothers significantly improved since the
1960s, even in well-controlled diabetic mothers, 15–45% of
the newborns are overweight, depending on the degree of dia-
betic control.

In women with Type 1 diabetes, fetal weight at term was
found to correlate with maternal serum levels of IGF1, IGF2
and IGF binding protein,11 thus pointing to a major role of
maternal and/or fetal insulin in the etiology of diabetic
macrosomia. In that line, Silverman et al.8 found when eval-
uating the amniotic fluid insulin levels, that mean amniotic
fluid insulin concentrations were more than twice the con-
trol levels in fetuses of mothers with PGD or GD, and that
hyperinsulinemic fetuses are often macrosomic. Similarly,
high amniotic-fluid insulin levels were observed in obese
children by Mezger et al.12 Hyperinsulinemia would affect
the size of insulin responsive tissues such as adipose tissue,
which is indeed increased in infants of diabetic mothers.
Carpenter et al.13 examined second trimester amniotic fluid
insulin levels in 247 pregnancies at 14–20 weeks of preg-
nancy. Women with abnormal oral glucose challenge tests
and high amniotic-fluid insulin levels often delivered
macrosomic infants. They deduced from their findings that
maternal glucose intolerance during pregnancy might affect
fetal insulin production already in the second trimester of
pregnancy.

Glucose and fetal growth
Mello et al.14 found that infants born to mothers with PGD
with glucose blood levels below 95 mg% throughout preg-
nancy, have children with normal birthweight, while mothers
with higher blood glucose levels in the second and third
trimester of pregnancy have a high proportion of macro-
somic infants. Langer et al.,15 found that women with GD and
average blood glucose levels above 105 mg% had 24% of
macrosomic infants, as opposed to 12% in controls. Most
recent studies indeed agree that maternal hyperglycemia and
high plasma amino acid concentrations have been associated
with fetal macrosomia. Lampl and Jeanty16 examined the

intrauterine growth of 37 fetuses of diabetic mothers in com-
parison to that of 29 fetuses of nondiabetic nonsmoking
mothers. They found that there were asymmetric growth pat-
terns in the fetuses of diabetic mothers with different growth
patterns in the head, limbs and abdomen at different stages of
pregnancy. The clinical White’s class of the diabetic women
and the degree of diabetes control as manifested by Hb A1c
levels affected these growth patterns.

To further study the role of maternal blood glucose levels
during pregnancy on fetal growth, Scholl et al.17 studied the
influence of maternal blood glucose levels in nondiabetic
women on the birthweight of their offspring. They found that
mean weight of newborns increased by 50 g with maternal
blood levels of 99–130 mg% and by 200 g if blood levels were
above 130 mg%. However, higher maternal blood glucose
levels were associated with a higher rate of pregnancy compli-
cations. On the other hand, maternal hypoglycemia was asso-
ciated with reduced birthweight of term infants. All these
studies show that hyperglycemia increases fetal weight and
emphasize repeatedly the importance of good glycemic con-
trol during diabetic pregnancy.

Blood leptin levels and fetal growth
Leptin, the product of the obesity gene ob/ob is a 167-amino
acid protein produced and released by adipose tissue.18 Leptin
is also secreted by various tissues as well as the placenta and is
highly correlated with body fat mass and adipocyte size.19,20

Circulating leptin levels are increased in obese children and
adults. As leptin is known to interact with insulin and insulin
growth factors, several investigators have studied the relation
between leptin, insulin and weight at birth. They found a direct
correlation between cord blood levels of leptin and insulin
with birthweight. High leptin levels, C peptide and insulin were
found in cord blood of macrosomic infants and leptin levels
were higher in macrosomic infants of diabetic mothers in com-
parison to adequate for gestational age (AGA) infants.20–22

Hytinantti et al.,21 found that the increased blood leptin
levels observed in newborn infants of PGD mothers were
reduced in the third day of life to resemble control values,
implying that the high fetal leptin levels in maternal PGD and
GD are apparently a result of the influence of disturbed glu-
cose metabolism on fetoplacental leptin metabolism. Leptin
concentrations were higher in umbilical vein blood as com-
pared to arterial blood, and were higher in the venous blood
of infants of GD mothers compared to controls.22 These stud-
ies show a possible connection of leptin, in the etiology of dia-
betes-induced fetal macrosomia in both PGD and GD, but the
exact role is still unknown.

Blood adiponectin level and fetal growth
Adiponectin, a 30 kDa protein composed of 244-amino acids
derived from adipocytes, and in adults it is inversely related to
leptin concentrations and reduced in obesity.19,23 Adiponectin
is secreted by the human placenta and fetal tissues.23,24 It
seems to play a role in the regulation of glucose and lipid
metabolism as it decreases hepatic glucose production, up-
regulates fatty acid oxidation and hence decreases insulin
resistance. Adiponectin blood levels are reduced in Type 2 dia-
betes, and apparently in GD but this is still in debate.19,25
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There are several studies correlating maternal or fetal
adiponectin levels in pregnancy and fetal weight at term.
Mantzoros et al.26 found in a study of 304 healthy newborns
higher blood levels compared to adults and a positive corre-
lation between their adiponectin serum levels and birth
length. Sivan et al.27 studied adiponectin levels in the cord
blood of 51 newborns and found high levels that positively
correlated with birthweight. Similarly, Pardo et al.28 observed
a positive correlation between adiponectin levels in the cord
blood and birthweight, birth length, gestational age and
leptin levels.

Blood levels of ghrelin and fetal growth
Ghrelin is a 28-amino acid peptide primarily secreted by the
stomach, hypothalamus and placenta.29–31 It stimulates the
secretion of growth hormone and apparently decreases fat uti-
lization and hence increases adiposity. As it is found in the
umbilical cord plasma in full term infants, it was considered
that it may play a role in fetal energy balance and growth. In a
recent study Farquar et al.30 found that the umbilical cord
levels of ghrelin were inversely related to birthweight z-score
and to cord blood glucose. They also found a positive correla-
tion between grelin plasma levels and gestational age in AGA
or LGA infants, but a negative correlation in SGA infants.
Ghrelin concentrations were higher in the SGA than in AGA
and LGA infants, but were independent of maternal diabetes.
In a recent study Ng et al.31 found reduced plasma ghrelin
levels in 38 newborns of mothers with Type 1 PGD treated
with insulin, in comparison to 40 infants of control nondia-
betic mothers and to 42 infants born to mothers with GD
treated only by low energy diet. There was no difference in
serum leptin levels between the groups, but it correlated with
anthropometric parameters: birthweight, body length and
subscapular skinfold thickness. Insulin levels were higher in
the offspring of the PGD mothers.

It can be concluded that maternal and fetal blood levels of
various substances that control normal fetal growth, often
deviate in diabetes from the normal and hence affect fetal
growth. In addition, the growth hormone – IGF-I–IGF-II
axis seems also to be deranged, especially in poorly con-
trolled diabetic pregnancies. The exact relative role that each
one of these factors plays in the disturbance of fetal growth,
and how it correlates with the severity of diabetes, remains to
be elucidated.

Follow-up studies of weight and
height in children of diabetic mothers
In developed countries where malnutrition at childhood is
very rare and nutrition is optimal, postnatal growth is largely
attributed to genetic and prenatal factors. Therefore, the fac-
tors affecting fetal growth in diabetic pregnancies also have a
major influence on their postnatal growth. Hence, perinatal
and/or postnatal factors, such as nutrition and chronic dis-
eases are of secondary importance. The postnatal growth in
offspring of diabetic mothers, due to different prenatal factors
are to a large extent dependent on birthweight, whether the
infant was born SGA, AGA or LGA.

Growth of SGA infants
In the pre-insulin era, most infants of diabetic mothers were
of low birthweight due to maternal starvation that was then
the way to reduce serum glucose levels and avoid intrauterine
fetal death.5 Since the introduction of insulin, low birthweight
in infants of mothers with PGD is usually a sign of severe dia-
betic vascular complications and is observed in increasing fre-
quencies in women with PGD and hypertension, renal disease
or with malformed infants.5,9,32 It is interesting to note that in
studies assessing the in utero early embryonic and fetal growth
of diabetic mothers, early fetal growth retardation was accom-
panied by an increased rate of congenital anomalies.32

However, overzeallous treatment of diabetes causing periods
of reduced blood glucose levels may cause low birthweight.
Langer et al.15 have found that the rate of LBW in women with
GD and mean gestational blood glucose levels below 87 mg%
was 20%, significantly lower, than in controls that had only
11% of LBW infants.

Low birthweight is a risk factor for a variety of diseases
including hypertension, cardiovascular diseases and diabetes.
Hence, it is important to reduce the rate of SGA among off-
spring of diabetic mothers. Indeed, with better treatment of
PGD and of GD, more infants are born to such mothers with
normal birthweight, thus reducing these specific complica-
tions of SGA. As pregnant diabetic women tend to develop
thiamine deficiency and thiamine is important for glucose
oxidation and for insulin production and cell growth, it may
be important to advice dietary supplementation of thiamine
to diabetic women during pregnancy as this may at least
improve fetal growth in growth-retarded fetuses.33

There are few studies describing the growth of low birth-
weight infants of diabetic mothers. In a relatively recent study
published by Biesenbach et al.,34 10 children of mothers with
PGD and nephropathy were compared to 30 children of
mothers with PGD without nephropathy. In the first group,
birthweight was significantly reduced (2250 vs. 3554 g). In
addition, prematurity was increased to 60% in the mothers
with nephropathy with no premature infants in the second
group. Reduced growth persisted and at follow-up at 3 years of
age, six of the 10 children from the first group had body
weight below the 50th percentile and five had height below the
50th percentile, with none in the second group. Language
development in the children of the first group was also delayed
and they had more infectious diseases.34

Growth of AGA or LGA infants
In a follow-up study on infants of diabetic mothers, Silverman
et al.8 found that the higher birthweight of infants born to the
mothers with GD and PGD, which was observed in more than
50% of the newborns in his series, gradually disappeared. At 
1 year, body weight was similar to that known for the general
population of children at that age. Overweight then reap-
peared after the age of 5 years, and at 8 years, over 50% of the
boys had body weight at or above the 90th percentile. A similar
trend was observed in girls as almost half of them were at 
8 years of age with weight above the 90th percentile. The height
of boys and girls at that age was also significantly higher than
in the comparison control group. Similar results were reported
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by Rizzo et al.35,36 in their studies on children born to diabetic
mothers. Vohr et al.37 found that overweight newborns of
mothers with GD have increased fatness at one year of age.
Later, at 4–7 years, they had higher body mass index (BMI)
and increased skinfold measurement. Other investigators
reported38 that children with high birthweight tended to be
overweight and taller as adolescents and as adults. This holds
true even in macrosomic infants born to nondiabetic mothers.

Touger et al.39 studied the growth pattern of Pima Indian
children born to diabetic women from birth to 7.7 years of
age, in comparison to the growth pattern of children born to
nondiabetic mothers at similar ages. They found that the chil-
dren born to diabetic mothers were heavier at birth than the
controls. At 1.5 years they were shorter than the controls but
their weight was similar, meaning that they had a higher BMI.
At 7.7 years they had the same height as the controls but were
heavier. The results of this study are in line with studies on 
in utero growth patterns of fetuses of diabetic mothers, inas-
much as the patterns are strikingly different from the growth
patterns of fetuses and infants of nondiabetic mothers.

In a recent study, Schaefer-Graf et al.40 studied the correla-
tion between birthweight, parental BMI and overweight in
childhood in a cohort of 324 pregnancies complicated with
GD. They found that the children of mothers with GD have a
high rate of overweight, which is positively associated with
birthweight and parental obesity with high BMI. Interestingly,
breast fed infants of diabetic mothers, while fed in the first
week of life, had a higher tendency to develop overweight in
later childhood, but breastfeeding after the first week does not
seem to have any additional effect.

We have studied the weight and height of 6–12 years old
children born to women with well-controlled PGD or GD.41–43

The children weighed more than age and SES matched control
children. There was no correlation between birthweight and
the weight at examination, and most children were of normal
birthweight. There was no significant difference between the
diabetic groups of children and the controls in the head cir-
cumference or height. Overweight became more pronounced
in the elder, 9–12 years old children. The number of elder chil-
dren born to mothers with PGD that had a body weight of 90th

percentile or above was 4 times higher than in the age appro-
priate controls.

It can be concluded that prenatal growth and the degree of
diabetic control in infants of diabetic mothers influences, to a
large extent, their postnatal growth. In infants born SGA,
decreased postnatal growth is common, while infants born
LGA or even AGA tend to be larger and heavier at childhood
and as adults.

The effects of diabetes on postnatal
intellectual and neurological
development
Studies describing the growth and development of children
born to diabetic mothers often report normal physical growth
and no significant neurological damage. Children born to dia-
betic mothers may be able to compensate for slight motor

impairment, and their daily function may be normal.
However, when coping with complex motor tasks, they may
have difficulty in performing adequately. This may be true also
for higher intellectual function such as attention span or
learning abilities.

The development of children born to diabetic mothers was
studied for almost 40 years. Churchill et al.44 were apparently
the first to describe the finding of lower IQ scores in children
born to diabetic mothers with acetonuria while children born
to diabetic mothers without acetonuria, functioned normally.
No effect of insulin treatment on the IQ of the offspring was
noted, and there was no correlation of the IQ with the dura-
tion of maternal diabetes. Schulte et al.,45 in their study on the
neurological development of newborn infants born to dia-
betic mothers found longer rapid eye movement (REM) sleep
time, seemingly as a sign of reduced brain maturation, in
these newborns in comparison to controls. Stehbens et al.46

examined children born to diabetic mothers at 1, 3 and 5
years of age. The SGA children born to diabetic mothers had
lower cognitive scores in comparison to controls. Similarly,
Petersen et al.47 found that SGA children of diabetic mothers
had lower verbal performance at 5 years, but the children that
did not suffer in utero from growth retardation were normal.
In contrast, Cummins and Norrish48 did not find differences
in cognitive scores of children born to diabetic mothers at
4.25–13.5 years of age as compared to controls, and Person
and Gent49 found no differences on these measures at 5 years
of age. Rizzo et al.35 also found no developmental delay in
children born to mothers with PGD or GD, but found an
inverse correlation between maternal blood β-hydroxybu-
tyrate levels and scores on IQ tests for these children. In a
later study Rizzo et al.36 evaluated psychomotor development
of children at ages 6–9 years and found a significant negative
correlation between maternal second and third trimester β-
hydroxybutyrate level and performance on the Bruininks-
Oseretzki test that measures fine and gross motor abilities.
Yamashita et al.50 prospectively evaluated the development of
33 children born to diabetic mothers in comparison to 34
control children. They found in these children significantly
lower scores on the Tanaka–Binet intelligence test. These
investigators did not find any correlation between the IQ of
the child and the HbA1c blood levels during pregnancy. This
was in contrast to the findings by Sells et al.51 who reported
on an inverse correlation between maternal HbA1c levels
during pregnancy of diabetic women and the development of
their offspring. Similarly, Hod et al.52 prospectively evaluated
the development of 1-year-old infants of 31 women with
PGD in comparison to 41 nondiabetic controls. The authors
found lower scores on the Bayley developmental scales in the
infants born to the diabetic mothers, in spite of good meta-
bolic control in pregnancy. Kowalczyk et al.53 also found
abnormalities in the development of infants born to diabetic
mothers, especially those with poor glycemic control in preg-
nancy. Nelson et al.,54 in a series of electrophysiologic studies
on infants of diabetic mothers in comparison to controls,
found deficit in auditory and visual recognition, the infants
having difficulty in visually recognizing objects they had pal-
pated. They also had at 1 year of age slightly lower scores on
Bayley mental scales. The authors concluded that infants of
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diabetic mothers have ‘neurophysiologic evidence of persist-
ent slight impairment in hyppocampally-based recognition
memory.’

In contrast to these developmental studies performed on
children born to mothers with PGD that show developmental
delay in various areas, the data on children born to mothers
with GD are less conclusive. This issue has important clinical
implications since GD is relatively common, and develops
exclusively in the second half of pregnancy, often causing sig-
nificant metabolic dysfunction. This may still lead to an
increase in the rate of developmental disorders since the major
developmental events of the cerebral cortex occur during the
second half of pregnancy.55

Children born after high-risk pregnancies tend to show
developmental delay, learning difficulties at school and a high
rate of attention deficit hyperactivity disorder (ADHD),
although predictors of individual outcome are difficult. The
Diagnostic and Statistical Manual-IV (DSM-IV) indicates56

that ADHD is associated with a variety of behavioral problems
and is more often diagnosed at school age. Intellectual ability
in children with ADHD as well as with learning difficulties is
usually within the normal range.

As most developmental studies performed on children
born to diabetic mothers were carried out at preschool age, the
issue whether diabetes may have some effect on the prevalence
of ADHD and learning difficulties was rarely discussed. We
therefore performed a series of follow up studies on school-
age children to specifically address this issue.

Studies performed by us
The purpose of our studies was to assess the development of
early school age children born to mothers with PGD or GD in
comparison to pair matched controls, using a number of cog-
nitive, sensory, motor, behavioral and neurological tests. We
also intended to correlate the neurological function of these
children to the degree of metabolic dysfunction observed in
the diabetic mothers.

Subjects and study method
Subjects
The sample consisted of: (a) 57 children (49% girls), born to
48 Type 1 and Type 2 diabetic mothers; (b) 32 children (41%
girls) born to 32 women with GD; and (c) 57 control children
(44% girls) born to 57 nondiabetic healthy mothers. They
were pair matched on age, socio-economic status (SES, based
on parental education and occupation), gestational age, birth
order, and family size. All children were born between 1982
and 1987 at the Sheba Medical Center, Tel Hashomer, near Tel-
Aviv, where the mothers with PGD or GD were also followed
up and cared for their diabetes with the goal of achieving opti-
mum glycemic control. All children studied in regular schools.
Parental education was similar in the diabetic mothers and
controls. Only children born after 34 weeks of gestation par-
ticipated in the study. Details of the study were described by us
elsewhere.41–43

The following tests were administered to each participating
child:

1. A complete physical examination.
2. The Touwen & Prechtl neurological examination for the

child with minor neurological dysfunction.
3. Evaluation of the cognitive score using the Wechsler

Intelligence Scales for Children Revised (WISC-R, 1974),
and the Bender Visual Gestalt test.

4. The Pollack Taper Test, which is designed to assess atten-
tion deficits. The child is asked to repeat a specific sequence
of light blinks and auditory taps presented by the tester.
The number, sequence and duration of these stimuli is
adapted to the child’s age. Children with attention deficit
tend to obtain lower scores than children with normal
attention span. The higher the score, the better is the child’s
attention to rhythmic stimuli.

5. Bruininks–Oseretsky Motor Development test. This test
examines fine and gross motor development of children
aged 4.5–14.5 years.

6. Southern California Integration Test, for the evaluation of
children’s sensory functioning. This test includes three sub
tests: manual form perception (MFP), finger identification
(FI) and localization of tactile stimuli (LTS).

7. The Conner’s abbreviated Parent–Teacher’s Questionnaire
for the study of hyperactivity and inattention was 
administered to the parents. The higher the score is, the
more hyperactivity and attention problems (ADHD) in 
the child.

Maternal state of diabetes control in the diabetic women
We examined the medical files of all mothers with PGD for
the evaluation of the clinical status, diabetic complications
and degree of diabetes control. The laboratory examinations
performed included pre and postprandial glucose blood
levels which was performed up to 6 times/day by the preg-
nant women using a glucometer. The clinical details of the
women with GD were incomplete and were therefore not
considered.

For each woman with PGD we calculated: (1) average
blood glucose levels and counted the number of cases of hypo-
glycemia (<60 mg/dL) or hyperglycemia; (2) the complica-
tions of diabetes according to White’s classification; and (3)
average percent of glycosylated hemoglobin (HbA1c) that was
available for only 19 women with PGD. These variables were
correlated with the results of the developmental assessments
of the children.

Statistical evaluation
We compared research and control groups by paired t-tests
for each dependent variable. For comparison of the groups
on the Touwen and Prechtl neurological examinations we
used the Wilcoxon matched-pair signed-ranks test. Pearson
correlations were calculated between the metabolic findings
of the diabetic mothers and the scores on the neurodevelop-
mental tests of their children. The correlation was calculated
for each trimester of pregnancy and then for the entire period
of pregnancy.
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Results

Birthweight, perinatal complications and physical
parameters at examination
The average birthweight of the children born to diabetic
mothers (PGD and GD) was not significantly different from
controls (Table 49.1). Children born to diabetic mothers were
heavier than controls in body weight at examination. There
was no correlation between birthweight and the weight at
examination. There was no significant difference between
those born to diabetic mothers and the controls in the average
height and head circumference at examination.

Cognitive and neurological development
Table 49.1 also shows the results of the WISC-R and Bender
tests for the diabetic and control groups. No differences were
found between the groups of children in the WISC-R scores,
but the Bender scores of the children born to mothers with
GD were slightly lower than controls.

Results of the neurological and the motor assessments of
the children are given in Table 49.2. Children born to diabetic
mothers had significantly lower scores on the
Bruininks–Oseretsky fine and gross motor scores as compared
to controls.

No differences between the children of diabetic mothers
and the controls were observed in any of the three sub-tests of

the Southern California Integration test (NFP, FI and LTS)
that were designed to reflect sensory–motor functioning.
Children born to mothers with PGD, but not with GD, had a
significantly higher number of soft neurological signs in the
Touwen & Prechtl examination (Table 49.2). A higher score is
indicative of a larger number of soft neurological deficiencies.

Attentional functioning
There was a marked difference on the Pollack Taper test
between the control group children and the children born to
diabetic mothers, the average score of these children being
lower than in controls, meaning lower attention span (Table
49.2). Similarly, children born to mothers with PGD obtained
higher scores on the Conner’s abbreviated Parent–Teacher’s
Questionnaire in comparison to controls, indicating more
hyperactivity and inattention. However, the differences in the
scores were not statistically significant. When the number of
children having 15 or more failure points was compared
among the groups, it was significantly higher in the children
born to diabetic mothers in comparison to controls.

Correlation between neurodevelopmental assessment
and severity of PGD
We present the correlation between the results of the neurode-
velopmental assessments and the severity of PGD, as indicated
by glucose blood levels, urinary acetone, and percent of HbA1c.
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Table 49.1 Comparison of parameters of growth and cognitive scores between control children and children born
to mothers with PGD or GD

Control, Mean (SD) Mothers with PGD, Mean (SD) Mothers with GD, Mean (SD)

Birthweight (g) 3381 (582) 3528 (645) 3348 (676)
Head circumference, percentile 48 (24) 47 (24) 47 (22)
Height, percentile 44 (30) 45 (23) 49 (25)
Weight, percentile 44 (30)* 57 (32) 68 (27)
IQ, WISC-R. 118.5 (11) 117.7 (12) 113.5 (14.3)
Verbal WISC-R 114.4 (12) 112.4 (12) 108.0 (11.5)
Performance 119.7 (11.5) 120.4 (19) 116.0 (16.0)
Bender (%) 48.6 (26.5) 48.0 (24) 32.0 (27.0)*

*Significantly different from diabetic or gestational diabetic mothers.

Table 49.2 Comparison of motor development (Bruininks–Oseretzki) and of neurological and behavioral evalua-
tion (Touwen & Prechtl, Pollack and Conners) in control children and those born to mothers with PGD or GD

Test Controls, Mean (SD) Mothers with PGD, Mean (SD) Mothers with GD, Mean (SD)

Bruininks total 138 (21)* 129 (20) 121 (27)
Bruininks gross motor 60.8 (12)* 57 (11) 57 (15)
Bruininks fine motor 62.5 (9)* 58 (10) 49 (11)
Touwen & Prechtl (number of 4.00** 8.45 4.8

failure signs)
Pollack 28.9 (5.7)* 24.3 (11.2) 24.3 (11)
Conners 7.7 (4.3) 9.1 (4.8) 7.4 (6.3)

*Significantly higher than in children born to mothers with PGD or GD.
**Significantly lower than children born to mothers with PGD.
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A negative correlation was found between the percent of
HbA1c and the scores on the Bender Gestalt test, as well as the
total motor scores on the Bruininks–Oseretzki test, indicating
that sensory-motor function of children born to mothers with
PGD tends to be lower with higher glycosylated hemoglobin
levels. A similar negative correlation was found between posi-
tive urinary acetone and the motor ability of the children: the
higher the acetonuria, the lower were the total motor scores on
the Bruininks test.

A negative but non-significant correlation (−0.25) was
found between the percent of HbA1c, and the Pollack Taper
test, indicating that a high percent of HbA1c was related to
poorer attention ability.

Surprisingly there was a positive correlation between the
glucose blood levels and the results of the Bender test and of
the IQ on the WISC-R test. The correlation between maternal
hyperglycemia and maternal education was found to be 
positive, indicating that maternal education, rather than high
blood glucose, may be the factor responsible for the high
WISC-R and Bender–Gestalt scores in these children.

No correlation was found between the medical status of the
newborn infants (i.e. hypoglycemia, increased or decreased
birthweight) and outcome of any of the associated variables in
the children born to diabetic mothers. This emphasizes the
importance of the environment of the child in the development

of its intellectual capacity, as observed in several other studies
of ‘high risk’ infants.

Conclusions
It is obvious from many studies that in well-controlled diabetes
in pregnancy, the intellectual function of the offspring is usu-
ally within normal limits. However, fine and gross motor abil-
ities, attention span and activity level are worse among children
born to mothers with PGD and GD when compared to
matched controls. In some studies the differences from con-
trols is larger in younger than in elder children. It is possible that
the metabolic derangement during diabetic pregnancy delays
brain maturation and therefore fine neurological functions are
impaired at a young age. Advancement in age will enable func-
tional recovery, providing that the child is raised in an environ-
ment that is optimal for growth and development. The effects of
GD on development may also result from the adverse effects of
metabolic diabetic factors (i.e. hyperglycemia and hyperketone-
mia) during the second half of pregnancy, when higher func-
tions of the brain develop. These results emphasize the
importance of good glycemic control throughout pregnancy
both in PGD and GD and not only in the first trimester, which
is the commonly advised practice.
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Diabetes mellitus and impaired
glucose tolerance in women with
previous GDM
Although glucose tolerance returns to normal in the majority
of women with GDM shortly after delivery, there is substantial
evidence that these women have an increased risk of develop-
ing overt diabetes later in life.1 In the classical studies by
O’Sullivan, diabetes was diagnosed in 36% of women 22–28
years after a pregnancy with GDM.2 A significantly increased
risk for diabetes has later been confirmed in other populations,
some of which are presented in Table 50.1. However, large vari-
ations exist among the different published studies. The trend
has been that the reported risk for diabetes is higher in studies
from the US compared to European studies. This has been
ascribed to many factors where differences in ethnicity, degrees
of obesity and diagnostic and screening criteria are the most
important.

Methodological considerations
Differences in diagnostic tests and criteria for GDM plays an
important role when evaluating and comparing the risk for
developing diabetes after a pregnancy with GDM. The higher
the blood glucose level needed to fulfil the criteria for the
diagnosis of GDM, the higher risk of subsequent development
of diabetes is to be expected.

At follow-up the majority of the studies applied a 75-g
oral glucose tolerance test (OGTT) evaluated by World
Health Organization (WHO 1985 or 1999), National
Diabetes Data Group (NDDG) and recently also American
Diabetes Association (ADA) criteria.3–6 The WHO 1999 cri-
teria identified a similar number of cases with diabetes and
impaired glucose tolerance (IGT) as WHO 1985, and a sim-
ilar rate of diabetes but a much higher rate of IGT than the
ADA criteria which only uses fasting glucose levels.7–9 The
NDDG criteria probably give a slightly lower incidence rate
of IGT.10

Women with insulin treated GDM have a significantly
higher risk of developing overt diabetes later in life than
women treated with diet only.11,12 However, it should be con-
sidered that the plasma glucose level at which insulin therapy
is initiated varies between studies. According to the defini-
tion of GDM a subset of the women with insulin treated
GDM would have Type 1 diabetes with accidental onset
during pregnancy. In a Danish population, the majority of
these women could be discharged from hospital after deliv-
ery without insulin treatment, but a nearly 100% incidence
of subsequent development of diabetes was reported.13 The
current GDM definition also allows women with undiag-
nosed Type 2 diabetes antedating pregnancy to be catego-
rized as having GDM. Thus in populations with a high
incidence of these women a relatively high rate of abnormal
glucose tolerance in the postpartum period might be
expected. The background incidence of both Type 1 and
Type 2 diabetes varies considerably among different popula-
tions. It has generally been assumed that GDM is associated
with an increased risk for later development of Type 2 dia-
betes and not Type 1 diabetes, but very few studies have
addressed this question specifically.

The incidence of overt diabetes in the general population is
increasing with age. Hence the time span between index preg-
nancy and follow-up examination should be considered when
comparing the various studies. Accordingly, some studies per-
forming life-table analysis found much higher estimates of the
cumulative incidence rate of diabetes than the crude incidence
rates.11,14,15

The above-mentioned methodological problems underline
the significance of an appropriate control group of women. In
the relatively few follow-up studies including a control group,
women with previous GDM had an excess diabetes risk
between 3 and 30%.2,16–19 For obvious reasons not all women
with GDM during a specific period will be available for
follow-up several years later, but it is crucial that the women
investigated at follow-up constitute a representative and large
subset of the initial GDM population to ensure that the study
material is not biased.
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Copenhagen series
The participation rates in our two follow-up studies17,20 were
high (81 and 67%), and the participants representative for the
total GDM population. All women with GDM were diagnosed
by uniform criteria in the same laboratory and treated with
diet only. A clear distinction between Type 1 and Type 2 
diabetes was made.21 Ethnically, the material was homoge-
neous with 90% Scandinavian Caucasians in the first and 75%
in the most recent study.

At the first follow-up study17 glucose tolerance was evalu-
ated according to the WHO 1985 criteria.3 With a 6-year
median observation time since index pregnancy, 34.4% of the
241 women with previous GDM had developed abnormal glu-
cose tolerance; 3.7% had Type 1 diabetes, 13.7% Type 2 dia-
betes and 17.0% IGT. An OGTT around 2 months postpartum
is routinely offered to all our women with GDM, and diabetes
was diagnosed at this examination in four women (three Type 1
and one Type 2 diabetes). At follow-up some women were
already diagnosed with overt diabetes, but more than half of
the women with Type 2 diabetes were diagnosed for the first
time at the follow-up study.17,22,23 In the control group none
had diabetes but IGT was found in 5.3%. Women who devel-
oped Type 1 diabetes were younger and leaner than the GDM
women who did not, with a high prevalence of the Type 1 dia-
betes typical HLA-DR types DR3 and DR4 and of the autoim-
mune markers ICA22 and GAD.24 Thus it is very likely that
women developing Type 1 diabetes after pregnancy have an
already ongoing beta-cell destruction during pregnancy which
is unmasked by the pregnancy induced insulin resistance as
also indicated by others (for review see Mauricio25). Type 1
diabetes tended to be diagnosed earlier after pregnancy than
Type 2 diabetes. Finally it is likely that some of the GDM
women developing diabetes have maturity onset diabetes in

the young (MODY). This is supported by the fact that MODY
typical gene mutations have been found in around 5% of
women with GDM.26

In our latest follow-up study20 glucose tolerance was evalu-
ated according to the WHO-1999 criteria.4 The cohort of 481
GDM women included 151 women from the first follow-up
resulting in a follow-up length of up to 23 years (median 10
years). Two thirds had abnormal glucose tolerance, 3.9% with
known Type 1 diabetes, 17.3% with known Type 2 and 19.3%
were diagnosed with diabetes at follow-up while another
26.4% had IGT, impaired fasting glucose (IFG) or both. Even
among women with BMI <25 kg/m2 the incidence of abnor-
mal glucose tolerance was as high as 50%.27

In conclusion, women with GDM have a considerably
increased risk of developing diabetes (both Type 1 and Type 2
diabetes), IGT or IFG in the years following pregnancy. The
incidence of abnormal glucose tolerance increases with
increasing follow-up time since pregnancy.15 Some of the
women with previous GDM who develop overt diabetes will,
at least in some populations, develop Type 1 diabetes, a fact
that might have been underestimated in some studies.

Predictive factors for development of
overt diabetes in women with
previous GDM
Having confirmed that women with GDM are at risk for sub-
sequent development of overt diabetes it could be relevant, at
least in populations with a low prevalence of diabetes, to be
able to predict which women among the women with previ-
ous GDM who have the highest risk. Yet, the high proportion
with diabetes among women with a history of GDM, even in
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Table 50.1 Follow-up studies on the incidence of abnormal glucose tolerance after pregnancy in women with 
previous gestational diabetes

n Prevalence of glucose intolerance

Origin/OGTT GDM Control Length of follow-up GDM Control

Boston, USA, 1979 (2,14)/** 615 328 22–28 years DM 36% DM 6%
Melbourne, Australia, 1991 (57)† 881 1–19 years DM 12%; IGT 16%
Stockholm, Sweden, 1991 (16)/† 145 41 3–4 years DM 3%; IGT 22% DM 0%; IGT 2%
Copenhagen, Denmark*, 1992 (17)/† 241 57 2–11 years DM 17%; IGT 17% DM 0%; IGT 5%
Providence, USA, 1993 (29)/†† 350 <10 years DM 7%; IGT 4 %
Chicago, USA, 1993 (11)/** 274 <5 years DM 41%; IGT 16%
Los Angeles, USA, 1995 (15)/†† 671 5 years T2DM 47%
Madrid, Spain, 1999 (7)/† 788 3–6 months DM 5%
London, England, 1999 (8)/†† 192 <7 years DM 25%; IGT 29%
Barcelona, Spain, 2000 (9)/† 120 <1 year DM 2%; IGT 12%; 

IFG 3%
Lund, Sweden, 2002 (18)/† 229 60 1 year DM 9%; IGT 22% DM 0%; IGT 2%
Barcelona, Spain, 2003 (19)/†† 696 70 0–14 years DM 6%; IGT 12% DM 0%
Copenhagen, Denmark*, 2004 (20)/†† 481 4–23 years DM 40%; IGT/IFG 27%
Germany, 2006 (12)/†† 302 8 years DM 53%

Studies presented are those applying an OGTT at follow-up (excl. postpartum follow-up) and with more than 100 subjects with prior GDM. 
*Only women with previous diet-treated GDM. † 75-g OGTT (WHO 1985), †† 75-g OGTT (WHO 1999), ‡ 75-g OGTT (NDDG), ** 100-g OGTT  
(NDDG). NGT: normal glucose tolerance. IGT: impaired fasting glucose. DM: diabetes.
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populations previously considered as low risk populations,
insinuate that these women comprise a group of potential dia-
betics decades after delivery.

Many potential predictive factors like, e.g. plasma glucose,
plasma insulin, relative weight and age are closely related and
hence it is necessary to control for covariance and confound-
ing factors in the analysis of predictive factors for diabetes
development, a fact not always taken into consideration.

Table 50.2 summarizes the pregnancy related predictive
factors for future diabetes, both Type 1 and Type 2 diabetes,
identified by multivariate analysis. Other obvious factors pre-
dictive for diabetes are the characteristics also predictive for
diabetes in the background population such as age and weight
at follow-up.

Predictor variables differ naturally among the different
populations studied. Some common features are nevertheless
present. The majority of women with GDM who in the post-
partum period still have an abnormal OGTT (although not
overt diabetic) will normalize their glucose tolerance within
one year.28 However, these women do, a priori, have a more
disturbed glucose metabolism compared with women with
normal glucose tolerance postpartum and are therefore
expected to have an increased risk for diabetes development
later in life. In agreement with this the best predictor for later
development of diabetes is elevated glucose levels during an
OGTT in the postpartum period. The significance of this find-

ing is underlined by the fact that it was found in two ethnically
very different populations namely Hispanic Americans15 and
Scandinavian Caucasians17 with relative risks as high as 11 and
5, respectively. Several studies have shown that the more sig-
nificant the maternal glucose tolerance during pregnancy is
affected, the higher is the risk for future development of
abnormal glucose tolerance.14,15,17,20,28–30 Not surprisingly
maternal overweight, a well known risk factor for develop-
ment of Type 2 diabetes, was also a risk factor in some stud-
ies.9,11,14,20,29 An additional pregnancy or weight gain after the
GDM pregnancy has also been related to increased risk of sub-
sequent overt diabetes.31,32

Interestingly a low and relatively insufficient insulin secre-
tion during pregnancy predicted development of diabetes in
several studies9,11,17 in accordance with studies in non-GDM
populations where a low insulin response to intra venous and
oral glucose has been found to predict development of Type 2
diabetes.33,34

Although women with GDM as a group have a low preva-
lence of autoimmune markers of Type 1 diabetes (ICA,
GAD) it has been shown that the presence of one or more of
these is highly predictive for the later development of Type 1
diabetes.12,22,35

In the latest Copenhagen study20 we found that women
diagnosed with GDM in the years 1985–1996 had a 3-fold
increased risk of having diabetes compared with women with
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Table 50.2 Pregnancy-related independent predictors of subsequent diabetes identified in our latest study in the
Copenhagen series20 and evaluated in previously published studies as either confirming or not confirming that the
factors are predictors for subsequent diabetes

Possible predictive factorsa ORb Confirming studies Non-confirming studies

For diabetes
Pre-pregnancy BMI 1.0/2.2/3.0c (7,11,19,29)
Early diagnosis of GDM 3.6 (19) (7,17)
High fasting BG at GDM diagnosis 2.3 (17) (7)
IGT postpartum 4.4 (7,17)
GDM 1987–1996 vs. 1978–1985 3.1

For Type 2 diabetes
Pre-pregnancy BMI 1.0/2.6/4.2c (15,19), (17)d
Family history of diabetes 1.9 (7,12,14,15,17,19)
Early diagnosis of GDM 2.9 (15)
High fasting BG at GDM diagnosis 2.1 (15)
IGT postpartum 3.5 (15)

For Type 1 diabetes
IGT postpartum 2.8
Preterm delivery 3.2 (17) (14)

Not predictive
Parity (12) (7,14,15,17)
Maternal age at index pregnancy (14,18) (7,12,15,17)
Ethnicity (1) (17)
LGA infant (7,14,17,19)

aFactors examined by multiple logistic regression analyses in our latest follow-up (20). bThe results from the multiple logistic regression analyses
presented as odds ratio (OR) for diabetes vs. not diabetes adjusted for other predictive factors with length of follow-up as a covariate. cNormal
weight (BMI <25 kg/m2)/overweight (BMI 25–30 kg/m2)/obesity (BMI >30 kg/m2). dExcl. Type 1 diabetic women. Early diagnosis of GDM: GDM
diagnosis before 24 weeks of gestation.
High fasting blood glucose (BG): BG > 5.6 mmol/L. IGT: impaired glucose tolerance. Preterm delivery: Delivery before 37 weeks of gestation.
LGA: large for gestational age.
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GDM in 1978–1985. The 1985–1996 cohort was more over-
weight and obese but controlling for this and other known
confounders did not change the increased risk. One could
speculate if this could be due to inappropriate behavior at work
and leisure time, such as e.g. decreased physical activity and
increased use of television and computers, fast food etc, all fac-
tors we were not able to control for in the analyses. This theory
is supported by a study by Hu et al. including a large cohort of
female nurses, where physical activity, both at work and leisure
time, correlated with a lower incidence of diabetes.36

Insulin resistance and the metabolic
syndrome
Type 2 diabetes is characterized by insulin resistance/decreased
insulin sensitivity primarily in skeletal muscle and decreased
insulin secretion,37 but the primary defect in the pathogenesis
of Type 2 diabetes is still unknown. In normoglycemic individ-
uals insulin secretory dysfunction as well as decreased insulin
sensitivity have been found to be precursors of diabetes.33

Several studies have documented decreased insulin sensi-
tivity in lean as well as obese glucose tolerant women with pre-
vious GDM.38,39 The decreased insulin sensitivity is mainly
caused by a reduced non-oxidative glucose metabolism in
skeletal muscle tissue.38 The cellular background for this is not
known. A relatively decreased insulin secretion in lean and
obese glucose tolerant women with previous GDM has also
been found.9,38,39 Thus women with previous GDM exhibit the
metabolic profile of Type 2 diabetes several years after the
GDM pregnancy despite a normal glucose tolerance.

The presence of insulin resistance can lead to impaired glu-
cose regulation and overweight, characteristics often accompa-
nied by hypertension or dyslipidemia. The presence of several
of these pathophysiological features comprises the metabolic
syndrome (X) or the insulin resistance syndrome.4 As glucose
intolerance and overweight are frequent characteristics of
women with prior GDM they should theoretically be at risk of
the metabolic syndrome. The definitions of the metabolic syn-
drome4,40,41 differ at several points. Overweight can be evalu-
ated by either BMI or waist circumference, and there are
different cutoff values for hypertension, glucose intolerance,
and dyslipidemia. Insulin resistance is evaluated by either the
intravenous glucose tolerance test or fasting serum insulin.40

Recently the International Diabetes Federation (IDF) proposed
a new set of criteria for the metabolic syndrome42 combining
two of the previous definitions.4,41

The presence of the metabolic syndrome predicts a signif-
icantly increased risk of cardiovascular disease43 and it is
mandatory for health care providers to evaluate all the ele-
ments of the metabolic syndrome in all subjects with a sig-
nificantly increased risk of diabetes, such as women with
prior GDM. Yet, only few studies have evaluated the preva-
lence of the metabolic syndrome in women with previous
GDM. Although the studies differ regarding design and def-
initions applied, the risk of the metabolic syndrome is 2- to
3-fold increased in women with prior GDM compared to
women without a history of GDM.27,44,45 In the Copenhagen
studies the prevalence of the syndrome was evaluated by

three different definitions.4,41,42 Up to 40% of the women
with previous diet-treated GDM had the metabolic syn-
drome and this was three times higher than in the control
group, even after adjusting for age and BMI, and independ-
ent of the definition used.27 Among glucose tolerant women
with prior GDM, the prevalence of the syndrome was more
than 2-fold increased compared to the control group, and for
normal weight women the risk was 5-fold increased.

Concluding remarks
The increasing prevalence of Type 1 and 2 diabetes world-
wide46 impose the need for early diagnosis of diabetes and pre-
vention. It is well known that Type 2 diabetes often is
asymptomatic during the first years, and it has been estimated
that the onset of the disease occurs at least 4–7 years before the
clinical diagnosis since more than 20% of newly diagnosed
Type 2 diabetic patients have micro- or macrovascular dia-
betic complications.47,48

Up to one-third of women with diabetes may have had
GDM previously.49 Substantial evidence indicates that an
OGTT should be performed around 2 months postpartum in
all women with GDM. First, a high frequency of abnormal
glucose tolerance is found at this time,11,15,17,28,30,50 and second,
the result of the OGTT is highly predictive for the develop-
ment of later overt diabetes.15,17 Furthermore women with
previous GDM should have an OGTT with regular intervals
beginning one year after pregnancy. Markers of the metabolic
syndrome as abdominal circumference, blood pressure and
lipid profile may be investigated in addition to the OGTT.

It is now well described in different populations of subjects
with prediabetes that lifestyle changes with increased physical
activity, weight loss and a healthy diet can reduce the risk of
progressing to Type 2 diabetes.51–54 Also pharmacological
intervention e.g. with metformin has been found to reduce the
progression to diabetes.54 A common characteristic of these
studies is that the subjects were seen intensively over a long
period of time. In women with prior GDM and IGT after
pregnancy, Buchanan et al.55 found an improvement of insulin
sensitivity by prophylactic treatment during 30 months with
an insulin-sensitising drug, troglitazone. The effect persisted 8
months after study medication stopped. This was thought to
be due to preservation of the pancreatic beta cell.
Unfortunately, troglitazone has later been withdrawn from the
marked due to side effects but similar products, such as piogli-
tazone, seems to have similar beneficial effects.56

The prevalence of ICA and GAD autoantibodies in GDM
pregnancy is low, but the predictive value for later Type 1 dia-
betes is high. However, routine screening of women with
GDM for ICA and/or GAD does not seem indicated before a
safe and effective intervention therapy of antibody positive
women is available.

Perspectives
Intervention studies in women with prior GDM are few, but
due to the substantial evidence for the benefit of intervention
in subjects with IGT, women with GDM should be advised to
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lose weight after pregnancy if they are obese, to eat a healthy
diet and to have an active lifestyle including physical activity.
Lifestyle changes are probably more effective than pharmaco-
logical intervention in preventing diabetes,54 but further stud-
ies are needed.

All women with previous GDM should be offered a regular
check of their glucose tolerance, lipid profile, weight, and blood

pressure. To implement these measures it is necessary to offer a
long-term, continuous program to women with previous GDM
including education and stimulation to improve lifestyle.
Presently, only very few clinics are able to offer this. However,
based on the available evidence a major aim during the next
decade will be to implement such programs to the daily clinical
life, for the benefit of women with previous GDM.
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Introduction
It seems that increasing number of clinicians are joining one
of two very vocal camps. There are the ‘evangelists’ of evi-
dence-based medicine, who believe that grading of evidence
and guidelines based on clinical trials and meta-analyses are
the panacea for all clinical mishaps, versus clinicians, who
believe that medicine is an art and that so-called evidence has
no meaning for doctors who want to provide holistic, individ-
ualized patient care. Of course, the truth is somewhere in
between. The challenge for tomorrow’s doctors is to combine
the best of both worlds. It is important to be able to critically
appraise the evidence quickly and accurately, and then to
apply the knowledge at the bedside, taking into account both
the individual needs of the patient and the population 
perspective.

Critical appraisal of the evidence is only the first step on
this journey and not the end of it. Unfortunately, most
attempts to start the journey of evidence-informed medicine
have failed because the evidence is inadequate or non-existent.
This has been a source of frustration for doctors from both
camps and also for users of health care.

The public has been increasingly frustrated by the fact that
most interventions currently used by health care professionals
have not been evaluated according to standards demanded

from the pharmaceutical industry. In principle, an evaluation
of effectiveness and safety of a ‘new’ policy of elective Cesarean
section to prevent birth trauma or a ‘new’ diet in diabetic
pregnancy should not be less stringent than the evaluation of
a new drug. The arguments that clinicians have used success-
fully to impose strict regulatory mechanisms on the pharma-
ceutical industry are also relevant when clinicians evaluate
new ideas.

Rather than lament on the lack of evidence to guide the
management of diabetes in pregnancy, this chapter will try to
explain the reasons for it. It is suggested that most of the
research related to the management of the diabetic pregnancy
follows the pattern seen in other areas of medicine. Published
research has concentrated on the clinical questions that have
been possible to answer rather than the questions that need to
be answered. In order to prove this ‘hypothesis’, in Table 51.1
the types of diabetic pregnant women and the interventions
that may be offered to them in everyday clinical practice are
summarized.

The contents of Table 51.1 are only the first part of the clin-
ical question, for example is dietary advice of value for women
with pre-existing insulin diabetes or should insulin be given to
women with impaired glucose tolerance? The other important
part of the question is what is hoped to be achieved by the
proposed interventions. Table 51.2 gives the clinical outcomes
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Table 51.1 Types of diabetic pregnant women and health care interventions suitable for inclusion in clinical trials

Pregnant women* Interventions

Pre-gestational IDDM Blood sugar control
Pre-gestational IDDM with complications Dietary advice
Pre-gestational diet-controlled IDDM Exercise
Pre-gestational drug-controlled IDDM Insulin
Gestational diabetes requiring insulin Oral hypoglycemics
Gestational diabetes, diet controlled Alternative medicine (e.g. herbs, acupuncture)
Impaired glucose tolerance test Optimizing fetal and maternal outcome, pre-pregnancy counseling,

vitamins/antioxidants, fetal assessment by ultrasound (e.g. fetal growth
velocity, Doppler), cardiotocography, antenatal steroids, induction of labor
before or at term, Cesarean section before labor, tight glycemic control

*IDDM, insulin-dependent diabetes mellitus.
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that should guide the choice of intervention(s) in the diabetic
pregnancy. When reading clinical trial data, it is apparent that
many different outcomes have been measured, e.g. fetal or
neonatal macrosomia is often used as an outcome measure.
This is not included in the present list of important clinical
outcomes, as the macrosomia per se is not the end point one
would wish to judge interventions by. The important end
points are those subsequent upon the macrosomia, i.e. birth
trauma, shoulder dystocia and Erb’s palsy, cerebral hemor-
rhage due to difficult delivery, seizures due to birth asphyxia
or metabolic disturbance in the newborn, and perinatal mor-
tality. Macrosomia would not necessarily lead to any of these
problems, therefore the measured outcome needs to be set at
a clinically meaningful level. It must be asked whether an
intervention being proposed to a patient is capable of reduc-
ing the adverse outcomes listed in Table 51.2. The present
authors suggest that if an intervention has no impact on these
outcomes then it is unlikely to be of clinical value. So, what
sort of impact is being sought? Often one finds that
researchers are completely unrealistic in their expectations,
anticipating reductions in adverse pregnancy outcomes of
≥50%. Very few interventions can achieve this. If they do, the
impact is so obvious that clinical trials are at best unnecessary,
if not unethical (e.g. Cesarean section for prolonged fetal
bradycardia, glucagon for severe maternal hypoglycemia). The
vast majority of proposed interventions and management
policies can only achieve modest benefits, e.g. £ 25% reduc-
tion in important adverse outcomes. With this in mind, the
number of women who would be needed to prove that an
intervention is capable of achieving its intended aim has been

calculated. (Table 51.2) As a rule, studies with <1000 partici-
pants will not be able to give much information about the
impact of an intervention on the outcomes that are important
to pregnant women with diabetes. The studies will often claim
that ‘there is no difference in perinatal mortality or birth
trauma’, but this does not mean that an important clinical dif-
ference does not exist. ‘No evidence of a difference’, which is
almost a rule in small studies, should not be confused with
‘evidence of no difference’.

The aim of the next section of this chapter is to identify
published clinical trials that have set out to answer the ques-
tions posed in Tables 51.1 and 51.2. For example, whether
elective delivery of a pregnant diabetic woman is better than
allowing her to await spontaneous labour or whether the elec-
tive use of insulin in mild glucose intolerance will have any
advantages over diet alone.

Current evidence from clinical trials
One hundred and three publications of randomized trials
from the Cochrane Register of Clinical Trials that may have
contained relevant information for the management of
diabetes in pregnancy were identified. Of these, 28 publica-
tions were excluded: one trial was still recruiting, there was
insufficient data collected from a number of other trials, sev-
eral trials were excluded as they did not contain information
relevant to pregnancy and diabetes, and, finally, there were a
number of publications which reported on the same random-
ized trial.

386 Evidence-based medicine and diabetic pregnancy

Table 51.2 Complications that should be used as main outcomes in clinical trials: Clinically relevant adverse out-
comes; How many participants are required in a two-arm trial to prove that an intervention can reduce an adverse
outcome by 25%?*

Likely incidence in the control

Untreated group 25% reduction Anticipated total sample size
Complication (%) (%) (both groups)

Fetal/neonatal
Miscarriages/early 1780 12.75 2292
Pregnancy loss
Fetal anomalies 9.780 7.3 8720
Perinatal mortality 3.680 2.7 12,262
Shoulder dystocia 2.868 2.1 15,878
Erb’s palsy 1 0.7 in neonates 0.75 45,157

<4.5 kg,
5 in neonates 3.75

>4.5 kg

Serious neonatal morbidity (seizures,
intracranial hemorrhage, encephalo-
pathy cerebral palsy) 1 0.75 45,157

Maternal
Maternal death 0.1182 0.08 344,284
Maternal ketoacidosis 1.7383 1.3 26,254
Maternal hypoglycemic coma 3684 27 878

*Power 80%, alpha 0.05.
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Fetal assessment by ultrasound
Two trials were identified which sought to answer the question
as to whether ultrasound could help to identify pregnant
women with diabetes who were likely to benefit from an inter-
vention. Buchanon et al.1 used the third trimester ultrasound
to measure the fetal abdominal circumference in women with
mild gestational diabetes mellitus (GDM). If the fetal abdom-
inal circumference was large (≥75th centile), women were ran-
domized either to continue with their diet or to start insulin in
addition to their dietary therapy: 59 women completed the
study but no serious clinically important adverse outcomes
were reported (Table 51.2). Rossi et al.2 also started insulin
therapy when ultrasound measurements of the fetal abdomi-
nal circumference exceeded the 75th centile in women with
mild, diet-controlled GDM: 73 women had an ultrasound
fetal abdominal circumference measurement at 28 and 32
weeks gestation, and 68 women had a single measurement at
32 weeks. There were no maternal hypoglycemic episodes in
73 women who took part in the study, but other important
adverse outcomes were not reported. For a clinically signifi-
cant difference in the rate of serious maternal hypoglycemia to
be assessed, a sample size of over 800 women would have been
required.

Intrapartum glucose control
One study from the USA3 compared intravenous infusion of
10% invert sugar with lactated Ringer’s solution and 5% dex-
trose in 32 insulin-requiring diabetics prior to labour induction
or elective Cesarean section. No serious adverse outcomes were
reported. This trial therefore failed to inform of a management
strategy which would be of important clinical relevance.

Diet
A Cochrane review by Walkinshaw,4 included four trials where
GDM was managed either by dietary manipulation or with no
specific treatment5,6 (also Ford FA, unpublished work and
Okum N, unpublished work). The reviewer concluded that
the results were inconclusive, with only one trial of 158
women6 reporting ‘corrected’ perinatal mortality of 0% (one
baby died with multiple congenital malformations). In this
same study there were no reported cases of birth trauma in
either group and there were five babies with congenital abnor-
malities, three in the control group (including the baby with
multiple abnormalities that died) and two in the treatment
group. Okum reported the reduced incidence of birth trauma
with diet [zero of 234 versus four of 223; odds ratio (OR) 0.13,
95% confidence interval (CI) 0.02–0.96].

A study by Bevier et al.,7 not included in the Cochrane
review, also compared diet and home monitoring with routine
care in 103 women with a positive glucose challenge test.
There were two cases of shoulder dystocia in the control group
and one case in the experimental group. However, only 83 
of the 103 randomized women were reported on, 48 in the
control group and 35 in the experimental group. These num-
bers are inadequate for assessing any clinically useful differ-
ence in the incidence of shoulder dystocia with the chosen
intervention.

Seven small trials, with the number of participants ranging
from five to 125, compared different types of diet.8–14 Only
trials by Ney et al.8 and Rae et al.10 reported substantive out-
comes. Ney et al.8 reported no congenital malformations in 
20 diabetic pregnancies, while Rae et al.10 reported three cases
of shoulder dystocia in 124 women.

Insulin
A Cochrane review by Walkinshaw15 included two trials16,17

with 182 pre-existing insulin-dependent diabetics. He con-
cluded that there was no clear evidence favouring very tight
glycemic control in these women. However, out of the nine
clinically important outcomes (as listed in Table 51.2), only
the perinatal mortality was reported by Farrag (0%).17

A preliminary report by Snyder et al.18 also described a trial
of tight versus very tight diabetic control and reported no dif-
ference in the birth trauma between the two groups.

The present authors have identified a further 26 trials
focusing on the use of insulin, either comparing its use with
diet alone or with no treatment, or in trials comparing differ-
ent types of insulin, different regimes of delivery of insulin or
comparing insulin with oral hypoglycemics.5,19–43 The popula-
tion of pregnant women in these studies were either gesta-
tional or pregestational diabetics.

Serious maternal morbidity was explicitly reported in nine
trials.27–36 Ketoacidosis was found in one of 10 women in
Botta et al.’s22 study, one of 89 women in Burkhart et al.’s29

study, three of 23 women in Nosari et al.’s31 study and no cases
in 22 patients in Coustan et al.’s35 study. The ketoacidosis rate
reported in these trials was c. 3.5%, which is higher than in
observational studies (Table 51.2). Nevertheless, thousands
rather than tens of women are needed to show that an inter-
vention does not affect the incidence of ketoacidosis.
Seven studies have also reported severe maternal hypo-
glycemia.22,30–33,35,36 The incidence ranged from zero to a high
rate of hypoglycemia, with 0% in four studies,22,30,32,36 7% in
Nachum et al.’s33 study, 12.5% in Nosari et al.’s31 study and the
high rate of 36.4% in Coustan et al.’s35 study. It is most likely
that these large differences reflect the varying definitions of
severe hypoglycemia rather than any true differences in qual-
ity of care. This is the reason why severe hypoglycemia is
defined by the authors as one that causes unconciousness. In
the three studies with cases of severe hypoglycemia, Coustan
et al.35 defined it as an episode of hypoglycemia requiring hos-
pital treatment with intravenous glucose or glucagon, Nosari
et al.31 characterized it as coma, seizure or a situation requir-
ing hospitalization, intravenous glucose or glucagon, and
Nachum et al.33 defined it as an episode requiring the help of
another person.

Perinatal deaths were reported in 14 of the trials.28–33,36–43

The rates ranged from 0 to 14.5%,42 but the majority of trials
reported a perinatal death rate <5%. Given the low number of
patients in these studies and the relatively low perinatal 
mortality rates it is not surprising that no firm conclusions
can be drawn regarding the safety of the various insulin 
regimens.

No trials reported serious neonatal morbidity as an out-
come and only one trial reported Erb’s palsy.43
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Different screening practices
Bebbington et al.’s44 randomized trial compared routine uni-
versal screening of low-risk pregnant women for GDM with
selective screening when clinical indications (risk factors)
were present: no clinically important outcomes were reported
for the 2401 randomized women. A similar trial with 3152
women showed a higher rate of diagnosis of GDM in the uni-
versal screening group.45 Two intrauterine deaths occurred in
the routinely screened group after a positive glucose challenge
test. Three further randomized trials were identified related to
screening for GDM but none referred to clinically important
outcomes.46–48

Induction versus expectant management
A Cochrane review by Boulvain et al.49 assessed the effective-
ness and safety of elective delivery compared with expectant
management in term diabetic pregnant women: only the trial
by Kjos et al.50 was included in the review. This study random-
ized 200 insulin-requiring diabetic pregnant women to either
active induction of labour or expectant management up to 42
weeks gestation. Spontaneous labour occurred in 44% of the
expectant management group. Of the clinically significant
outcomes that were detailed in the study, only shoulder dysto-
cia actually occurred. All three documented cases occurred in
the expectant management group and all were described as
mild. There were no cases of birth trauma (including Erb’s
palsy), no perinatal deaths and no major congenital abnor-
malities. No maternal outcomes were reported. Again, one is
unable to ascertain from this study whether elective delivery in
the gestational diabetic confers any benefit as the numbers
required to show a 25% improvement in the clinically impor-
tant outcomes measured would require many more women
(Table 51.2).

Vaginal delivery versus Cesarean section
Only one randomized trial compared vaginal delivery and
Cesarean section as the mode of delivery at term in pregnant
women diagnosed with GDM.51 All women had been moni-
tored during pregnancy and been given dietary advice, there
was no indication that any women required insulin. Out of 84
randomized women with GDM, 44 were allocated to Cesarean
section at term. It is reassuring that there were no reported
cases of perinatal deaths or congenital malformations.
However, >10,000 women would have had be to randomized
to exclude the possibility that one of these interventions
increases perinatal mortality by 25%.

Exercise
Four studies were identified that assessed the effect of exercise
on pregnant women with diabetes.52–55 Only two of them
reported on the present authors’ pre-specified outcomes.52,53

In the randomized trial comparing diet versus diet plus an
exercise program in the management of GDM, Jovanovic-
Peterson et al.52 reported that there were no cases of maternal
hypoglycemia and no neonatal morbidity in 19 gestational

diabetics. The authors concluded that a cardiovascular-condi-
tioning program might obviate the need for insulin treatment
in many women with GDM, but the observations in their
study required further testing. Referring to Table 51.2, c. 900
women would be required to assess a difference of 25% in the
rate of severe maternal hypoglycemia. Similarly, in the trial by
Bung et al.53 41 patients with failed diet therapy who would
have been treated with insulin were randomized to either
receive diet plus exercise or diet plus insulin. There were no
reported episodes of hypoglycemia in either group.

Glucose monitoring
Twelve clinical trials studying the various methods of moni-
toring glucose levels were identified.56–67 Two studies based the
clinical decision to commence insulin therapy on either amni-
otic fluid insulin levels or mean blood glucose monitoring.57,67

In both of these studies the present authors’ pre-specified out-
comes were not reported, although Hopp et al.67 commented
that there were no statistically significant differences in the
rates of miscarriage, stillbirth or neonatal death in their two
groups. Langer et al.62 randomized 2461 women with GDM
into either conventional (weekly clinic visits) or intensified
(home blood glucose monitoring) management groups. A 3-
fold higher rate of shoulder dystocia was found in the conven-
tional management group compared with the intensified
management group (1.4 vs. 0.4%, P < 0.0001). Langer et al.62

also reported on the percentages of other neonatal trauma
events and the number of perinatal deaths. In the following
list the conventional management group results come first and
the intensified management group results second: seizures, 0.3
versus 0.2%; fracture, 0.7 versus 0.3%; Erb’s palsy, 0.1 versus
0%; stillbirths, five versus one; neonatal deaths, three versus
three. Langer et al.62 commented that two neonatal deaths
were related to anomalies (anencephaly and holoprosen-
cephaly) and one stillbirth had a cardiac anomaly, but they did
not report whether other anomalies had occurred nor which
group the anomalies occurred in.

Varner,59 Rey,60 and Stubbs et al.63 all compared clinic visits
with the more intensive home blood glucose monitoring in
women with either GDM or insulin-dependent diabetes mel-
litus (IDDM). Varner59 reported on miscarriage and perinatal
death, but only 30 insulin-dependent diabetics were recruited.
Rey60 reported that a significant increase in shoulder dystocia
occurred in the clinic visit group (one case in the home-mon-
itoring group versus four cases in the clinic visits group), but
on small numbers (347 randomized women). There was one
fetal death in the home-monitoring group associated with a
true knot of the cord. Stubbs et al.63 reported one perinatal
loss (cot death) in 13 randomized women, but no other clini-
cally important outcomes.

De Veciana et al.64 recruited 66 gestational diabetics on
insulin to monitor blood glucose either pre- or postprandially.
Shoulder dystocia (defined as requiring one or more maneu-
vers) was reported to occur in 18% (six of 33) of the prepran-
dial monitoring group and in 3% (one of 33) of the
postprandial monitoring group. Overall, the rate of shoulder
dystocia in the 66 gestational diabetics (10.6%) was much
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higher than in observational studies (2.8%).68 Such a high
incidence of shoulder dystocia probably reflects the definition
that was used. As expected, the incidence of Erb’s palsy was
lower (6 and 3%, respectively) but in all cases the palsy
resolved before discharge. One infant in each group had a
fracture (one of the clavicle and one of the humerus). There
was one unexplained stillbirth in the preprandial monitoring
group.

Reller et al.56 randomized 63 women to either early or late
careful diabetic management, but the study design precluded
any of the present authors’ stated important outcomes. Di
Biase et al.58 randomized 20 IDDM patients to either a
telemedicine computerized device, enabling 24-h communi-
cation of data, or conventional home blood glucose monitor-
ing. Again, no significant outcome data was reported.

Two trials compared the effect of glycemic control and 
routine antenatal care in GDM.61,66 Both trials were in fact
pilot studies and too small to draw any conclusions, but 
both authors concluded that a large randomized trial was 
feasible.

Hanson et al.65 studied the effect of hospitalization from 32
weeks gestation compared with a policy of home blood glu-
cose monitoring in 100 pregnant diabetic women. Major con-
genital abnormalities were reported in three of 46 infants
(hospital management) and one of 56 infants (home glucose
monitoring). There was one perinatal death in each group. It
must be emphasized again that the numbers were too small to
draw any meaningful conclusions regarding effectiveness and
safety of these interventions.

Diagnosis of gestational diabetes
mellitus
Proving that a diagnostic test is reproducible and accurate is
only the beginning, and not the end, of its evaluation.
Introduction of an effective new screening policy, or a diag-
nostic test, into clinical practice should be expected to have a
major impact on the outcome of diabetic pregnancies. One
expects that a test with a better performance (sensitivity,
specificity) would restrict interventions, such as blood glucose
monitoring and treatment (diet, insulin), to those women
who are likely to benefit from such interventions. However,

an excellent diagnostic test may be followed by an ineffective
or dangerous treatment package, or vice versa, with the net
result of harm rather than benefit. At present, the randomized
clinical trial is the only research method that allows an unbi-
ased comparison of various management policies (diagnosis
plus treatment) for diabetic pregnant women.

Ten studies were identified that sought to compare differ-
ent diagnostic tests for GDM,69–78 but only Court et al.70

reported the impact of these tests on clinically important out-
comes, i.e. perinatal deaths. There were six perinatal deaths in
the group of 230 women who used glucose polymer as the test
beverage compared with zero deaths in the group of 48
women who were given glucose: two of six deaths were due to
congenital abnormality. As far as the present authors could
ascertain, no other important clinical outcomes were reported
in any of the other studies of diagnostic tests in diabetic preg-
nancies.

Other
In 1955, Reid79 evaluated the use of stilboestrol and proges-
terone in 147 pregnant women with either pre-existing dia-
betes or GDM. Women were randomized (after stratification
by age and parity) to receive (76 women) or not to receive (71
women) hormones from 16 weeks to term. One mother died
in each group after Cesarean section. There were four congen-
ital abnormalities in the hormone-treated group and seven in
the control group. There were six miscarriages in each group
and 17 perinatal deaths in each group.

Summary
In this chapter, the present authors have deliberately set out to
be controversial in their approach to evidence-based care of
the diabetic pregnancy. It has been attempted to show, by
using examples of published clinical trials in this field, that an
enormous amount of research time and energy, and patient
good will, has produced remarkably little evidence. It is sug-
gested that the way forward is multicentre collaboration rather
than intercenter competition. The research agenda should be
driven by questions relevant to pregnant diabetic women and
their families, rather than the present ‘publish or perish’
policy.
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Costs of pregnancy care and adverse
outcomes of pregnancy
During the adult reproductive years, women have higher med-
ical expenditures than men.1 The difference in medical expen-
ditures between women and men is related in large part to
pregnancy care, childbirth and its complications. The costs of
pregnancy and childbirth include the cost of outpatient 
prenatal care, hospitalizations, and care of the newborn. Costs
increase with higher frequencies of hospitalization,2 alterna-
tive modes of delivery3,4 and longer stays in hospital.5 Costs
also increase with multiple gestations6 and with maternal 
obesity.7

Median hospital costs for preterm labor without delivery
have been estimated to be US $2200; median hospital costs for
preterm labor with early delivery are US $6600. The total
annual expenditures for preterm-labor hospitalization in the
United States (US) are in excess of $820 million.2 A recent sys-
tematic review of the literature revealed that the range of costs
are £600–1300 (US $1000–2200) for an uncomplicated vagi-
nal delivery and £1200–3600 (US $2100–5900) for a Cesarean
delivery.3 In a large Scottish observational study, the health
care costs of alternative modes of delivery were estimated to be
£1700 for a spontaneous vaginal delivery, £2300 for an 
instrumental vaginal delivery and £3200 for a Cesarean 
delivery (P < 0.001).4

In 1991, the predicted charges for the family (mother and
neonate) for a singleton pregnancy was $9800, as compared to
$38,000 for twins ($19,000 per baby) and $110,000 for triplets
($36,600 per baby). Hospital charges for a 29-year-old white
mother with a singleton pregnancy were $4800, as compared
with $8000 for a mother of twins and $15,400 for a mother
with a higher order multiple-gestation pregnancy. Daily
charges increased from $600 for a singleton neonate to $1000
for each twin and to $1700 for each infant born of a higher
order multiple pregnancy.6

The average costs of hospital prenatal care are approxi-
mately five times higher for mothers who are overweight
before pregnancy than for normal-weight mothers.7 In addi-
tion, obesity leads to significantly longer postpartum hospital
stays as a result of more frequent Cesarean deliveries and
endometritis. The percentage of infants of obese mothers

requiring care in a neonatal intensive care unit is c. 3.5 times
higher than that of infants of non-obese mothers.8,9

Adverse outcomes of pregnancy also contribute to substan-
tially higher costs.10,11 The inpatient and outpatient treatment
costs for very-low-birthweight (VLBW) (birthweight <1500 g)
infants during the first year of life was $59,700 (1987 US dol-
lars).12 Because of the greater mortality in the smallest infants,
the average cost was lowest for infants with birthweights <750 g
($49,900) and highest among infants between 750 and 999 g
($79,200).12 The lifetime costs of major congenital anomalies
are also high (Figure 52.1): $393,000 for an infant with 
a major cardiac defect, $294,000 for spina bifida, $250,000 
for diaphragmatic hernia, renal agenesis or dysgenesis, $199,000
for lower limb reduction, $176,000 for omphalocele,
$108,000 for gastroschisis, $101,000 for cleft lip or palate, and
$84,000 for urinary obstruction. The lifetime cost for one
infant with cerebral palsy is estimated to be c. $503,000.

Cost-effectiveness of interventions
in pregnancy
Cost-effectiveness analyses (CEA) explicitly compare the costs
and outcomes of new treatments with alternative treatments
so that the treatments can be ordered on the basis of how
much benefit is gained relative to the expense.13 CEA are being
reported more frequently in medicine and specifically in
obstetrics.14 Recent CEA in obstetrics have studied the value of
fortifying grain with folic acid to prevent neural tube defects
(NTD), prenatal HIV screening, smoking cessation programs
and vaginal birth after Cesarean delivery. In general, these
interventions have proven to be cost-effective or even cost
saving because the treatments are effective and often inexpen-
sive, the risk of adverse outcomes is high, the time to the out-
comes is short and the cost of the outcomes is large.

In one study, the economic benefit of fortifying grain with
folic acid was assessed as the cost savings from NTD averted
minus the costs of folic acid supplementation. In the US, the
annual cost savings were estimated to be $94 million with low-
level fortification (140 mg/100 gram grain) and $252 million
with high-level fortification (350 mg/100 gram grain).
The cost–benefit ratio was 4.3 for low-level and 6.1 for 
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high-level fortification, suggesting that $4–6 would be saved
for each $1 spent on folic acid fortification.15 Separate CEA
performed in the US and the United Kingdom (UK) demon-
strated that voluntary HIV screening would cost c. $10,600 per
life-year gained in the US,16 and less than £4000 for each life-
year gained in high-HIV-prevalence areas and less than
£20,000 for each life-year gained in low-HIV-prevalence areas
of the UK.17 Another CEA demonstrated that if a smoking ces-
sation program decreased the prevalence of cigarette smoking
by 1% per year in the US population, it would prevent 1300
low birthweight live births and save $21 million in direct med-
ical costs in the first year and $473 million during the 7 years
of the program.18 Two recent CEA compared elective repeat
Cesarean delivery with a trial of labor (vaginal delivery).19,20

One study found that follow-up routine elective Cesarean
delivery cost c. $179 million during the reproductive life of
100,000 women.19 The prevention of one major adverse
neonatal outcome would require c. 1600 Cesarean deliveries
and would cost $2.4 million. Another study found that if the

probability of successful vaginal delivery exceeded 0.74, a trial
of labor was cost-effective.20

Cost-effectiveness of preconception
care for women with pre-gestational
diabetes
Preconception care for women with established diabetes
reduces the incidence of fetal malformations and spontaneous
abortions.21 Three groups have assessed the costs of precon-
ception care relative to the savings resulting from adverse
maternal and neonatal outcomes averted. All demonstrated
that preconception care for women with established diabetes
is cost saving (Table 52.1).22–24

A case–control study of women with Type 1 diabetes mel-
litus was conducted by Scheffler et al to assess the cost–bene-
fit of preconception care.22 The study estimated the costs of a
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Figure 52.1 Lifetime costs per new case of major congenital anomalies and cerebral palsy in thousands of US dollars (1992 US $).
*Weighted average of the lifetime costs of truncus arteriosus, single ventricle, transposition, and tetralogy of Fallot. Adapted from10.

Table 52.1 Net savings per pregnancy and cost–benefit ratios of preconception care

Savings on early Savings on late
Net savings versus no versus no 

Authors (reference) (US $) intervention (US $) intervention (US $) Cost–benefit

Scheffler et al. (22) 6000 7300 5700 5.19
Elixhauser et. al (23) 1700 – – 1.86
Herman et al. (24) 34,000 – – NR

NR, Not reported.
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preconception care program using a time–motion methodol-
ogy, and analyzed actual hospital charges and length of stay for
women enrolled in the California Diabetes and Pregnancy
Program (CDAPP). These included 102 women with Type 1
diabetes who participated in the preconception care program
and subsequently received standard prenatal care: a group of
218 women with Type 1 diabetes who did not participate in
the program but who received standard prenatal care served as
controls. Each CDAPP participant was randomly matched
with an individual from the control group. The matching cri-
teria were the mother’s age, race, and severity and duration of
diabetes according the White classification system. This proce-
dure yielded 90 cases from the CDAPP group and 90 controls
drawn from hospitals outside the program’s catchment area.
The researchers examined two groups of cases – those enrolled
before 8 weeks of gestation and those enrolled after 8 weeks of
gestation – and compared them with women who did not
enroll in the program. The analysis adopted the perspective of
a third-party payer and considered only direct medical costs.
For each mother, charges were included through to delivery;
for each infant, charges were included from birth through to
discharge. Longer term medical costs due to adverse birth out-
comes, which are potential savings of the CDAPP, and any
potential health benefits to the mother were not included.
Costs were expressed in 1988 US dollars; an 8% discount rate
was applied to costs but not benefits. Not unexpectedly, the
costs of preconception care were greatest for early enrollees
($1300), lower for late enrollees ($800) and lowest for non-
enrollees ($0). In contrast, both maternal and neonatal
charges increased from early enrollees to late enrollees to non-
enrollees: the charges for maternal care increased from $8900
for early enrollees to $9500 for late enrollees to $11,000 for
non-enrollees. The charges for neonatal care increased dra-
matically from $2300 for infants of early enrollees to $6600 for
infants of late enrollees to $10,700 for infants of non-
enrollees. Compared to non-enrollees, early enrollees experi-
enced savings of $7300 per enrollee and late enrollees
experienced savings of $5700 per enrollee. The cost–benefit
ratio of the CDAPP was 5.19; thus, for every $1 spent on the
program, $5.19 was recovered in charges averted.

A second cost–benefit study by Elixhauser et al.23 used con-
sensus development, surveys of medical care personnel and a
literature review to develop a model to determine whether the
additional costs of preconception care are offset by the savings
from complications averted. The analyses adopted the per-
spective of a third-party payer and considered direct medical
costs. Costs were calculated in 1989 US dollars; discounting
was not performed. Preconception care cost $2600 per
enrollee and $4900 per delivery (recognizing that more
women receive preconception care than go on to deliver.) The
additional cost associated with preconception care was offset
by the cost savings associated with adverse maternal outcomes
averted ($2000 for women who received preconception care
vs. $3200 for those who received prenatal care only, a cost
saving of $1200) and adverse neonatal outcomes averted
($7700 for infants of mothers who received preconception
care vs. $10,200 for infants of mothers who received prenatal
care only, a cost saving of $2500). When the costs of care for
the child were recalculated to include medical care for 

3 years after discharge from the neonatal intensive care unit,
lifetime medical care, residential care, and community services
associated with severe congenital malformations, the benefits
of preconception care for women with established diabetes
were $1700 per enrollee. The cost–benefit ratio was 1.86; thus,
for every $1 spent on the preconception care program, $1.86
was gained. When the costs associated with postneonatal
intensive care and long-term care were excluded, preconcep-
tion care saved $480 per enrollee, and the cost–benefit ratio
was 1.24.25

A third study by Herman et al.24 assessed pregnancy out-
comes, resource utilization and costs among women with
Type 1 diabetes who received preconception care (PC) and
women who did not receive preconception care [prenatal care
only (PN)]. The study found a small increase in outpatient
visits (two visits) and a substantial, 20-day decrease in inpa-
tient utilization for women and infants who received PC com-
pared to PN. This consistent and substantial reduction in
resource utilization among PC women and their infants as
compared to PN women and their infants translated into sub-
stantial cost savings. The net cost saving was c. $34,000 per
patient (direct medical costs, undiscounted, 1992 US dollars),
suggesting that the savings, measured as direct medical costs,
may be several times greater than reported by the first two
studies.

Cost-effectiveness of interventions
in gestational diabetes mellitus
Investigators have studied both the costs of alternative
approaches to diagnosing GDM, and the cost-effectiveness of
alternative approaches to diagnosing and treating GDM.26

Costs of alternative approaches to diagnosing GDM
Over the past two decades, screening for GDM in the US 
has been performed according to the recommendations of
the National Diabetes Data Group (NDDG), the American
Diabetes Association (ADA), and the American College of
Obstetricians and Gynecologists. Screening has been recom-
mended for all pregnant women and has involved a two-tiered
approach: a 1-h 50-g glucose challenge test (GCT) and for
women with plasma glucose levels ≥140 mg/dL (7.8 mmol/L)
on the GCT a 3-h 100-g oral glucose tolerance test (OGTT).27

Many studies have investigated alternative approaches to
increase the efficiency and reduce the cost of screening for
GDM. Lavin et al.28 estimated the costs incurred by the hospital
laboratory in screening and diagnosing GDM in pregnant
women with and without historical and clinical risk factors.
They estimated that it cost $5 per patient screened with the 1-h
GCT and $329 per case of GDM diagnosed (1980 US dollars).
Reed29 estimated that the laboratory charges per patient
screened and per case of GDM detected were $14 and $684,
respectively (1984 US dollars) (Table 52.2). Performing a GCT
in pregnant women >25 years of age decreased the cost per
patient screened to $7 and the cost per case of GDM detected
to $386, but missed 24% of women with GDM.
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Coustan et al.30 performed a cost analysis of a population-
based study in 6214 universally screened pregnant 
women using Lavin et al’s29 unit costs for the GCT and OGTT
(Table 52.3). A GCT screening threshold of 140 mg/dL 
(7.8 mmol/L) and NDDG criteria for the OGTT were used. If
women <30 years of age with risk factors and all pregnant
women ≥30 years of age were screened, the cost per case of
GDM diagnosed was $190. However, nearly one-third of
women were missed with this protocol because many women
with GDM <30 years of age had no other risk factors or had
GCT results between 130 and 139 mg/dL. Sensitivity of detec-
tion of GDM increased to 95% by screening women <25 years
of age with risk factors and all women ≥25 years of age, and by
using a threshold of 130 mg/dL (7.2 mmol/L) for the GCT.
The cost per case of GDM diagnosed increased from $195 to
$215. If universal screening was performed and a GCT thresh-
old of 130 mg/dL was used, the sensitivity was 100% but the
cost per case of GDM increased to $249. Coustan et al.30 noted
that if a protocol uses universal screening at ≥25 years of age,

78% of individuals will require screening: the small 
(22%) decrement in cost that accrues as a result of selective
screening must be weighed against the more complex logistics
and increased probability of failing to screen high-risk
women.

The Fourth International Workshop–Conference on
Gestational Diabetes Mellitus31 suggested that two techniques –
the two-tiered protocol with Carpenter–Coustan modifica-
tions and the one-tiered protocol (2-h 75-g OGTT) – are both
acceptable methods to screen for GDM. Lavin et al.32 com-
pared the costs and the patient time associated with the 
two-tiered protocol and the one-tiered modification employ-
ing the 2-h OGTT. The two-tiered protocol had lower costs
than the one-tiered protocol: low-range and high-range costs
for the two-tiered protocol were $3 and $8 per woman; low-
range and high-range costs for the one-tiered protocol were $6
and $11 per woman. Test times were 1.4–1.5 h for the two-
tiered protocol and 2 h for the one-tiered protocol. Travel time
was lower in the one-tiered protocol than in the two-tiered
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Table 52.2 Cost per case of gestational diabetes mellitus (GDM) diagnosed using various screening protocols

Cost per GDM case 
Screening protocol diagnosed (1984 US $) Cases missed (%)

GCT in all women, if positive OGTT 684 20
GCT in women >25 years of age, if positive OGTT 386 24
GCT only in women with risk factors, if positive OGTT 683 60
OGTT in all women with risk factors 938 48
OGTT in all women 976 0

GCT, 1-h 50-g glucose challenge test.
OGTT, 3-h 100-g oral glucose tolerance test.
Risk factors: birth of a baby weighing ≥4000 g (c.) (≥9lb); a history of two or more pregnancies of fetal death, neonatal death, congenital 
anomaly, prematurity, excessive weight gain, hypertension or proteinuria; family history of diabetes mellitus.
(Adapted from Reed.29)

Table 52.3 Cost per case of gestational diabetes mellitus (GDM) diagnosed using various screening protocols

Cost per GDM case
Screening protocol diagnosed (1980 US $) Cases missed (%)

GCT in women >30 years of age or if risk factors 190 35
present, if positive (threshold >140 mg/dL) OGTT

GCT in all women ≥25 years of age or if risk factors 192 15
present, if positive (threshold >140 mg/dL) OGTT

GCT in all women ≥25 years of age or if risk factors 215 5
present, if positive (threshold >130 mg/dL) OGTT

GCT in all women, if positive (threshold >140 mg/dL) OGTT 222 10
GCT in all women, if positive (threshold >130mg/dL) OGTT 249 0

GCT, 1-h 50-g glucose challenge test.
Risk factors: pevious GDM; previous macrosomic infant [baby weighing ≥4000 g (c. ≥9lb)]; obesity; previous stillborn or neonatal death; family
history of diabetes mellitus.
GTT, 3-h 100-g oral glucose tolerance test.
(Adapted from Coustan et al.30)

9780415426206-Ch52  11/29/07  4:51 PM  Page 395



protocol (2 vs. 2.3 h). The authors concluded that the 
two-tiered protocol appears to be associated with lower costs
and less patient time than the one-tiered protocol.

Cost-effectiveness of alternative approaches to
diagnosing and treating GDM
CEA are predicated on the demonstration of clinical effective-
ness. If an intervention is not effective then it cannot be cost-
effective. Ultimately, to determine if the costs of diagnosing
GDM are worth paying, studies of cost-effectiveness must
include the costs of diagnosing GDM, the costs of providing
treatment for GDM, and the costs of the outcomes for the
mothers and babies.26

Kitzmiller et al.33 performed a cost-identification analysis
of a GDM program in Northern California (Santa Clara
Valley). Program costs were defined as the cost of all health
resources required to diagnose GDM, monitor blood glucose,
maintain blood glucose levels within the target range, and
monitor the pregnant women and their fetuses to ensure good
outcome. Outcome costs included the costs of all health care
resources used for inpatient antepartum care, delivery, postde-
livery care, and newborn care. Average reimbursed charges
were used to establish direct medical costs (1996 US dollars).
The analysis was performed from the perspective of managed
care. The average total program costs per case of GDM were
$1100. Program costs were higher for women requiring
insulin treatment ($1800) than for women with diet therapy
only ($800). The total costs of outcomes per case of GDM
were $6000: outcome costs per patient were slightly higher in
insulin-requiring GDM cases ($6500) than in those treated
with diet therapy alone ($5800).

The costs from the Northern California program were also
applied to prospectively collected data from a diabetes and
pregnancy program at a large teaching hospital in New
England.33 The diagnostic strategy was the same as in the
Northern California program, but more patients required
insulin therapy in the New England program. Total program
costs per case of GDM were $1800. In spite of good program
outcomes, the outcome costs per case of GDM were $8900,
substantially higher than in the Northern California program
($6000). The authors concluded that the analyses were poten-
tially biased by the selection of complicated cases of GDM
referred to the New England program.

Three studies have assessed the cost-effectiveness or
cost–benefit of interventions in GDM. In one, the Northern
California program, reimbursed charges were applied to the
clinical outcomes of a prospective randomized trial of
preprandial or postprandial blood glucose monitoring in
GDM.33,34 GDM was treated with insulin in all 66 women.
Although mean gestational ages at delivery were similar, the
postprandial monitoring group had lower glycohemoglobin
levels, significantly lower birthweights, less macrosomia, less
neonatal hypoglycemia and fewer Cesarean deliveries.34 The
program costs per case of GDM were slightly higher in the
postprandial blood glucose monitoring group ($3800) than 
in the preprandial blood glucose monitoring group ($3600),
but outcome costs per case of GDM were lower in the 
postprandial monitoring group ($7500) compared to the 

preprandial monitoring group ($8000).33 The incremental
cost-effectiveness of the postprandial blood glucose monitor-
ing was $35 per Cesarean delivery averted and $25 per neona-
tal intensive care unit day prevented. Comparing input and
outcome costs for the two blood glucose monitoring groups,
the cost–benefit ratio was 2.98 in favor of postprandial blood
glucose monitoring; thus, for every $1 spent on postprandial
blood glucose monitoring, c. $3 would be saved in averted
adverse outcome costs.33

Langer et al.35 performed a prospective population-based
study of conventional versus intensified therapy in women
with GDM and conducted a cost-benefit analysis. Intensified
therapy was defined as self-blood glucose monitoring (SBGM)
seven times daily with early institution of insulin therapy.
Conventional therapy was defined as four times daily SBGM
and weekly assessment of fasting and 2-h postprandial venous
plasma glucose.36 Program costs included the costs of diagno-
sis, blood glucose evaluation, medication and supplies, and
physician, nursing, social worker and dietitian care, and the
costs of fetal surveillance. Outcome costs included antepar-
tum and postpartum hospital stay, hospital and physician fees
for vaginal or Cesarean deliveries, and neonatal intensive care
unit and nursery admissions. Total program costs for the con-
ventional therapy group were $1900 per woman with GDM
compared to $2100 per woman with GDM in the intensified
therapy group. The total outcome costs for the conventional
therapy group were $4600 per woman versus $3900 per
woman in the intensified therapy group. There was a 4.37
cost–benefit ratio in favor of the intensified therapy.35

Bienstock et al.37 conducted a retrospective cohort study to
compare the costs of prenatal care and subsequent maternal
and neonatal outcomes in women with GDM cared for in an
inner-city university hospital house-staff clinic versus an
inner-city managed-care organization. GDM was defined
according to NDDG criteria. There were no differences
between groups with respect to baseline maternal demo-
graphic factors. The cost of providing care to a patient with
GDM by the managed-care organization was $10,000 versus
$11,000 for the house-staff fee-for-service clinic setting 
(P = 0.20). A larger percentage of women had >12 visits with
their physician and more sonograms were performed in the
house-staff clinic compared to the managed-care organiza-
tion. In contrast, more fetal surveillance tests were performed
in the managed-care organization group. The groups had sim-
ilar rates of insulin treatment, antepartum admissions,
Cesarean delivery, and maternal and infant lengths of stay. In
the house-staff clinic group, there was a trend toward a lower
frequency of preterm delivery (8.9 vs. 13.3%) and significantly
less macrosomia (15 vs. 29%). The authors concluded that
managed care does not decrease the cost of caring for patients
with GDM but does lead to a greater rate of neonatal macro-
somia, which may reflect poorer glucose control.

Conclusions
During the adult reproductive years, women have higher 
medical expenditures than men. The difference in medical
expenditures between women and men is largely related to
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pregnancy care, childbirth, and its complications. The costs of
preterm and postpartum maternal hospitalization and the costs
of hospital care for infants with adverse outcomes are major
sources of increased cost. Because the cost of outcomes is large
and the time to outcomes is short, treatments that are effective
in preventing adverse outcomes of pregnancy are often cost-
effective or even cost saving. Such interventions include folic
acid fortification of grain to prevent NTD and smoking cessa-
tion programs to prevent low birthweight infants.

Preconception care for women with established diabetes
reduces the incidence of fetal malformations and sponta-
neous abortions. Three groups have assessed the costs of
preconception care relative to the savings resulting from
adverse maternal and neonatal outcomes averted. All demon-
strated that preconception care for women with established
diabetes is cost saving. A number of investigators have also
assessed the costs of alternative approaches to diagnosing
GDM. Although selective screening for GDM is marginally
less expensive than universal screening per case of GDM
detected, most women require screening and the more com-
plex logistics and increased probability of failing to screen
high-risk women may offset any potential cost savings. It
appears that a two-tiered approach to screening for GDM
(involving a 1-h 50-g GCT followed by a 3-h 100-g OGTT) is
more cost-effective than a one-tiered modification (employ-
ing a 2-h 75-g OGTT), with respect to both cost of laboratory
testing and patient time.

Studies of the cost-effectiveness of alternative approaches
to the treatment of GDM have been hampered by the lack of
data demonstrating the clinical effectiveness of diagnosis and
intervention. To date, cost-effectiveness and cost–benefit
analyses of selected interventions have suggested that post-
prandial blood glucose monitoring is more cost-effective that
preprandial monitoring, and that intensified monitoring and
insulin treatment is more cost-effective than conventional
monitoring.

Because of the high cost of hospitalization for mothers 
and infants, and the relatively short time course of pregnancy,
many prenatal interventions, and particularly those that 
are relatively inexpensive, are cost-effective or even cost 
saving from the perspective of a health system. These inter-
ventions, like preconception care for women with established
diabetes, should be rigorously implemented, as they both
improve health outcomes and reduce costs of care. In the area
of GDM, either universal screening or selective screening
would appear to be cost-effective, depending upon the health
system’s ability to risk stratify and track pregnant women.
Although perhaps counter-intuitive, two-tiered screening
appears to be more cost-effective than one-tiered screening,
particularly in populations of low diabetes prevalence.
Definitive analyses of the cost-effectiveness of alternative
approaches to the treatment of GDM will ultimately require
more clear-cut demonstration of the clinical effectiveness of
those interventions.
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Quality assessment and 
improvement in diabetes care
The aim of health care is to achieve the best health outcomes
in the most efficient manner, and the challenge for today’s
health delivery systems is to increase productivity and quality
of care without increasing the economic costs.

Assessment of the quality of health care needs complex
measures of the structure (staff, equipment, organization), the
process (technical quality) and the outcomes (effectiveness,
satisfaction, functional status, quality of life).

Health care delivery depends on efficient communication
and cooperation amongst patients, health care services and
professionals; this matter is particularly critical regarding
chronic disorders in which effective shared-care is pursued by
multiple health care providers and professionals, enabling the
patient to become actively involved in the process of their care.
The effective share of related information is highly facilitated
by the operation of an electronic patient record and a telem-
atic infrastructure.

Health care delivery is moving towards disease management,
focused on a patient-oriented approach, illness prevention
promoting good health and managing long-term care, all of
which require integrated activities from generalists, specialists
and other health care professionals. This type of care requires
effective coordination and an interrelated, multidisciplinary
approach.

In addition, the implementation of effective strategies for
continuous quality improvement takes advantage of four
main areas: (1) efficient use of health care resources (e.g. elim-
inating practices that are clearly harmful, or without known
benefits); (2) linking clinical research to clinical practice 
(evidence-based care); (3) application of new concepts for
improvement of care (the process of care must comply with
the ‘best practice’, including solid methods to monitor and
assess the outcomes); and (4) changing clinical practice
(design of appropriate models for the management of health
care services, based in valid, scientific information).

At a meeting held in St Vincent, Italy, in October 1989,
representatives of government health departments and

patients’ organizations from all European countries met
diabetes experts to discuss a set of recommendations – the 
St Vincent Declaration,1 a joint initiative of the World 
Health Organization–Europe and the International Diabetes
Federation–Europe (WHO/IDF) – with the intention of creat-
ing conditions allowing major reductions in deaths and the
burden caused by diabetes mellitus. The declaration meant an
important step forward in the general improvement in the
quality of delivery of diabetes health care.

One of the main targets of the declaration was to establish
monitoring and control systems using state-of-the-art
information technology (IT) for quality assurance of diabetes
health care provision. A European group of experts was
established to design and implement mechanisms for the contin-
uous improvement of the quality of diabetes care in Europe. The
term ‘continuous quality improvement’ was accepted to empha-
size the progressive nature of the never-ending process after
reaching a determined standard. The assessment requires the
comparison of care with standards that are derived from scien-
tific evidence, consensus, good practice and clinical experience.

The St Vincent Declaration pointed out that self-monitoring
results in very effective control of treatment. Later in this
chapter, the quality assessment of the procedures for self-
monitoring glycemic control will be reviewed in some detail.

European DiabCare quality network
A subgroup of the St Vincent Declaration Steering Committee
was established to develop instruments and mechanisms for
quality assurance in diabetes care. The first initiative of the
DiabCare Program was the development of the St Vincent
Diabetes Dataset from three main sources: (1) EuroDiabeta, a
research project on modeling health care and the implementation
of IT in diabetes;2 (2) the specific recommendations provided by
the different working groups of the St Vincent Declaration
Steering Committee;3 (3) the advice provided by more than 130
expert diabetologists from 21 European countries.

DiabCare Basic Information Sheet (BIS) contains 141 fields
that include all the necessary data for the analysis of the quality
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400 Quality of care for the woman with diabetes in pregnancy

of diabetes care (Figure 53.1). The pertinent analysis provides
the performance of care in both aspects of process and outcomes
(intermediate and final). Demographic data (age, sex, etc.) are
required for a number of purposes. True patient outcomes
include the burden of the medical end points of the St Vincent
Declaration (such as amputation, blindness, etc.). Symptoms of
diabetes-related problems (e.g. painful neuropathy, angina pec-
toris, etc.) are also recorded. Specific outcomes regarding preg-
nancies are also included. For the measurement of quality of life,
the DiabCare data sets only include information related to dura-
tion of hospital admissions and the number of days without the
ability to perform normal activities. Assessment of diabetic
complications (retinopathy, nephropathy, neuropathy), cardio-
vascular risk factors, pharmacological treatment and metabolic
outcomes [glycated hemoglobin (HbA1c), lipid profile] were
considered essential.4 The computer database (Figure 53.2) con-
tains all the data items of the BIS and additional information
with easy access by a single key stroke.

Once a year, at least, the data of all patients under care must
be collected in the DiabCare BIS. The performance of the dia-
betes team is compared with the gold standards of the St
Vincent Declaration program. The evaluation of the level of
quality should cover the structure (housing, human resources,

equipment, logistics), the process (the way the care is organ-
ized – from the first call to treatment plan; the annual meas-
urements of indicators – HbA1c, blood pressure, etc; the way
the treatment is initiated – use of antihypertensive drugs, cho-
lesterol lowering agents, etc).

The DiabCare Program was designed for those services not
having a computer database but having access to computers.
In 1991, the feasibility phase, integrating the information from
4000 patients of 29 centers in 19 European countries, was
completed. After some minor modifications it gained wide-
spread adoption by centers, and local, regional and national
diabetes task forces all over Europe.5–7

The DiabCare Feasibility Study5 demonstrated the achieve-
ments obtained by the implementation of local documenta-
tion compatible to the DiabCare Diabetes Data Set. It made
possible the assessment of the quality of care and to install
regional/national quality networks, along with establishing a
standard documentation to be used in various health care
settings in different countries.

A quality circle is a group of motivated and committed
people acting as a structured forum to solve on-the-job prob-
lems affecting the quality of their work. Prerequisites for the
constitution of the circle are the political awareness and the

Figure 53.1 Basic Information Sheet, DiabCare.
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involvement of the decision-makers to get things going. The
implementation of pilots or demonstration projects make
clear what the benefits are and the economic cost.

The quality circle must select targets according to the local
health requirements. The information gathered after data col-
lection, data aggregation and analysis (Figure 53.3) of proper
indicators (clinical, analytical, etc.), allows a local evaluation

(internal comparison); then, sending the aggregated data in
anonymous fashion to a server, the comparison with all the
other teams sharing the network is possible (external compar-
ison). After all of this, the members of the local quality circle
are in the situation to propose and debate measures for qual-
ity improvement. These measures are implemented in the fol-
lowing period and the evaluation of their effects will be then

Figure 53.2 DiabCare data for Windows.
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Figure 53.3 DiabCare Q-Net, system architecture.
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analyzed, following the scheme of continuous assurance and
improvement (Figure 53.4).7

The present authors’ use of DiabCare program, adapted to
a net environment in a hospital-based outpatient consultation,
has provided a variety of benefits, including Diabetes Data Set
exploitation as a registry, diabetes-type characterization,
assessment of self blood glucose monitoring (SBGM) status,
St Vincent Declaration targets, treatment characterization,
outcome for diabetic pregnancies, completeness assessment of
medical records, cardiovascular risk factors, identification of
groups of patients at risk, etc.8 On the basis of this infor-
mation, a quality assurance circle on diabetes care has been
operating in the present authors’ center since then, following
the protocol proposed by the EU Consortium DiabCare
Quality Network, integrated in a comprehensive disease man-
agement program (the Optidiab System). A recent report about
the information provided by the annual evaluation (the 
141 parameters of the DiabCare BIS) of >1000 subjects con-
firmed the burden of Type 2 diabetes patients compared to
Type 1 diabetes patients undergoing intensive and specialized
care on regular basis.9

Interestingly, aggregated and compared data from the cen-
tral server, integrating national centers from the European
DiabCare Quality Network (22,000 patients), lead to the con-
clusion that the long-term metabolic outcome of patients under
intensive management in European specialized centers are far
short of achieving their desired goal [HbA1c < mean + four
standard deviations (4 SD) of the nondiabetic population];
aggregated HbA1c levels [Diabeties Control and Complication
Trial (DCCT) adjusted] recorded at the annual evaluation
were optimal for only 26.9% of cases, acceptable for 23.2%
and poor in the remaining 49.9% of subjects.10

The DiabCare program allows a simple registration proce-
dure for collecting basic data from diabetic pregnant women;
the system has also been demonstrated to be useful for limited
evaluation of quality assurance in the broad field of diabetes
and pregnancy.11–13

DiabCare BIS for diabetes 
and pregnancy
One of the main recommendations of the St Vincent
Declaration was the following: ‘Achieve pregnancy outcome in
diabetic women that approximates to that of nondiabetic
women’. In consequence, WHO/IDF guidelines for care and
management of pregnant diabetic women have been proposed
by an invited group of international experts in the field.14 The
document brought attention to the important differences in the
provision of diabetes and obstetrical care in different European
countries. Specifically, the relevance of intensive metabolic care
before conception, during pregnancy and parturition, as well as
the needs of special training and education of the diabetic
women contemplating pregnancy, were addressed. For the pur-
pose of developing the quality assurance program, a DiabCare
BIS for diabetes and pregnancy was proposed by members of
the WHO/IDF Working Group on Pregnancy Outcomes in the
Diabetic Woman (Figure 53.5), with data fields addressing dia-
betes diagnosis, past obstetrical history, prepregnancy counsel-
ing, status at entering the specialized interdisciplinary clinic,
maternal and newborn outcomes, and reclassification after
pregnancy. The OBSQID (OBStetrical Quality Indicators and
Data) Perinatal Aggregated Data (PAD) protocol, mainly
focused on outcomes, represents a valid alternative proposed by
the Quality of Care and Technologies Program, WHO–Europe
being exploited for epidemiologic studies.

DiabCard as an instrument 
for quality assurance
The DiabCard project (EU-AIM 2051) developed the specifi-
cations for a chip-card-based medical information system and
the requirements for Europewide collection of data about dia-
betes for clinical and managerial purposes. A common diabetes
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Figure 53.4 Operation of the DiabCare quality circle.
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data set based on EuroDiabeta was produced and validated in
ambulatory and hospital care. An open architecture allowed a
bandwidth of different security levels, covered by standards
defined by the International Standard Organization (ISO) and
the European Telecommunications Standards Institute
(ETSI). Security and privacy of the information was provided
with the addition of the health professional card for identifi-
cation and access to the system; the patient card contains most
clinically relevant data.15

The randomized trial performed in the clinical scenario
demonstrated the functionality of DiabCard as a patient record,
and the main consequences in facilitating the effective commu-
nication between the patient and all levels of health care, and
among health care providers as well. DiabCard was equally
useful, as DiabCare, for quality assessment, and deserved its high
acceptance by patients, promoting their empowerment and
active involvement in the health care process (Figure 53.6).16

Monitoring glycemic control in diabetes mellitus and during
pregnancy in the woman with pregestational or gestational
diabetes mellitus.

The primary metabolic abnormality in diabetes mellitus
(DM) is hyperglycemia, which is mainly responsible for acute
and chronic complications of the disease, including feto-
maternal mortality and morbidity.

The results of the DCCT showed that in Type 1 DM strict
glycemic control resulted in a significant reduction in the rate of
onset and progression of retinopathy, nephropathy and neu-
ropathy.17 In the United Kingdom Prospective Diabetes Study
(UKPDS), the difference of 0.9% in HbA1c between the inten-
sively treated group and the control group was associated with
a 25% reduction in risk of microvascular end points;18 intensive
blood glucose control did not reduce the risk of myocardial
infarction or stroke, but the control of hypertension was very
important in this respect.19

Diabetes in pregnancy carries multiple risks to the mother
and the fetus/newborn. For this reason, it is recommended to
maintain blood glucose levels of 3.5–5.5 mmol/L at fasting and
5.0–8.0 mmol/L postprandially.20 Although there is still some
controversy concerning the implications of a mild degree of glucose
intolerance for GDM, the same targets have been recommended

Figure 53.5 Basic Information Sheet for Diabetes and Pregnancy (DiabCare).
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in these pregnancies, in spite of arguments of insufficient evi-
dence for therapeutic interventions in this condition.21

Blood glucose monitoring devices
Portable meters are used for health care workers and by
patients. Because of their imprecision and variability, they
should not be used for diagnosing diabetes and their value in
screening must be limited.

SBGM is recommended for all insulin-treated patients.
Glucose can be measured in whole blood, serum or plasma, but
plasma is recommended for diagnosis. Although red blood cells
are freely permeable to glucose, the concentration of water in
plasma is c. 11% higher than that of whole blood; as a conse-
quence, the glucose concentration in plasma is higher than in
whole blood (being the hematocrit normal). The glucose con-
centration decreases with time in the assay tube because of
in vitro glycolysis (on average by 5–7%, or 0.6 mmol/L or 
10 mg/dL/h), which can be attenuated by inhibition of enolase
with sodium fluoride used in combination with anticoagulants.
Therefore, when plasma glucose is going to be analyzed, plasma
should be separated from cells within 1 h. Glucose is almost
exclusively measured by enzymatic methods (hexokinase, glu-
cose oxidase). For plasma glucose, a coefficient of variation
<2.2% is recommended as a target for imprecision.

There is no standard protocol available for the evaluation
of blood glucose meters. The evaluation of a single device may
be misleading; in general, several units should be tested to

explore interdevice variability. The evaluation should include
the analysis of the mean difference of the device reading, with
respect to a reference procedure at low, medium and high
blood glucose concentrations. Other items of the evaluation
will include customer acceptability (size, weight, portability,
calibration, duration of a test performance, economic cost).
Then, a validation protocol using an adequate sample size 
of recruited patients will follow, covering a wide range of
blood glucose levels from the hypoglycemic range to extreme
hyperglycemia.

The utilization of memory meters have shown that patients
often make incomplete recordings of their daily blood glucose
profiles (inaccurate readings, omission of outliers, false
reports not recorded in the memory of the meter), usually
depicting a trend towards correcting results of readings.22,23

Of course, adequate training, visual acuity, hypoxia, altitude,
hemolysis, hematocrit, hypertriglyceridemia, adequate sample
volume,24 and other technical elements, can influence the
results. Reinforcing patient education at regular clinic visits,
evaluating his/her technique and frequent comparison of
SBGM profiles with concurrent laboratory blood glucose
analysis, will assess the reliability of patient reports.

About 30 different brands of meters are commercially
available. They use strips containing glucose oxidase or hexo-
kinase; some meters contain a porous membrane that separates
erythrocytes, the analysis being carried out in plasma. The
meters provide a digital read-out, using reflectance photome-
try or electrochemistry for the measurements of glucose 
concentration. There is a wide variability in the performance of
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the different meters and the level of imprecision remains high.
No published reports of glucose meters have achieved the
American Diabetes Association (ADA) goal of analytical devi-
ation <5% from reference values.25,26

SBGM should be performed at least four times per day in
patients with Type 1 DM. It has been demonstrated that
monitoring with lower frequency than this is associated with
deterioration of glycemic control.27–29

Non-invasive or minimally invasive continuous monitoring
of blood glucose is a high priority (both to detect unsuspected
hypoglycemia and as a further step in the development of an
artificial pancreas), allowing automatic measurement of blood
glucose and adjustment of insulin administration (Figure 53.7).
Transcutaneous sensors and implanted sensors use multiple
detection systems [enzymatic (e.g. glucose oxidase), electrode,
fluorescence). The method for sampling in minimally invasive
systems takes advantage of the correlation between the concen-
tration of glucose in the interstitial fluid and in blood.30,31

Whereas microdialysis systems are inserted subcutaneously,
reverse iontophoresis uses a low-level electrical current, which
by electro-osmosis moves glucose across the skin, being the
glucose concentration measured with a glucose-oxidase
detector.32,33

Total non-invasive technology for glucose sensing, includ-
ing techniques of near-infrared spectroscopy, light scattering
and photoacoustic spectroscopy, are in progress. The Gluco

Watch Biographer and the Continuous Monitoring System
(CMS) received a Food and Drug Administration (FDA)
license. The Gluco Watch System can analyze glucose three
times per hour for up 12 h, and it is best indicated for detec-
tion of hypoglycemia. It has provided excellent correlation
with SBGM. The CMS includes a subcutaneous glucose sensor
connected to an external monitor; it allows glucose measure-
ments every 5 min for 72 h; values are not displayed until
being downloaded into a computer at the end of the recorded
interval.

It is anticipated that important progress in these methods
for non-invasive or minimally invasive glucose monitoring
will be made in the near future.

Glycated hemoglobin (HbA1c)
More than 40 years ago, it was observed that normal adult
hemoglobin could be separated by chromatographic proce-
dures into a major and various minor components. In one 
of the minor components – HbA1c – glucose was attached,
non-enzymatically, to the terminal N-valine of the beta chain
of HbA0. In the following years, numerous assays were
developed to measure HbA1c levels.

The average lifespan of erythrocytes is 100–120 days.
Measuring HbA1c offers an accurate estimation of the average
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blood glucose concentration of the past 2–3 months. HbA1c is
used as an integrated estimation of mean glycemia and as a
marker of risk for the development of diabetes complications.
At present, there are >30 HbA1c assay methods available.
Certain methods quantify HbA1c based on charge differences
of the glycated components (cation exchange chromato-
graphy, agar gel electrophoresis). Other methods analyze
structural differences between glycated and non-glycated
components (affinity chromatography, immunoassay). Certain
methods quantify total glycated hemoglobin, including
HbA1c and other hemoglobin–glucose adducts.

In 1996, the American Association of Clinical Chemists
(AACC), in collaboration with the ADA established the
National Glycohemoglobin Standardization Program. It was
decided to adopt the high-performance liquid chromotogra-
phy (HPLC) reference method used in the DCCT (Bio-Rex 70;
between run CV <3%), as the designated comparison 
method. The UKPDS incorporated the same standardization
method; therefore, its HbA1c reports were compatible with
those of DCCT. More than 90% of USA laboratories, and
many others worldwide, are using this standardization
program.34

Any condition that shortens erythrocyte survival
(hemolytic anemia, acute blood loss) falsely lowers HbA1c test
results; in contrast, iron-deficiency anemia increases the
value.35 Glycation may also vary between patients with similar
capillary blood glucose levels, and glycation appears to be
lower in subjects with a higher body mass index (BMI).36

Several hemoglobinopathies interfere with some assay
methods; the results can be falsely increased or decreased;
non-hemoglobin-based methods for assessing long-term
glycemic control may represent useful alternatives in these 
circumstances.

European guidelines have recommended the classification of
blood glucose control by the number of SD the experimental
value is from the nondiabetic mean for the particular assay.37

The International Federation of Clinical Chemistry (IFCC)
has organized a working party to develop a scientifically based
method of the production of a primary reference. Electrospray
ionization mass spectrometry (ESIMS) has been demon-
strated to be a precise measurement of HbA1c, in particular
glycation of the beta chain, which has been proposed as a
robust procedure for calibration purposes. In a protocol
performed with 1022 patients, the comparison of the ESIMS
with the ion-exchange chromatographic procedure showed
excellent agreement, with values, on average, 0.7% lower with
ESIMS. The comparison with DCCT-corrected ion-exchange
values gave good agreement, with ESIMS showing an overall
lower value of mean 0.4%.38

There is a general agreement that the new mass-
spectroscopy-based method appears to be more accurate and
to reflect ‘true’ HbA1c. It yields normal (nondiabetic) values
that are significantly lower than those used by the National
Glycohemoglobin Standardization Program, DCCT and
UKPDS (3–5 vs. 4–6%).

The Ames DCA 2000 Analyzer measures HbA1c by an
agglutination inhibition immunoassay, allowing results in 
6 min with 1 mL of blood. The Ames DCA 2000 analyzer

offers reliable results, although showing a trend to lightly
underestimate the results in comparison with HPLC.39 This
analyzer gave valid and reliable results when operated by non-
medical personnel.

The Primus CLC330 provides an HPLC near-patient
HbA1c method, comparable in precision and accuracy to the
Ames DCA 2000 Analyzer.40 Near-patient testing for HbA1c
has practical clinical use in the diabetes clinic, avoiding the
need for a second appointment and allowing immediate
changes in therapy.

Glycated serum proteins
Mostly albumin, and other serum proteins, undergo the
process of glycation. The turnover of serum albumin depicts a
half-life of 25 days; it provides an index of a mean glycemic
level of a shorter interval than HbA1c. The fructosamine assay
is the most widely method being used for estimating glycated
serum proteins. Nevertheless, although fructosamine levels
correlate with HbA1c levels within a population, transference
cannot apply for individual values.41 Also, changes in serum
proteins affect the readings of fructosamine;42 the technique is
unreliable in diabetic patients with renal failure,43 liver cirrho-
sis and nephrotic syndrome.44

Assessment of the effectiveness of self blood glucose mon-
itoring in diabetes in pregnancy

Various randomized controlled trials (RCT)45–49 and case
series studies,50–55 carried out either in diabetes or obstetrics
departments of university hospitals, have evaluated the clinical
effectiveness of SBGM in women with GDM or diabetic preg-
nancies. Blood glucose and HbA1c determinations, as well as
maternal and fetal outcomes, were recorded. Some studies
examined the costs of hospital care and home monitoring, and
the compared costs for a control group receiving standard
care.47,48 The largest of all protocols included a population of
153 women with GDM in the experimental group and 2153
nondiabetics in the control group. The main goal of the case
series studies was to assess the feasibility of managing pregnant
women with Type 1 DM/GDM at home using SBGM. There
was general agreement that women were able to achieve satis-
factory blood glucose profiles at home using SBGM; hospital
utilization was lower, and infant birthweights and indicators of
macrosomia were also more favorable in those women.

Main findings from the RCT demonstrated that patients
with Type 1 DM managed by SBGM at home obtained similar
results regarding glycemic control to those patients under
intensive control in the hospital. Maternal and fetal outcomes
were also similar in both groups. Women preferred lower use
of the hospital and home management with SBGM.
Particularly for GDM, monitoring blood glucose after meals,
rather than before, contributed to better metabolic control
and better fetal outcomes (there were fewer Cesarean sections
for cephalopelvic disproportion, fewer cases of macrosomia
and large-for-gestational-age infants, and fewer episodes of
neonatal hypoglycemia).49 In addition, women who utilized
SBGM were less likely to require hospital admission, leading to
a substantial cost saving.

9780415426206-Ch53  11/29/07  4:52 PM  Page 406



References 407

1. World Health Organization (Europe) and International Diabetes
Federation (Europe). Diabetes care and research in Europe: the 
St Vincent Declaration. Diabet Med 1990; 7: 360.

2. Eurodiabeta. Information Technology for Diabetes Care in Europe:
the Eurodiabeta initiative. Diabet Med 1990; 7: 639–50.

3. Krans HMJ, Porta M, Kee H. Diabetes care and research in Europe.
The St Vincent Declaration action programme. G Ital Diabetologia
1992; 12(suppl. 2): 1–56.

4. Piwernetz K, Home PD, Snorgaard O, et al., for the DiabCare
Monitoring Group of the St Vincent Declaration Steering Committee.
Monitoring the targets of the St Vincent Declaration and the imple-
mentation of Quality Managemant in Diabetes Care: the DiabCare
Initiative. Diabet Med 1993; 10: 371–7.

5. World Health Organization (WHO). Diabetes care and research in
Europe: implementation of the St Vincent Declaration. Report on a
joint WHO/IDF Meeting, Budapest 9-11 March 1992. (WHO
Regional Office for Europe: Copenhagen, 1992) 1–25, (EUR/ICP/
CLR0550235g).

6. World Health Organization (WHO). Recommendations to facili-tate
the implementation of the St Vincent Declaration initiatives by
national, regional, and local diabetes task forces. Report on the
Consensus Workshop, Oslo, 26–27 June 1992. (WHO Regional
Office for Europe: Copenhagen, 1992) EUR/ICPCLR0550279g.

7. Piwernetz K, Massi Benedetti M, Vermeij D, et al. DiabCare
Thinkshop, ‘Quality Network Diabetes’. Diabetes Nutr Metab 1993;
6: 107–22.

8. Corcoy R, Muntaner F, Pou JM, et al. DiabCare data set collection:
benefits and warnings. Diabetes Nutr Metab 1993; 6: 389–92.

9. Gallo G, Cermeño J, Brugués E, et al. The burden of type 2 
diabetes compared to the burden of type 1 diabetes in patients
undergoing intensive and specialized care. Diabetologia 2001;
44(suppl. 1): 16-A.

10. Cubero JM, Hernández M, Brugués E, et al. Metabolic outcome
achieved by intensive management in European Diabetes Center 
are far from desirable targets. Diabetologia 2001; 44(suppl. 1): 
17-A.

11. Kerényi Zs, Tamás Gy, Piwernetz K. Pregnancy complicated by dia-
betes: baseline data. Diabetes Nutr Metab 1993; 6: 365–8.

12. Jówicka E, Krzymierí J, Tracz M, et al. Implementation of the
DiabCare program in registration of pregnant diabetic women.
Diabetes Nutr Metab 1993; 6: 369–71.

13. Thaisz E, Rappai A, Fövényi J, Závodi E. Screening and care of
gestational and insulin-dependent diabtic pregnancies: the first four
years experience. Diabetes Nutr Metab 1993; 6: 373–5.

14. Tamás Gy, Hadden DR, Molsted-Pedersen L, et al. WHO/IDF
Guidelines for care and management of the pregnant diabetic
women. Av Diabetologia 1992; 5: 137–40.

15. Engelbrecht R, Hildebrand C, Kühnel E, et al. A chip card for patients
with diabetes. Comput Meth Prog Biomed 1994; 45: 33–5.

16. Engelbrecht R, Hildebrand C, Brugués E, et al. DIABCARD – 
an application of a portable medical record for persons with 
diabetes. Med Inform 1996; 21: 273–82.

17. The Diabetes Control and Complications Trial Research Group. 
The effect of intensive treatment of diabetes on the development 
and progression of retinopathy in the Diabetes Control and
Complications. New Engl J Med 1993; 329: 977–86.

18. UK Prospective Diabetes Study (UKPDS) Group. Intensive blood
glucose control with sulphonylureas or insulin compared with
conventional treatment and risk of complications in patients with
type 2 diabetes (UKPDS 33). Lancet 1998; 352: 837–53.

19. UK Prospective Diabetes Study Group. Tight blood pressure control
and risk of macrovascular and microvascular complications in type
2 diabetes: UKPDS 38. Br Med J 1998; 317: 703–13.

20. European Diabetes Policy Group 1998. A desktop guide to type 1
(insulin-dependent) diabetes mellitus. Diabet Med 1999; 16:
253–66.

21. Walkinshaw SA. Dietary regulation for ‘gestational diabetes’
(Cochrane Review). The Cochrane Library, Issue 2. (Update
Software: Oxford, 1999).

22. Ziegler O, Kolopp M, Got I, et al. Reliability of self-monitoring of
blood glucose by CSII treated patients with type 1 diabetes. Diabetes
Care 1989; 12: 184–8.

23. Strowig SM, Raskin P. Improved glycaemic control in intensively
treated type 1 diabetic patients using blood glucose meters with 

storage capability and computer assisted analysis. Diabetes Care
1998; 21: 1694–9.

24. Devreese K, Leroux-Roels G. Laboratory assessment of five blood
glucose meters designed for self-monitoring of blood glucose
concentration. Eur J Clin Chem Clin Biochem 1993; 31: 829–37.

25. Weitgasser R, Gappmayer B, Pichler M. Newer portable glucose
meters – analytical improvement compared with previous genera-
tion devices? Clin Chem 1999; 45: 1821–5.

26. Brunner GA, Ellmere M, Sendlfofer G, et al. Validation of home
blood glucose meters with respect to clinical and analytical
approaches. Diabetes Care 1998; 122: 495–502.

27. American Diabetes Association. Self-monitoring of blood glucose.
Diabetes Care 1996; 19(suppl. 1): S62–6.

28. Schiffrin A, Belmonte M. Multiple daily self-glucose monitoring: 
it is essential role in long-term glucose control in insulin-dependent
diabetic patients treated with pump and multiple subcutaneous
injections. Diabetes Care 1982; 5: 479–84.

29. Nathan DS. The importance of intensive supervision in determining
the efficacy of insulin pump therapy. Diabetes Care 1983; 6: 295–7.

30. Bolinder J, Ungerstedt U, Arner P. Microdialysis measurement of the
absolute glucose concentration in subcutaneous adipose tissue
allowing glucose monitoring in diabetic patients. Diabetologia
1992; 35: 1177–80.

31. Hashiguchi Y, Sakakida M, Nishida K, et al. Development of a
miniaturized glucose monitoring system by combining a needle-
type glucose sensor with microdialysis sampling method. Long-term
subcutaneous tissue glucose monitoring in ambulatory diabetic
patients. Diabetes Care 1994; 17: 387–96.

32. Tamada JA, Garg J, Jovanovic L, et al. Noninvasive glucose
monitoring: comprehensive clinical results. Cygnus Research Team.
J Am Med Assoc 1999; 282: 1839–44.

33. Garg SK, Potts RO, Ackerman NR, et al. Correlation of fingerstick
blood glucose measurements with Gluco Watch Biographer glucose
results in young subjects with type 1 diabetes. Diabetes Care 1999;
22: 1708–14.

34. Little RR, Rohlfing CL, Wiedmayer H-M, et al. The National
Glycohemoglobin Standardization Program (NGSP): a five-year
progress report. Clin Chem 2001; 47: 1985–92.

35. Guerci B, Durain D, Leblanc H. Multicentre evaluation of the DCA
2000 system for measuring glycated haemoglobin. DCA 2000 Study
Group. Diabetes Metab 1997; 23: 195–201.

36. Courturier M, Anman H, Des Rosiers C, Comtois R. Variable glyca-
tion of serum proteins in patiens with diabetes mellitus. Clin Invest
Med 1997; 20: 103–9.

37. European IDDM Policy Group. Consensus guidelines for the
management of insulin-dependent (type 1) diabetes. Diabet Med
1999; 10: 990–1005.

38. Roberts NB, Amara AB, Morris M, Green BN. Long-term evaluation
of electrospray ionization mass spectrometric analysis of glycated
hemoglobin. Clin Chem 2001; 47: 316–21.

39. Tarim O, Kucukerdogan A, Gunay U, et al. Effects of iron deficiency
anemia on hemoglobin A1c in type 1 diabetes mellitus. Pediatr Int
1999; 41: 357–62.

40. Phillipov G, Charles P, Beng C, Philips PJ. Alternate site testing for
HbA1c using Primus CLC330 GHb analyzer. Diabetes Care 1997;
20: 607–9.

41. Braadvedt GD, Drury PL, Cundy T. Assessing glycaemic control 
in disbetes: relationships between fructosamine and HbA1c. NZ
Med J 1997; 110: 459–62.

42. Kruseman AC, Mercelina L, Degenaar CP. Value of fasting blood glu-
cose and serum fructosamine as a measure of diabetic control in
non-insulin-dependent diabetes mellitus. Horm Metab Res 1992;
26(suppl.): 59–62.

43. Morgan LJ, Marenah CB, Morgan AG, et al. Glycated haemoglobin
and fructosamine in non-diabetic subjects with chronic renal failure.
Nephrol Dial Transplant 1990; 5: 868–73.

44. Kilpatrick ES. Problems in the assessment of glycaemic control in
dibetes mellitus. Diabet Med 1997; 14: 819–31.

45. Stubbs SM, Brudenell JM, Pyke DA, et al. Management of the preg-
nant diabetic: home or hospital, with or without glucose meters?
Lancet 1980; i: 1122–4.

46. Goldstein A, Elliot J, Lederman S. Economic effects of self-monitoring
of blood glucose concentrations by women with insulin dependent
diabetes during pregnancy. J Reprod Med 1982; 27: 449–50.

REFERENCES

9780415426206-Ch53  11/29/07  4:52 PM  Page 407



47. Varner NW. Efficacy of home glucose monitoring in diabetic preg-
nancy. Am J Med 1983; 75: 592–6.

48. Hanson U, Person B, Enochsson E, et al. Self-monitoring of blood
glucose by diabetic women during the third trimester of pregnancy.
Am J Obset Gynecol 1984; 150: 817–21.

49. De Veciana M, Major CA, Morgan M, et al. Postprandial versus
prepandial blood glucose monitoring in women with gestational
diabetes mellitus requiring insulin therapy. N Engl J Med 1995; 19:
1237–41.

50. Peacock M, Chunter JC, Walford S. Self-monitoring of blood glucose
in diabetic pregnancy. Br Med J 1979; ii: 1333–6.

51. Jovanovic L, Peterson CM, Saxena BB, et al. Feasibility of maintain-
ing normal glucose profiles in insulin-dependent pregnant diabetic
women. Am J Med 1980; 68: 105–12.

52. Jovanovic L, Druzin ML, Peterson CM. Impact of euglycaemia on the
outcome of pregnancy in insulin-dependent diabetic women com-
pared with normal control subjects. Am J Med 1981; 71: 921–8.

53. Espersen T, Klebe JG. Self-monitoring of blood glucose in pregnant
diabetics. A comparative study of the blood glucose level and course
of pregnancy in pregnant diabetics on an out-patient regime before
and after the introduction of methods for home analysis of blood
glucose. Acta Obstet Gynecol Scand 1985; 64: 11–4.

54. Goldberg JD, Franklin B, Lasser D, et al. Gestational diabetes: impact
of home glucose monitoring on neonatal birth weight. Am J Obstet
Gynecol 1986; 154: 546–50.

55. Wecher DJ, Kaufmann RC, Amankwah KS, et al. Prevention of neona-
tal macrosomia in gestational diabetes by the use of intensive dietary
therapy and home glucose monitoring. Am J Perinatol 1991; 8: 131–4.

408 Quality of care for the woman with diabetes in pregnancy

9780415426206-Ch53  11/29/07  4:52 PM  Page 408



Introduction
Physicians caring for pregnant women with diabetes can con-
front ethical concerns and issues that arise when the physician’s
judgments about what is in her clinical interest and/or the
fetus’s interests differs from her judgment about what is 
in her or her fetus’s interest.1–6 One way to manage such differ-
ences would be to assert the primacy of the physician’s 
judgment. This strategy has been discredited because it 
leads to paternalism in the care of patients.7 Paternalism occurs
when the physician’s clinical judgments fail to take account of
the patient’s values and beliefs regarding her own health and
medical care.8 To avoid paternalism the physician could opt for
the alternative of the primacy of the patient’s judgment.9 This
approach, however, can reduce the physician’s role to that of
mere technician and may also require the physician to act in
ways that contradict reasonable medical judgment.

In this chapter the methods of ethics are applied to the
problem of differences between the obstetrician and the 
diabetic pregnant woman about what is in her interest and 
the fetal patient’s interest in a way that avoids these two
extremes. Our goal is to identify a framework for clinical judg-
ment and decision-making about the ethical dimensions of
the obstetrician–patient relationship. To achieve this goal
ethics, medical ethics, and the fundamental ethical principles
of medical ethics, beneficence and respect for autonomy will
be defined. Secondly, the concept of the fetus as a patient will
be identified, emphasizing counseling for a pregnancy compli-
cated by a fetal anomaly. Thirdly, the implications of this con-
cept for the role of Cesarean delivery in the care of pregnant
women with diabetes will be discussed. A preventive ethics
approach that appreciates the potential for ethical confiict and
adopts ethically justified strategies to prevent those confiicts
from occurring will be emphasized.5,10 Preventive ethics helps
to build and sustain a strong physician–patient relationship.

A framework for obstetric ethics
Ethics and medical ethics
Ethics can be usefully defined as the disciplined study of moral-
ity and draws on the disciplines of the humanities, especially

philosophy. Medical ethics can therefore be defined as the disci-
plined study of morality in medicine and concerns the mutual
obligations of physicians and their patients to health care
organizations and society. Medical ethics is as old as medicine
itself, dating in Western medicine from the Hippocratic Oath
and texts. Since the eighteenth century medical ethics has been
understood to be secular. By this we mean that medical ethics
does not appeal to religious or theological sources of moral
authority but to what people can and should agree upon based
on careful analysis of concept and rational argument.

Ethics should not be confused with the many sources of
morality in a pluralistic society.11 In most countries, these
include law, American political heritage as a free people, the
world’s religions (most of which now exist in the USA), ethnic
and cultural traditions, families, the traditions and practices of
medicine (including medical education and training), and
personal experience. These sources of morality can be useful
reference points for ethical inquiry.

The traditions and practices of medicine, including educa-
tion and training, constitute an influential, and therefore
important, source of morality for physicians. A basic obliga-
tion that has emerged from medical traditions and practices 
is the obligation to protect and promote the interests of the
patient.5,12 This obligation tells physicians what morality in
medicine ought to be in very general abstract terms. Providing
a more concrete, clinically applicable account of that obliga-
tion is the central task of medical ethics.

To undertake this task, medical ethics focuses on the ques-
tion of: how ought the physician to conduct himself or herself
with patients? Major tools of ethics for answering this ques-
tion include ethical principles, because they help the physician
to interpret and implement his or her general moral obliga-
tion to protect and promote the interests of the patient.5,12

Ethical principles
Principle of beneficence
The principle of beneficence requires each of us to act in a 
way that is expected reliably to produce the greater balance 
of goods over harms in the lives of others.5,8,12 To put this prin-
ciple into clinical practice requires a reliable account of the
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goods and harms pertinent to the care of the patient, and of
how those goods and harms should be reasonably balanced
against each other when not all of them can be achieved in a
particular situation. In medical ethics, the principle of benefi-
cence requires the physician to act in ways that are reliably
expected to produce the greater balance of clinical goods over
harms for the patient. The scope of beneficence is limited to
clinical goods and harms, because the evidence-based expert-
ise of physicians is clinical and does not extend to other
aspects of patient’s lives.

Beneficence-based clinical judgment possesses an ancient
pedigree: its first expression is found in the Hippocratic Oath
and accompanying texts.5,8 Beneficence-based clinical judg-
ment makes an important claim: to interpret reliably the
interests of the patient from medicine’s perspective.5,12 This
perspective is provided by accumulated scientific research,
clinical experience and reasoned responses to uncertainty.
Beneficence-based clinical judgment is therefore a function of
evidence-based clinical reasoning and judgment. As such, it is
not the function of the individual clinical perspective of a par-
ticular physician and therefore should not be based merely on
clinical impression or intuition of an individual physician. On
the basis of this rigorous, clinical perspective, beneficence-
based clinical judgment identifies the clinical goods that can
be achieved for the patient in clinical practice based on the
competencies of medicine. The clinical goods that medicine is
competent to seek for patients are the prevention and man-
agement of disease, injury, handicap, unnecessary pain and
suffering, and the prevention of premature or unnecessary
death.5 Pain and suffering become unnecessary when they do
not result in achieving the other goods of medical care.

It is important to note that there is an inherent risk of
paternalism in beneficence-based clinical judgment. This
means that beneficence-based clinical judgment, if it is, mis-
takenly, considered to be the sole source of moral responsibil-
ity, and therefore moral authority in medical care, invites the
unwary physician to conclude that beneficence-based judg-
ments can be imposed on the patient in violation of her
autonomy.5,8,12 Paternalism can be a dehumanizing response
to the patient and therefore should be avoided in the practice
of obstetrics.

The preventive ethics response to this inherent paternalism
is for the physician to explain the diagnostic, therapeutic, and
prognostic reasoning that leads to his or her clinical judgment
about what is in the interest of the patient, so that the patient
can assess that judgment for herself. This strategy becomes
important in the management of pregnancy in diabetic
patients as a means to educating the pregnant woman about
the implications of diabetes for pregnancy. These include
informing her that meticulous outpatient care and even hos-
pitalization may be necessary to optimize outcome. This
process of explaining beneficence-based clinical judgment
should enhance the patient’s ability to understand and deal
effectively with the technical aspects of managing a pregnancy
complicated by diabetes, and help prepare her for decisions
that may need to be made during the course of her pregnancy,
e.g. ultrasound examination to detect diabetes-related fetal
anomalies or Cesarean delivery to avoid the birth trauma asso-
ciated with macrosomia.

A major advantage of sharing such beneficence-based 
clinical judgment for the physician in carrying out this
approach is that it promotes compliance with the obstetri-
cian’s recommendations, especially those intended to prevent
or minimize the complications of pregnancy. Another advan-
tage would be to provide the patient with a better-informed
opportunity to make a decision about whether to seek a
second opinion. The approach outlined above should make
such a decision less threatening to her physician, who has
already shared with the patient the limitations on clinical
judgment. A final advantage may be a reduction of the per-
centage (20%) of physicians who reportedly dismiss patients
who disagree with them and the high percentage (36%) of
patients who report that they have changed physicians who
disagree with them.13

Principle of respect for autonomy
There has been increasing emphasis in the literature of med-
ical ethics on the principle of respect for autonomy.8,11 This
principle requires one always to acknowledge and carry out
the value-based preferences of others, irrespective of what one
might think the consequences for them of so doing might be.

The pregnant patient, including the pregnant diabetic
patient, increasingly brings to her medical care her own per-
spective on what is in her interests. The principle of respect for
autonomy translates this fact into autonomy-based clinical
judgment. Autonomy-based clinical judgment has roots both
in the clinical practice of obstetrics and gynecology in the
nineteenth century when informed consent practices were
developed in the United States,14 in the twentieth-century law
of malpractice that probably codified these emerging best
practices, and then in ethics, dating from four decades ago.8,15

Because each patient’s perspective on her interests is a func-
tion of her values and beliefs, it is impossible to specify the
goods and harms of autonomy-based clinical judgment in
advance. Indeed, it would be inappropriate to do so, because
the definition of her goods and harms, and their balancing, are
the prerogative of the pregnant patient. Not surprisingly,
autonomy-based clinical judgment is strongly antipaternalis-
tic in nature.

To understand the moral demands of this principle, an
operationalized concept of autonomy is needed, to make it rel-
evant to clinical practice. To do so, three sequential autonomy-
related behaviors on the part of the patient are identified: (1)
absorbing and retaining information about her condition, and
alternative diagnostic and therapeutic responses to it; (2)
understanding that information, cognitively, i.e. identifying
consequences that can follow from actions; (3) appreciating
that information, i.e. believing that it applies to oneself; (4)
understanding information evaluatively, i.e. evaluating and
rank-ordering those responses; and (5) expressing a value-
based preference for a particular response.16 The physician has
a role to play in each of these. They are, respectively: (1) to rec-
ognize (and not underestimate) the capacity of each patient to
deal with medical information about pregnancy, especially
diabetes and pregnancy, to provide information, i.e. disclosure
and explanations of all alternatives supported in beneficence-
based clinical judgment, and to recognize the validity of the
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values and beliefs of the patient; (2) not to interfere with but,
when necessary, to assist the diabetic pregnant patient in her
evaluation and ranking of diagnostic and therapeutic alterna-
tive responses to her condition; and (3) to elicit and imple-
ment the patient’s value-based preference.5

Interaction of beneficence and
respect for autonomy in obstetric
clinical judgment and practice
The ethical principles of beneficence and respect for auton-
omy play a complex role in obstetric clinical judgment 
and practice (Box 54.1). There are obviously beneficence-
based and autonomy-based obligations to the diabetic 
pregnant patient.5 The physician’s evidence-based perspective
on the pregnant woman’s health-related interests provides the
basis for the physician’s beneficence-based obligations to her.
Her own perspective on her health-related and other interests
provides the basis for the physician’s autonomy-based 
obligations to her. Because of an insufficiently developed cen-
tral nervous system, the fetus cannot meaningfully be said to
possess values and beliefs. Thus, there is no basis for saying
that a fetus has a perspective on its interests. There can there-
fore be no autonomy-based obligations to any fetus.5 Hence,
the language of fetal rights has no meaning and therefore 
no application to the fetus in obstetric clinical judgment and
practice, despite its popularity in public and political 
discourse in the United States and other countries. Obviously,
the physician has a perspective on the fetus’s health-related
interests and the physician can have beneficence-based 
obligations to the fetus, but only when the fetus is a patient.
Because of its importance for obstetric clinical judgment and
practice, the topic of the fetus as a patient requires detailed
consideration.

The concept of the fetus as a patient
The concept of the fetus as a patient is essential to obstetric
clinical judgment and practice. This concept has considerable
clinical significance because, when the fetus is a patient, direc-
tive counseling, i.e. recommending a form of management,
for fetal benefit is appropriate and, when the fetus is not a
patient, nondirective counseling, i.e. offering but not recom-
mending a form of management, is appropriate. However,

these apparently straightforward roles for directive and nondi-
rective counseling are often challenging to apply in actual
perinatal practice because of uncertainty about when the fetus
is a patient.

Independent moral status of the fetus
One approach to resolving this uncertainty would be to argue
that the fetus is or is not a patient in virtue of personhood, or
some other form of independent moral status.6,9,11,17–19 It will
now be shown that this approach fails to resolve the uncer-
tainty and we therefore defend an alternative approach that
does resolve the uncertainty.5

Independent moral status for the fetus means that one or
more characteristics that the fetus possesses in and of itself,
and, therefore, independently of the pregnant woman or any
other factor, generate and therefore ground obligations to the
fetus on the part of the pregnant woman and her physician.
Many characteristics have been nominated for this role.17–19

Given the variability of proposed characteristics, there is con-
siderable variation among ethical arguments about when the
fetus acquires independent moral status. Some take the view
that the fetus has independent moral status from the moment
of conception or implantation.17–19 Others believe that inde-
pendent moral status is acquired in degrees, thus resulting in
‘graded’ moral status.6,20 Still others hold, at least by implica-
tion, that the fetus never has independent moral status so long
as it is in utero.9

Despite an ever-expanding theological and philosophical
literature on this subject, there has been no closure on a single
authoritative account of the independent moral status of
the fetus.5,19,21 This is an unsurprising outcome because, given
the absence of a single method that would be authoritative for
all of the markedly diverse theological and philosophical
schools of thought involved in this endless debate, closure is
impossible. For closure ever to be possible, debates about 
such a final authority within and between theological and
philosophical traditions would have to be resolved in a way
satisfactory to all, an inconceivable intellectual and cultural
outcome that secular medical ethics does not have the intellec-
tual authority to produce. Therefore, it is proposed that 
these futile attempts to understand the fetus as a patient in
terms of its independent moral status are abandoned and turn
instead to an alternative approach that makes it possible to
identify ethically distinct senses of the fetus as a patient,
and their clinical implications for directive and nondirective
counseling.

Dependent moral status of the fetus
Analysis of the dependent moral status of the fetus as a patient
begins with the recognition that being a patient does not
require that one possesses independent moral status.22 Rather,
being a patient means that one can benefit from the applica-
tions of the clinical skills of the physician. Put more precisely,
a human being without independent moral status is properly
regarded as a patient when two conditions are met: (1) a
human being is presented to the physician and (2) there exist
clinical interventions that are reliably expected to be efficacious,
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Box 54.1 Ethical obligations of the physician in 
obstetric care

Interests of the pregnant woman
● Maternal autonomy-based obligations of physician
● Maternal beneficence-based obligations of physician

Interests of the fetal patient
● Fetal beneficence-based obligations of pregnant woman
● Fetal beneficence-based obligations of physician
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in that they are reliably expected to result in a greater balance
of goods over harms for the human being in question.23 This
is the second sense of the concept of the fetus as a patient,
termed the dependent moral status of the fetus.5

The present authors have argued elsewhere that benefi-
cence-based obligations to the fetus exist when the fetus is reli-
ably presented for medical interventions, whether diagnostic
or therapeutic, that can reasonably be expected to result in a
greater balance of goods over harms for the child or person
the fetus can later become during early childhood. Whether
the fetus is a patient depends on links that can be established
between the fetus and its later achieving independent moral
status.5

Viable fetal patient
One such link is viability. Viability is not, however, an intrin-
sic property of the fetus because viability must be understood
in terms of both biological and technological factors.21,24

These two factors do not exist as a function of the autonomy
of the pregnant woman. When a fetus is viable, i.e. when it is
of sufficient maturity so that it can survive into the neonatal
period and achieve independent moral status given the avail-
ability of the requisite technological support, and when it is
presented to the physician, the fetus is a patient.

Viability exists as a function of biomedical and technolog-
ical capacities, which are different in different parts of the
world. As a consequence there is, at the present time, no
worldwide, uniform gestational age to define viability. In the
United States, the present authors believe, viability presently
occurs at c. 24 weeks of gestational age.25–28

When the fetus is a patient, directive counseling for fetal
benefit is ethically justified. In clinical practice, directive coun-
seling for fetal benefit involves one or more of the following:
recommending against termination of pregnancy; recom-
mending for or against aggressive management. Aggressive
obstetric management includes interventions such as fetal sur-
veillance, tocolysis, Cesarean delivery or delivery in a tertiary
care center when indicated. Non-aggressive obstetric manage-
ment excludes such interventions. Directive counseling for
fetal benefit, however, must take account of the presence and
severity of fetal anomalies, extreme prematurity and obliga-
tions to the pregnant woman.5

It is important to appreciate in obstetric clinical judgment
and practice that the strength of directive counseling for fetal
benefit varies according to the presence and severity of anom-
alies. As a rule, the more severe the fetal anomaly, the 
less directive counseling should be for fetal benefit.5,29–32 In
particular, when there is a very high probability of a correct
diagnosis and either a very high probability of death as an out-
come of the anomaly diagnosed or a very high probability of
severe irreversible deficit of cognitive developmental capacity
as a result of the anomaly diagnosed, counseling should be 
nondirective in recommending between aggressive and non-
aggressive management as options.33 In contrast, when lethal
anomalies can be diagnosed with certainty then there are no
beneficence-based obligations to provide aggressive manage-
ment.5,34 Such fetuses are not patients; they are appropriately
regarded as dying fetuses and the counseling should be nondi-
rective in recommending between non-aggressive management

and termination of pregnancy, but directive in recommend-
ing against aggressive management for the sake of maternal 
benefit.29

The strength of directive counseling for fetal benefit in
cases of extreme prematurity of viable fetuses does not vary.
In particular, this is the case for what are termed just-viable
fetuses,5 i.e. those with a gestational age of 24–26 weeks 
for which there are significant rates of survival but high rates
of mortality and morbidity.25–28 These rates of morbidity 
and mortality can be increased by non-aggressive obstetric
management, while aggressive obstetric management may
favorably influence outcome. Thus, it would appear that there
are substantial beneficence-based obligations to just-viable
fetuses to provide aggressive obstetric management. This is all
the more the case in pregnancies beyond 26 weeks gestational
age.25–28 Therefore, directive counseling for fetal benefit is 
justified in cases of extreme prematurity of viable fetuses 
considered by itself. Of course, such directive counseling is
only appropriate when it is based on documented efficacy of
aggressive obstetric management for each fetal indication.

Any directive counseling for fetal benefit must occur in the
context of balancing beneficence-based obligations to the
fetus against beneficence- and autonomy-based obligations to
the pregnant woman (Box 54.1).5,35 Any such balancing must
recognize that a pregnant woman is obligated only to take rea-
sonable risks of medical interventions that are reliably
expected to benefit the viable fetus or child later. The unique
feature of obstetric ethics is that whether, in a particular case,
the viable fetus ought to be regarded as presented to the physi-
cian is, in part, a function of the pregnant woman’s autonomy.

Obviously, any strategy for directive counseling for fetal
benefit that takes account of obligations to the pregnant
woman must be open to the possibility of conflict between 
the physician’s recommendation and a pregnant woman’s
autonomous decision to the contrary. Such conflict is best
managed preventively through informed consent as an ongo-
ing dialog throughout the pregnancy, augmented as necessary
by negotiation and respectful persuasion.5,10

Previable fetal patient
The only possible link between the previable fetus and the
child it can become is the pregnant woman’s autonomy. This
is because technological factors cannot result in the previable
fetus becoming a child. This is simply what previable means.
The link, therefore, between a fetus and the child it can
become, when the fetus is previable, can be established only by
the pregnant woman’s decision to confer the status of being a
patient on her previable fetus. The previable fetus, therefore,
has no claim to the status of being a patient independently of
the pregnant woman’s autonomy. The pregnant woman is free
to withhold, confer or, having once conferred, withdraw the
status of being a patient on or from her previable fetus accord-
ing to her own values and beliefs. The previable fetus is pre-
sented to the physician solely as a function of the pregnant
woman’s autonomy.5

Counseling the pregnant woman regarding the manage-
ment of her pregnancy when the fetus is previable should 
be nondirective in terms of continuing the pregnancy or
having an abortion, if she refuses to confer the status of being
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a patient on her fetus. If she does confer such status in a set-
tled way, at that point beneficence-based obligations to her
fetus come into existence and directive counseling for fetal
benefit becomes appropriate for these previable fetuses. Just as
for viable fetuses, such counseling must take account of the
presence and severity of fetal anomalies, extreme prematurity
and obligations owed to the pregnant woman.

For pregnancies in which the woman is uncertain about
whether to confer such status, the present authors propose
that the fetus be provisionally regarded as a patient.5 This jus-
tifies directive counseling against behavior that can harm a
fetus in significant and irreversible ways, e.g. poorly controlled
hyperglycemia, until the woman settles on whether to confer
the status of being a patient on the fetus. This also justifies
directive counseling about diagnostic surveillance, e.g. ultra-
sound examination to detect anomalies. When anomalies are
detected, counseling about the disposition of the woman’s
pregnancy should be nondirective, as explained above.

Nondirective counseling is appropriate in cases of what is
termed near-viable fetuses,5 i.e. those which are 22–23 weeks
gestational age for which there are anecdotal reports of sur-
vival.27,28 In the present authors’ view, aggressive obstetric and
neonatal management should be regarded as clinical investi-
gation, i.e. a form of medical experimentation, and not stan-
dard of care.27,28 There is no obligation on the part of a
pregnant woman to confer the status of being a patient on a
near-viable fetus, because the efficacy of aggressive obstetric
and neonatal management has yet to be proven.

When to offer, recommend and
perform a Cesarean section
When to offer, recommend and perform Cesarean delivery is
a clinical ethical challenge in the management of a pregnancy
complicated by diabetes. In this section an ethically justified
approach to offering and recommending Cesarean delivery is
provided, based on the ethical principles of beneficence and
respect for autonomy, and the concept of a fiduciary.36 This
approach is designed to prevent confiict between the physician
and the pregnant woman about intrapartum management.

This approach begins by asking: Is Cesarean delivery sub-
stantively supported and vaginal delivery not supported in
beneficence-based clinical judgment? Such cases occur with
diabetic pregnancies based on clinical factors such as estimation

of fetal weight, the maternal pelvis, the degree of control of
diabetes in the pregnancy and previous obstetric history
(these clinical factors are discussed in detail elsewhere in this
book). When evidence or reliable clinical judgment support
the view that the fetus’ interests are best protected by Cesarean
delivery, and there are no maternal contraindications, then
such a delivery should be offered and recommended.

In some clinical circumstances, there is scientific contro-
versy as to whether Cesarean delivery is the better alternative.
Competing well-founded beneficence-based clinical judg-
ments regarding how to balance the fetal benefit of preventing
harm of Cesarean delivery generate these controversies, which
are discussed elsewhere in this book. Whenever there is 
legitimate scientific disagreement about the benefits and risks
of Cesarean versus vaginal delivery, both options should be
offered to the pregnant woman and discussed with her so that
she can exercise her autonomy meaningfully. Such disclosure
empowers the woman to emphasize her own perspective in
balancing maternal and fetal risks. It is appropriate for the
physician to assist the woman’s decision-making about both
options in the form of a recommendation

In clinical circumstances when Cesarean delivery is sub-
stantively supported in beneficence-based clinical judgment
but vaginal delivery is more substantively supported, vaginal
delivery is the better alternative, but not the only one, e.g.
a pregnant diabetic patient whose sugars have been well-
controlled during pregnancy and in whom there is no 
macrosomia. Although Cesarean delivery is supported in
beneficence-based clinical judgment, trial of labor is more
substantively supported, and therefore should be offered and
recommended.

Conclusions
Ethics is an essential dimension of obstetric practice, espe-
cially in the care of pregnant diabetic patients. In this chapter
a framework for obstetric ethics based on ethical principles
and the concept of the fetus as a patient are described. On 
this basis, two dimensions of the care of diabetes in pregnancy
with important clinical dimensions are presented: counsel-
ing about fetal anomalies; when to offer and recommend
Cesarean delivery. The present authors believe that the 
clinical application of ethical concepts will strengthen the
doctor–patient relationship and therefore enhance the quality
of care for pregnant diabetic patients.
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Introduction: The law and medicine
Legal problems relating to diabetic pregnancy may be consid-
ered from three aspects:

1. Legal problems specific to pregnancy in a woman who is
diabetic

2. Legal problems specific to diabetes in a woman who is
pregnant

3. Legal problems specific to diabetic pregnancy

When an obstetrician or diabetologist hears that the law may be
relevant to medicine, immediately he/she will think of medical
malpractice and of litigation for alleged negligence. But the law
applies to medicine in many other ways. Thus, when consider-
ing the legal aspects of diabetic pregnancy, one must look not
only at matters arising under civil law, but also those arising
under criminal law, administrative law and forensic medicine.

Few obstetricians or diabetologists are trained in medical
law, and so concepts that are considered mainstream in law may
appear utterly alien to them. A few of these concepts will be
explained very briefly here because unless they are understood
then the law set out relating to diabetic pregnancy may not be
fully understood. For doctors, difficulties often arise with the
following legal concepts: the doctrine of precedent, standard of
proof, case and statute law, and law in different jurisdictions.

Doctrine of legal precedent
When considering the law relating to any field of medicine, it 
is essential to recognize that the doctrine of binding precedent
is of prime importance in the common-law environment that
covers most of the English-speaking world. Briefly, the doctrine
of binding precedent states that whenever: (1) a legal case is
being tried and (2) a higher court (i.e. an appellate court) has
already decided a case that is similar to the present case, then the
lower court must follow (i.e. uphold) the previous decision 
of the higher court. By extension, a court should usually follow
the decisions of courts of equal standing within the same juris-
diction. They may even follow decisions made by courts in 
foreign jurisdictions if they find their decisions helpful.

Sometimes the previous decision of relevance may have
been made many decades or even centuries previously.

For example, whenever English courts consider the question
of consent to surgery, even today, they will frequently cite a
New York court’s decision made in 1914.1

It is also important to recognize that, in the common-law
environment, court decisions that are made in one field of
human activity may be readily applicable to other fields. For
example, a decision made regarding the liability of an engineer
may be highly relevant in deciding a case involving the liabil-
ity of an architect or a medical doctor. Similarly, a decision
made on a case involving only the single disease of hyperten-
sion may be relevant to a case involving only diabetes.

It follows from this that when an individual obstetrician or
diabetologist discusses a medical case with his/her lawyer, the
lawyer has no professional choice other than to accept and
follow previous rulings of courts in the same jurisdiction,
unless he/she can somehow distinguish the instant case from
a related case that the court has already decided.

Standard of proof
In medicine, the level of proof is expected to be c. 95–99%
before stating belief in a proposition. This high level of proof,
i.e. that one is sure beyond reasonable doubt, is almost identi-
cal to the level which the court uses to decide criminal matters
that are in dispute.

However, in legal disputes on civil matters, the court
requires a level of proof of only 51%. In other words, the court
will make its decision on the balance of probability, i.e. when
it believes that the proposition in dispute is more likely than
not. In medical negligence cases, only this lower level of proof
is needed for a decision to be made.

This distinction between making medical decisions or legal
decisions is most important.

Case law
From the above, it follows that, in deciding legal cases that
arise under point (1) (i.e. problems specific to pregnancy),
then previously decided cases relating to any pregnancy, even
in nondiabetics, may be highly relevant. Similarly, in deciding
cases that arise under point (2) (i.e. problems specific to 
diabetes), previously decided cases relating to diabetes, even if
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the diabetic is a man, may be highly relevant. In deciding cases
under points (1)–(3), even cases from quite different fields 
of human activity may be relevant. Thus, in any given jurisdic-
tion in the common-law world, there is a very wide range 
of case law that may be relevant when considering diabetic 
pregnancies.

In the common-law jurisdictions there have been many
cases litigated that refer to diabetic pregnancy,2 but in this
chapter only the briefest details of just a few of them can be
given. For a fuller understanding of each case, and of the
rationale for each individual decision that was made, clearly it
will be necessary to read the full text of the decision that was
handed down by the court – nowadays, such full texts are
often available on the World Wide Web.

Statute law
As with case law, in any given jurisdiction there is a consider-
able amount of statute law that may be relevant when consid-
ering diabetic pregnancies.

The law in different jurisdictions
The law relating to health care, and so the law relating to dia-
betic pregnancy, will differ from one jurisdiction to another.
Within the United States the 56 (sic) separate jurisdictions
have a different body of law, one from another. Even within
the British Isles, the four separate jurisdictions each have a dif-
ferent body (and system) of law.

Covering all aspects of the law that relate to diabetic preg-
nancy in all jurisdictions is beyond the scope of this chapter.
Instead, a limited series of topics from different jurisdictions
will be considered to illustrate the diversity of the law that may
apply to diabetic pregnancy.

Antenatal care
Menopause or pregnancy?
A 47-year-old insulin-dependent diabetic mentioned to her
doctor that she had missed her last period and was having hot
flushes. He offered no advice on this, nor did he take any
action. When he saw her on later occasions, he did not ask
about her periods. Subsequently, and unexpectedly, she deliv-
ered a 28-week stillborn fetus. She had not realized that she
was pregnant. She took legal action against her doctor and
claimed for wrongful death of her fetus, who might have sur-
vived with better medical care. She also sought damages for
‘physical pain, mental anguish, medical expenses, and lost
wages’. Even though the Virginia court3 held (on appeal) that
no cause of action lies for the wrongful death of a stillborn
child, as it is part of its mother until birth, nevertheless it
awarded damages to the mother for her emotional distress.

Fetal macrosomia
In 1988, the Supreme Court of Alabama tried a case4 in which
a diabetic mother who weighed 143 kg delivered a fetus of

5.2 kg. There was shoulder dystocia and the child suffered
Erb’s palsy. Expert evidence was given relating to two schools
of thought on whether a Cesarean section should have been
performed. Although the court acknowledged the two schools,
it gave greater weight to the breach of a guideline previously
issued by the American College of Obstetricians and
Gynecologists, which said that there should be an elective
Cesarean section when a fetus is believed to weigh >4 kg par-
ticularly in a diabetic pregnancy. The court therefore ruled
that it was open to the jury to find the obstetrician negligent,
despite the two schools of thought.

Other cases where there was fetal macrosomia will be
referred to below.

Screening for diabetes in pregnancy
In 1994, a court in Alberta tried a 1988 case5 in which a macro-
somic baby suffered Erb’s palsy after shoulder dystocia.
During pregnancy the family doctor had failed to implement
the universal screening policy for gestational diabetes that had
been recommended by the Alberta Medical Association and
the Society of Obstetricians of Canada. He also overlooked
maternal glycosuria and significant maternal weight gain.
He then failed to recognize fetal macrosomia on manual pal-
pation and failed to request an ultrasound scan. The court
found that his care was negligent in that he failed to follow
guideline recommendations and that he failed to recognize
clinical signs.

This Canadian case contrasts with a similar English case
decided shortly afterwards. In 1998 the English Court of
Appeal decided a 1990 case6 relating to the screening for dia-
betes in pregnancy. At 30 weeks gestation a woman exhibited
glycosuria ++. Her family doctor carried out a random blood
glucose test, which was normal at 4.6 mmol/L. [A glucose tol-
erance test (GTT) at 30 weeks in her previous pregnancy had
also been normal.] Nevertheless, the family doctor referred
her to an obstetrician, at a hospital whose policy was to screen
selectively rather than universally. The obstetrician saw her at
34 weeks, on which occasion she exhibited no glycosuria. She
was considered to be at a low risk of diabetes and was told that
no GTT was needed. This followed the screening policy set out
in the leading English obstetrical textbook of the time
(Dewhurst’s Obstetrics).7 The baby delivered at 39 weeks and
weighed 5.8 kg. There was insuperable shoulder dystocia and
so an emergency Cesarean section had to be carried out. The
baby suffered both hypoxic damage to his brain (cerebral
palsy) and traction damage to his brachial plexus (Erb’s palsy).
A claim for clinical negligence was made on the grounds that:
(1) a GTT should have been organized at 34 weeks; (2) this
would have revealed gestational diabetes; (3) she would then
have been delivered by Cesarean section; and (4) the baby
would have had no serious injury.

The case was first heard in the High Court, but then it went
to appeal. The Court of Appeal held that the obstetrician was
entitled to be reassured by the random blood glucose at 
30 weeks, i.e. the single episode of glycosuria did not put her
in a high-risk group that needed a GTT. When she saw her at
34 weeks there was now no glycosuria and so there was no
reason for a GTT. The claim for negligence (along the lines

416 Legal aspects of diabetic pregnancy

9780415426206-Ch55  11/29/07  4:54 PM  Page 416



that had been argued) was therefore dismissed, on the
grounds that it was both reasonable and not negligent to
decide not to carry out a GTT.

These two cases illustrate the fact that different courts in
different jurisdictions, when trying similar cases relating to
the screening for, and the management of, diabetic pregnancy,
may arrive at decisions that on the face of it seem contradic-
tory. Such a situation is by no means unusual in comparative
international law.

In English law, the importance of this case is that the Court
of Appeal has recognized that universal screening for gesta-
tional diabetes is not a legal requirement and that selective
screening is sufficient. Furthermore, it accepts that a policy of
selective screening may fail to recognize complicated cases.
American readers will note that the American Diabetic
Association has only recently moved away from recommend-
ing universal screening for gestational diabetes and now rec-
ommends selective screening.8

Hypoglycemic attacks
In pregnancy, diabetic women become more liable to hypo-
glycemic attacks than before pregnancy. If they are under
tighter glycemic control than before pregnancy, then they may
even become less aware of their hypoglycemic attacks than
they were previously. It may therefore be thought reasonable
to discriminate against such women in terms of the activities
in which they are allowed to participate. However, an English
court has recently ruled as illegal, under the Disability
Discrimination Act 1995, a high school’s attempt to ban a dia-
betic student from a watersports holiday in France, on the
grounds that there had been hypoglycemic attacks when the
student was on an earlier skiing trip.9

In England, if a pregnant woman commits a crime when
she is hypoglycemic, this fact may provide a valid and suffi-
cient defence in law, although not for all offences (see later). In
the case of R v. Padmore,10 a diabetic committed the crime of
homicide when in a state of hypoglycemic automatism. The
jury cleared him on the grounds that he was unaware of his
condition and therefore had no control over his actions.

Dietary control
In gestational diabetes, there is no unambiguous scientific lit-
erature to demonstrate that good dietary control, or a special
diet, will result in the birth of a smaller infant. Nevertheless,
legal cases are often argued on the basis that better diabetic
control would have resulted in a smaller baby and in fewer
problems at the time of delivery.

One such case was heard in Ontario in 1982.11 The mother
claimed that her doctor’s failure to test for, and to diagnose,
gestational diabetes led to birth injuries. She had had three
vaginal deliveries. Her first child weighed 3.65 kg, and he did
well. Her second child weighed 4.4 kg; his delivery was com-
plicated by shoulder dystocia, and he suffered numerous
bruises and a fractured clavicle. She requested a Cesarean sec-
tion for the delivery of her third child, but she was told that
this was not necessary, and so again she delivered vaginally.
This third child weighed 5.26 kg. His delivery was complicated

by shoulder dystocia, and he suffered brachial plexus palsy and
a skull fracture.

The mother brought a legal action, on the grounds that she
should have been tested for gestational diabetes and a special
diet should have been started in order to minimize the risk of
fetal macrosomia.

The court held that the diagnosis of gestational diabetes
had never been established during her pregnancy and that it
could not be determined retrospectively. Moreover, even if she
did have gestational diabetes, there was no convincing evi-
dence that dietary management or insulin would have affected
the size of the baby. The expert medical evidence in this case
was contradictory, but the judge said that:

The evidence of Dr Allen [the defence expert] is preferable
because his opinion was carefully documented by an
assessment of forty studies done by learned researchers.
There is no strong body of medical opinion to support the
proposition that controlled diet of the mother would have
produced a smaller baby.

The case was dismissed.
Although this case was heard in 1982, many would argue

that scientific evidence on the benefits of dietary control in
gestational diabetes has changed little since then.

Bank robbery
A bank teller who was 28 weeks pregnant came face to face
with an armed robber. He pointed a sawn-off shotgun at her
and demanded money. She was terrified and feared for her life.
Eventually, the robber was arrested and convicted. Later in the
pregnancy the woman went on to develop gestational dia-
betes. She also developed depression and a profound fear of
returning to the work at the counter, and needed psychologi-
cal counseling. She claimed that stress from the robbery had
caused her gestational diabetes and that this increased her
chance of developing diabetes in later life. At trial, the court
took her allegations into account, and so it enhanced the
severity of the custodial sentence that was passed.12

Labor and delivery
Amniocentesis and delivery
Until recently, it was common to plan the timing of delivery
on the basis of testing the amniotic fluid for evidence of fetal
lung maturity. In a diabetic pregnancy in South Carolina, the
expected date of delivery was only 4 days away. The mother
noticed a reduction in fetal movements. A fetal heart rate
recording was made, which suggested an active and healthy
fetus. Nevertheless, the obstetrician decided upon an amnio-
centesis with a view to delivery. She admitted that several
times during the procedure she stuck the fetus with the
amniocentesis needle. Blood was aspirated but no amniotic
fluid was obtained. At birth the child had puncture sites on the
left and right sides of his face. Right-sided facial paralysis was
immediately apparent. As he has grown, his facial appearance
has become distorted and his speech is impaired. He cannot
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close his right eye, and has had several operations on it.
His right visual field is restricted. When the case came to trial,
evidence was presented of an emotional impact, and of an
increased risk of depression and of suicide as he grows older.13

Dead or alive?
In New Jersey, an insulin-dependent diabetic became pregnant
for the third time. During the pregnancy her diabetes proved
difficult to control. At 26 weeks gestation she developed both
ketoacidosis and intermittent contractions. She was admitted to
hospital but no fetal heart beat could be detected. Fetal death
was diagnosed, and the patient and her husband were told the
sad news. Labor started spontaneously and so no attempt was
made to prevent delivery. Intermittent auscultation during the
labor failed to reveal a fetal heart beat: no more accurate a
method of detection of fetal heart beat was used. Eventually the
baby delivered by the breech, with no one assisting in the birth.
Quickly, the baby was taken away and placed in another room.
There it became apparent that the baby was in fact alive and
pink. He gasped for air and a heart beat was detected. He was
rushed to the intensive care nursery. A nurse met the husband
on the corridor. She told him the baby was alive, but would soon
die, and so it would be best if he did not tell his wife that the
baby was still alive. Eventually, a pediatrician arrived and he told
everyone that the baby was still alive.

Unfortunately, the baby died 10 days later. With a better qual-
ity of medical care, the child may have survived and been born
healthy. Not surprisingly, a successful legal action followed,
brought on behalf of the parents and the (estate of the) child.14

Stillbirth
In obstetrical cases, it is unusual for three of the four principal
actors to die before a legal action comes to trial. But fetus,
father, and obstetrician all died in a recent (2002) Ontario
case; only the mother survived.15

She had a stillbirth at 33 weeks gestation. The fetus was
normal in weight and in structure. Autopsy failed to reveal a
cause of death. Gestational diabetes was never proven med-
ically in this case, but its possibility was contended in argu-
ment, and the case revolved around this point. The mother
and her partner (who died during the case) brought a legal
action on the grounds that the obstetrician (who died a year
after the stillbirth) had been negligent in his care. At trial
(where the obstetrician’s estate and the hospital were co-
defendants), the issues in dispute were as follows: (1) gesta-
tional diabetes should have been diagnosed; (2) it had not
been treated appropriately; (3) it contributed to the stillbirth;
and (4) appropriate treatment would have avoided stillbirth.

The expert evidence given to the judge by eminent physi-
cians was contradictory. It well illustrated the considerable
confusion and disagreement that abound in the literature con-
cerning screening, diagnosis, and management of gestational
diabetes.

After hearing the evidence, the judge decided that on the
balance of probabilities: (1) the mother did not have gesta-
tional diabetes; (2) even if she did have it, then it did not con-
tribute to the stillbirth; (3) even if she did have it, and even if

it did contribute to the stillbirth, appropriate treatment of the
gestational diabetes would not have prevented the stillbirth;
and (4) she was treated appropriately. The case was therefore
dismissed.

However, it illustrates the complexity of medical issues
where a judge sitting alone may be required to reach a decision
that is potentially worth many millions of dollars. It also
demonstrates how an obstetrician may be sued even when
he/she is in his/her grave, on grounds that might seem implau-
sible, as gestational diabetes was never diagnosed.

The baby
Congenital disability
In British Columbia, a mother developed gestational diabetes
during her pregnancy, but this was not diagnosed until late.
She developed polyhydramnios. Eventually, labor was
induced, but it was prolonged and so a Cesarean section was
performed. The child was born with numerous defects (these
were not specified in the judgment).

The mother started a legal action. She alleged poor medical
care, both during the antenatal period and in labor, and so she
claimed damages. Her claim on behalf of the child was dis-
missed because there was no causative link between the stan-
dard of care and the child’s congenital abnormalities. Only
part of the mother’s claim for damages was upheld: that for
pain and suffering. However, the court held that there was no
basis in tort law for her claim of emotional distress for the
delivery of a disabled child.16 Furthermore, it would be wrong
in principle to award the mother compensation for lost earn-
ings for devoting herself to the care of her disabled child.

Respiratory distress syndrome
In a South Carolina case from 2000,17 a woman in her third
pregnancy developed gestational diabetes for the first time.
Her obstetrician consulted with a diabetologist and her condi-
tion was managed by diet alone. Her due date of delivery was
known. However, at 36 weeks of gestation the obstetrician
attempted an amniocentesis under ultrasound control in
order to determine fetal lung maturity. The attempt failed
owing to the position of the placenta. However, he told her
that the baby was ‘big enough’ and he delivered her by
Cesarean section the next day: the birthweight was 3.75 kg.
The parents recollect that the obstetrician was ‘enormously
happy’ during the Cesarean operation, but the baby developed
respiratory distress syndrome and was admitted to the neona-
tal intensive care. In the longer term he went on to have
breathing difficulties.

The parents started a legal action against the obstetrician.
They alleged that he was negligent in delivering the baby 4
weeks early without medical justification and in violation of
accepted medical standards. They also asserted that the doctor
was

addicted to the use of drugs and narcotics to the extent that
he was not mentally, emotionally or physically able to have
provided competent medical care and attention.
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They had discovered that the doctor had been treated for alco-
hol dependency and that he had returned for inpatient treat-
ment <1 month after the Cesarean section: a few days later his
partners ousted him from the partnership. At trial the parents
asked the court to order release of the doctor’s alcohol treat-
ment records, but their motion was refused because it would
violate federal and state confidentiality statutes. However, the
court rejected the doctor’s motion that all reference to his
alcohol addiction should be excluded as this could not estab-
lish his alcohol status at the time in question and it would only
serve to prejudice him in the eyes of the jury. The court took
the view that ‘the probative value is not substantially out-
weighed by any prejudicial effect’.

Forensic matters
Detainees
Occasionally, a diabetic pregnant woman may be held in cus-
tody, either in jail, or in police detention pending investiga-
tions or awaiting trial. Under Britain’s Police and Criminal
Evidence Act 1984 (PACE), a forensic medical examiner must
be called to attend each prisoner who is taking medication for
a chronic illness, such as diabetes, and so he/she must there-
fore be called to attend any diabetic pregnant prisoner. He/she
must take an appropriate medical and social history, paying
particular attention to whether other drugs (prescribed or
not) have been taken recently. Then he/she will carry out an
appropriate general and antenatal examination. He/she must
then check the patient’s blood glucose level at least once
during a brief period of custody. Following this, he/she must
(at least) discuss the case with a specialist in the management
of diabetic pregnancy. If the patient is to remain in brief cus-
tody, it is important for him/her to ensure that an appropriate
regime of feeding and insulin therapy is in place. However, a
diabetic pregnant woman destined for a longer episode of cus-
tody will need personal attention and careful ongoing man-
agement by a specialist.

In any episode of custody, if a pregnant diabetic becomes
unstable, with either hypoglycemia or hyperglycemia, she
must be transferred immediately to hospital for appropriate
assessment and stabilization. (Clearly, hypoglycemia should
be managed by giving glucose or sugar before transfer, if this
is possible.) After she has been stabilized in hospital, a decision
can then be taken as to when, or whether, she may safely be
returned to custody. Clearly, the prison cell is not the safest of
places to manage a diabetic pregnancy.

It is important to remember that a pregnant woman will be
unfit for interview by the police if her diabetes is in any way
unstable at the time of the proposed interview. If an interview
takes place when she is (or should be) considered as medically
unfit, then any information or confession she gives will be
considered unreliable, and so the circumstances of the inter-
view may provide legal grounds for appeal.

Post-mortem examination
Occasionally, a diabetic pregnant woman may die unexpect-
edly, e.g. in a road traffic accident or suddenly whilst alone.

Hypoglycemia may be the root cause of death. However, at
autopsy it is generally not possible to make a firm diagnosis of
either hypoglycemia or hyperglycemia. The pathologist will
therefore need to take circumstantial evidence into account in
determining whether unstable diabetes has played a part in the
death.

Administrative and related issues
Public assistance grants
The US Federal Aid for Families with Dependent Children
(AFDC) programme is a cash-assistance programme designed
to provide ongoing aid to poor families where at least one
minor child has been deprived of parental support by reason
(inter alia) of a parent’s physical incapacity. A number of dis-
advantaged people started a class action against the Mayor of
New York (et al.) in regard to alleged misadministration of
AFDC.

One of them was a 30-year-old woman who had developed
gestational diabetes. She needed a 2200 calorie-a-day diet,
which she could not afford without the monthly special-needs
grant of $50 that should have been made available to her. She
had first requested the grant when she was at 13 weeks gesta-
tion, but she did not receive it until 36 weeks. Although her
money was then paid retrospectively, she claimed that she had
suffered irreparable injury to herself and her child through
deprivation of funds necessary to buy medically required
nutrition during a substantial part of her pregnancy.

The District Court agreed to her claim and it certified her
as a member of the class action.18 It also granted (to all the
class members) the preliminary injunction that they had
requested against the Mayor of New York, relating to the
future administration of AFDC.

Employment
Sometimes employers are not sympathetic to women’s
requests for time off work to attend medical appointments
relating to pregnancy. This problem may be worse for preg-
nant diabetics, as they need more frequent appointments than
most women.

There have been many cases where legal action has been
taken against an employer, with allegations of discrimination,
but the claimants rarely win. The reason for this may be that
most cases turn on the intent of one party or the other, and
this is difficult to prove after the event, particularly as there is
usually no direct evidence of discriminatory intent on the part
of the employer. Sometimes claims are brought under the
Americans with Disabilities Act. However, temporary, non-
chronic impairments of short duration, with little or no long-
term impact, are not usually considered in law as disabilities.19

Driving
Most countries impose driving regulations on diabetics.
Under British regulations, diabetics on treatment with insulin
(including gestational diabetics on insulin) are barred from
driving heavy goods vehicles and public services vehicles, no
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matter how good their diabetic control.20 However, they may
drive private cars, provided that they can recognize the symp-
toms of hypoglycemia. If they cannot recognize hypoglycemia,
then they must stop driving. Diabetics on long-term insulin
must also meet required visual standards. For those taking
insulin, any licence to drive will be limited to 1, 2 or 3 years.
Gestational diabetics who are not taking insulin have no driv-
ing restrictions. However, if they start insulin therapy in preg-
nancy, then they must report this fact to the Driver and Vehicle
Licensing Authority in Swansea if they wish to continue 
driving.

Insulin-dependent diabetics who become pregnant often
find that their diabetes becomes more difficult to control.
Hypoglycemic attacks become more frequent and are more
difficult to recognize. Clearly, this presents a danger in terms
of driving a car.

In an English case,21 an insulin-dependent diabetic became
pregnant. Her diabetic control had been good but it deterio-
rated in pregnancy, although she had taken specialist advice
about this. One day she drove her car at high speed round a
bend, on the wrong side of the road, where she collided with a
tractor. She was charged with dangerous driving. Although she
pleaded guilty, she claimed that she was unexpectedly hypo-
glycemic at the time of the accident and so had committed the
offence through no fault of her own. The magistrates rejected
her claim. They fined her, and they disqualified her from driv-
ing for 12 months and until she had passed an extended driv-
ing test. She appealed on the grounds that her diabetes
provided a special reason entitling the court not to impose a
mandatory disqualification for the minimum period under
s34 (1) of the Road Traffic Offenders Act (RTA) 1988. At
appeal, the court recognized that she was not personally cul-
pable for her offence. Nevertheless, it held that the test to
establish the offence of dangerous driving is an objective test,
in that the offence lies in the mode of driving, whatever the
reason for it. In her case, her temporary condition (of hypo-
glycemia) was special to her personally and it formed no part
of the content of the offence. Thus, these circumstances did
not amount to a special reason to avoid an automatic penalty
of disqualification, as laid down in s34 of RTA 1988. Her
appeal against disqualification was therefore dismissed.
Although this decision may seem unfair to the woman, there
are clear grounds of public policy as to why she should be dis-
qualified, i.e. the protection of the public and of herself.

Note how the legal consideration of hypoglycemia in this
driving case contrasts with that in the case of that of R v.
Padmore10 mentioned above. In R v. Padmore the initial charge
of murder was dismissed, as a conviction for murder requires
proof of intention to kill and this was not present during that
episode of hypoglycemia. By contrast, a conviction for danger-
ous driving does not require any specific intention to drive
dangerously.

Certification of diabetics
In England, diabetics who wish to drive must ask their doctor
to complete a certificate to confirm that they have not had evi-
dence of blackouts or loss of consciousness within the past 5
years, and have not had any significant episodes of hypo-

glycemia. The present author has recently been involved in
one such case. A family doctor had signed this certificate for a
diabetic patient, but he signed negative answers to these two
questions. He failed to mention that 5 years previously the
patient had caused a motoring accident in which a heavy truck
was driven through the central reservation of a major motor-
way, and that the episode was attributed to hypoglycemia.
Thus, the doctor had signed false entries on the driving licence
application, which misled the Driving and Vehicle Licensing
Authority into issuing another heavy goods vehicle licence. A
few months later the driver had a more serious trucking acci-
dent in which three people were killed: two adults and one
child. Again, this accident was attributed to hypoglycemia. On
this occasion the driver was imprisoned for causing death by
dangerous driving.

The family doctor was called before the Professional
Conduct Committee of the General Medical Council to face
charges that included making false and misleading entries on
a patient’s driving licence application form. He was found
guilty of serious professional misconduct and the General
Medical Council reprimanded him.22

The cost of diabetes care
Looking after diabetic women in pregnancy is expensive and
so those who are ineligible for care provided by the state or by
their insurance may be tempted to run their pregnancies with-
out appropriate diabetic care. Sometimes insurers will deny
funding to their insurees. But this will bring increased mor-
bidity for mother and fetus.

For these reasons, and for longer term reasons of cost
reduction, most American states have now enacted measures
to require comprehensive insurance reimbursement for dia-
betes care, e.g. Massachusetts has its Diabetes Cost Reduction
Act 2000.

The Americans with Disability Act may also be invoked in
such cases. Under the Americans with Disabilities Act, in 2000
a Maine court awarded $60,000 in both compensatory and
discriminatorial damages against a health maintenance organ-
ization HMO that had refused to fund a sign-language inter-
preter for the antenatal visits of a pregnant diabetic who was
deaf, and whose husband was deaf too.23 The couple were
unable fully to communicate with their physician about
dietary concerns or about complications that arose in the
pregnancy.

Examination fraud
Two lawyers were married. She was an insulin-dependent dia-
betic; he had a history of professional setbacks, including loss
of employment and bar exam failures in both Texas and
California. She then became pregnant: he reacted with violent
rage and depression, and the marriage deteriorated. Her dia-
betic pregnancy suffered a series of complications. In an
attempt to save her own health, the marriage and also the
future for their unborn baby, she agreed to her husband’s
request that she should take the state bar examination in his
place. She did so, and she obtained the ninth highest mark in
the state. She then went on to deliver a healthy child. However,
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the examination fraud was later discovered, and they were
both prosecuted and disbarred.24 They lost their jobs and now
they are now divorced.

Excuse for non-performance
A diabetic solicitor was pregnant, but she continued in her law
practice throughout the pregnancy, which ended in a Cesarean
section. In the final few days of her pregnancy, when she was
preparing for her imminent delivery, she missed an important
court deadline for submission of certain papers relating to the
case of a client. The court therefore struck out her client’s case.
She did not become aware of this problem until a few days
after delivery. She therefore apologized to the court and to her
client, and she made an application to court for a reversal of
its decision, on the grounds that she was unable to conduct
her affairs properly under the circumstances of her health. The
court rejected her submission on the grounds that she knew
she was to deliver soon and should have submitted the papers
earlier, or made alternative arrangements by handing the case
over to a colleague.25 Her client’s case therefore remained
struck out.

Related medical matters
Involvement of other specialists in the care
Nowadays, reputable doctors would agree that diabetic preg-
nancy must be managed by an obstetrician with significant
experience of such cases, but it has not always been so. In an
Ontario case from 1982,26 a pregnant woman at 37 weeks ges-
tation was found to have glucose and ketones in her urine. Her
family doctor admitted her to hospital for investigation of sus-
pected diabetes. This diagnosis was confirmed the following
day, but she was not referred to a diabetologist or an obstetri-
cian, and no special treatment was started. Instead, she was
allowed home. A few days later she went into diabetic ketoaci-
dosis and fetal death occurred: her stillborn child was deliv-
ered 2 days later. She brought a legal action. The court held
that the family doctor’s failure to start insulin therapy on the
evening she was first admitted to hospital was ‘merely error in
judgement’. However, the doctor’s failure to act positively once
the diagnosis of diabetes was confirmed constituted profes-
sional negligence, as also did his decision to discharge her
from hospital at a time when her diabetes was not under con-
trol. The court held that damages could not be awarded for
loss of the fetus or grief. However, it did award general dam-
ages to the mother for her physical pain and suffering.

By contrast, another pregnant diabetic (who also had
epilepsy) sued her obstetrician because he did refer her on to
another specialist for ongoing care. Her obstetrician had
looked after her in two previous pregnancies, but early in her
third pregnancy he discovered that she was HIV positive and
so he referred to another hospital for care. She took legal
action against him on the grounds that he had denied her
treatment solely because she was HIV positive, in violation of
various disability discrimination laws. In his defence, the
obstetrician explained to the court that he had never used
AZT, which is recommended for such patients, and that this is

why he referred her to another hospital. The court accepted
his explanation, and the case was dismissed.27

In a Californian case from 1992,28 Dr Klvana (a licensed
doctor who practised obstetrics) was convicted of: nine counts
of second degree murder, five counts of aiding and abetting
the practice of medicine without a licence, one count of con-
spiracy to practise medicine without a licence, 19 counts of
preparing a fraudulent insurance claim, 10 counts of present-
ing a false insurance claim, two counts of grand theft, and two
counts of perjury. One of these cases involved a diabetic preg-
nancy. The patient concerned was an insulin-dependent dia-
betic, and he saw her throughout the pregnancy. At 30 weeks
gestation she found glucose in her urine and so she consulted
a diabetologist. He advised her that her diabetes was out 
of control and so he increased her insulin dosage. She told 
Dr Klvana about this consultation and about the increase of
insulin dosage. At 34 weeks she experienced uterine contrac-
tions. Dr Klvana examined her in his office (i.e. not at the hos-
pital) and he found that her cervix was already 3 cm dilated.
He told her she would deliver that afternoon. Later he found
that her cervix was 5 cm dilated and so he ruptured the mem-
branes. At his next examination he found the cervix to be 9 cm
dilated; she had not yet been transferred to hospital. Soon, the
premature infant was delivered in the office. The baby was
bluish purple in color and wheezing, and he would not cry.
Dr Klvana advised the mother that the baby would be all right
within 24 h. He sent them both home, with instructions for
her to give the baby sugar water, and to return within 1–2 days.
He did not consult or refer to a pediatrician. The mother went
home and slept, but when she awoke her baby was dead. At
autopsy the baby’s cause of death was given as perinatal com-
plications associated with a diabetic mother and prematurity.

The case came to trial. At trial, the following further facts
emerged:

Klvana visited [the patient] later that morning. He told her
that the police would accuse them both of killing the baby
if she told them that she had planned a hospital delivery
but did not know the name of the hospital. Klvana indi-
cated that he would insert the name of a hospital in her
medical records. Klvana stated that the baby would have
died anyway even if hospitalized immediately.

Mental illness
Sometimes a diabetic woman may be mentally ill. She may
then become pregnant. If so, she may not receive the care nec-
essary for her health and safety, nor for that of her fetus. In
Oregon, a 25-year-old woman of 32 weeks gestation had a
schizoaffective disorder and severe social problems.
Management of her diabetic pregnancy proved problematic,
as she was a regular defaulter from health care. An application
to commit her to the care of the Mental Health Division was
made, but she opposed it. At the civil commitment hearing, no
expert testimony was presented on the dangers generally
posed by diabetes in pregnancy, nor about the specific risks to
the patient or her fetus. Moreover, her attorney argued that
she was not a danger to herself or others. The commitment
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hearing agreed that she was not a danger to herself, but it con-
sidered that her mental illness (through her diabetes being
incorrectly managed) presented a danger to the fetus, and so a
committal order was made. She appealed the decision.
Although the Court of Appeals heard general evidence about
diabetes and pregnancy, it did not hear any evidence relating
to the patient’s specific circumstances, which would have
needed expert medical testimony. The court therefore reversed
the committal order, on the ground that insufficient evidence
had been presented to prove that her diabetes presented a spe-
cific threat to herself and her fetus.29

This case illustrates the importance of thorough prepara-
tion before a medical case is taken to court, as otherwise a
decision that is medically undesirable, even though legally
sound, may be handed down.

Consent to sterilization
In Colorado in 1976, a schizophrenic woman had badly con-
trolled diabetes and she defaulted from care. Her mother
wanted this diabetic daughter to be sterilized, on the grounds
that any future pregnancy would be dangerous to both mother
and baby. Moreover, the daughter had already had a preterm
delivery at 34 weeks gestation. The mother argued that her
daughter did not have the capacity to understand the risks of
pregnancy in the face of unstable diabetes and she had a his-
tory of preterm delivery. However, the daughter refused to be
sterilized and so the matter was taken to court. The Supreme
Court ruled in favor of the mentally ill daughter, on the basis
that the legal case turned on her understanding of the concept
of sterilization, and not on her understanding of the risks of
diabetic pregnancy and preterm delivery.30 Thus, the mentally
ill daughter could not be sterilized unless she herself con-
sented to surgery.

Congenital abnormality following failed sterilization
It is well known that cardiac defects are more common in 
children born of diabetic mothers. A Missouri case involved a
woman who had a previous history of difficult pregnancy
complicated by gestational diabetes. Her husband had a 
vasectomy and this was followed by negative semen analysis.
But she fell pregnant again, this time with twins. A repeat
semen analysis was positive, and so the vasectomy had failed.
Eventually the babies delivered, but one had a severely 
defective heart condition. Despite multiple operations and 
a prolonged period of hospitalization, he died at 7 months 
of age.

A legal action followed, on the grounds that the vasectomy
must have been performed incorrectly. At that time in
Missouri, claims for damages arising from birth defects were
not in themselves actionable. Nevertheless, the claim was for
medical expenses associated with the birth defects, lost
income and emotional distress.

The Court of Appeals31 held that, as a matter of law, a neg-
ligent vasectomy alone will not normally be the cause of a
child’s birth defects; it is too far removed from the damage and
it is not the cause of the damage. Furthermore, it follows that
negligent performance of a vasectomy was not the proximate

cause of the medical expense resulting from the child’s birth
defects. Thus, the claim for damages was dismissed.

Involuntary participation in research
In 1976 an insulin-dependent diabetic was delivered by
Cesarean section at the Boston Hospital for Women. She
became infected afterwards and then she became sterile. Later
she discovered that her obstetrician had curetted her uterus
after the operation. She claimed that she was thus unknow-
ingly the subject of an experiment, in that her obstetrician
wanted to obtain tissue for a research study on maternal infant
health problems in diabetic pregnancy, which was being
funded at the hospital by the National Institute for
Neurological Disease and Blindness.

The obstetrician denied this. He claimed that performing
curettage was part of his standard treatment of diabetic
women in childbirth, so that he could study the uterine
decidua to determine the effect of diabetes on the vascular
system, and to determine if future pregnancies were desirable.

She brought a legal action against the hospital. However,
the court determined that the hospital could not be held
liable, as she was the obstetrician’s private patient.32

Expert witnesses
A diabetic woman from Michigan died in early pregnancy due
to the complications of undiagnosed diabetes (these were not
detailed in the judgment). The (husband and estate of the)
plaintiff took legal action and they brought a claim against the
specialist in internal medicine who had last treated her. They
also put forward supportive evidence from a doctor whose
principal work was that of a pathologist and a coroner.
However, under cross-examination he had to acknowledge
that he only practised internal medicine on a limited ‘moon-
light basis’. Following a review by the Court of Appeals,32 his
evidence was not admitted, on the grounds that he was not an
appropriate expert to comment on the actions of a specialist
in internal medicine. The case was therefore dismissed.

This case illustrates that if the management of a medical
case is to be criticized, this can only reasonably be done by a
doctor who is expert in the relevant area of medicine.

Conclusions
From the legal point of view, the topic of diabetic pregnancy
is a very wide one. But most legal issues or disputes that 
arise in relation to diabetic pregnancy will already have arisen
in health fields outside of diabetic pregnancy, or even in 
fields well outside of medicine, and a court will take such
external references into account. Very few cases will arise in
diabetic pregnancies that have not already been addressed pre-
viously, at least in a related fashion, by one jurisdiction or
another.

Finally, it is important to remember that, just like medi-
cine, the field of medical law is changing continuously and
more rapidly than hitherto. What a court may have decided
last year may not be valid next year, if the law or our medical

422 Legal aspects of diabetic pregnancy

9780415426206-Ch55  11/29/07  4:54 PM  Page 422



understanding changes in the interim. An example here lies in
the American Diabetic Association’s recent change in the
guidelines relating to universal or selective screening for gesta-
tional diabetes.8

These are but two of the reasons why it is so important in
the field of legal medicine to keep up to date, not only with
changes in medical understanding but also with changes in
medical law, both locally and in other jurisdictions.
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Introduction
All complications of pregnancy in diabetic patients are
directly or indirectly related to the degree of metabolic con-
trol, as many of these affect the course of gestation, as embry-
onic or fetal lesions. This is as true for pre-gestational
diabetics, insulin-dependent or not, as it is for gestational dia-
betics. The only way to reduce complications to a minimum,
to be close to the numbers encountered in a normal popula-
tion, is for a pregnant woman to achieve a blood glucose level
as near as possible to normoglycemia. To achieve this objective
requires a major effort, not only on the part of the therapeu-
tic team, but on the patient herself.

Maybe more than in any other illness, during pregnancy it
is true to say that treatment is only possible with the patient’s
direct and active participation. To treat her, she is not only
prescribed a certain medication that she should take several
times a day, but she is also asked to change her habits, and
from the first visit until childbirth the rhythm of her life and
habits revolve around metabolic control. The patient’s partic-
ipation is indispensable, and is only obtained when, firstly, she
understands what is requested and why; and, secondly, when
she has the necessary knowledge, which she must continu-
ously acquire, so that her effort is effective and results in com-
pletion of gestation.

Transmitting sufficient motivation, knowledge and skills to
the patient is called diabetologic education. This is a corner-
stone in the management of patients with diabetes because
they are the ones who actually put it into practice and follow
the therapeutic regime recommended by the help group.

The recognition of diabetics’ needs to be involved in their
own treatment dates back to the discovery of insulin. A drug
with a very small therapeutic margin and potentially serious
secondary effects, it cannot be taken orally nor can it be
administered exclusively in hospitals because the patient needs
it every day. The insulin-dependent diabetic needs to know
how to administer it, and how to recognize the effects pro-
duced by too much or too little, and how to compensate for
this. The Joslin Clinic in Boston was one of the first centers to
establish formal education for diabetics; this can now be con-
sidered the general approach, at least as far as the theoretical
definition of overall care for diabetics is concerned. The effi-
cacy of structured diabetologic education in achieving better

glycemic profiles and in reducing complications in patients
with access to such education has been shown in many stud-
ies. However, we are a long way from achieving generalized
easy access to diabetologic education programs, and it is true
to say that even in highly developed countries there is a
notable difference between the recommended standards and
everyday reality.1

Reaction to the disease
The reaction to the diagnosis of a chronic disease is similar to
the process of grieving: in fact, it is a grieving process brought
about by the loss of health. It involves a number of phases,
from initial denial to final acceptance, which are normal pro-
vided that their duration and intensity do not exceed certain
limits. In any case, medical staff dealing with the chronically ill
should be familiar with these phases in order to understand
certain types of behavior or attitudes, and to be able to
respond in the most effective way at any given time:

● Shock phase or initial denial. The patient rejects the diagno-
sis, believing that it is due to a laboratory error or interpre-
tation, and that it is not actually happening to her. He/she
may request a second opinion, repeat tests or argue about
the reliability of the tests.

● Protest phase. This involves rebellious or angry reactions.
Not complying with medical instructions, or deception and
evasiveness in response to compliance may be seen in this
phase.

● Anxiety phase. Melancholic or inhibited reactions.
● Negotiation phase. The disease is accepted, but the patient

tries to set limits on the impact that this will have in her
life. One characteristic may be a partial acceptance of the
proposed instructions: ‘Okay, I’ll do the controls but only
twice a day’, or ‘I’ll follow the diet but I’m not injecting
myself with insulin.’

● Adaptation phase. ‘If there is no way back, I better do as best
I can.’

During pregnancy, it is slightly different.2 Women with
Type 1 and Type 2 diabetes already have a known disease at 
the start of the gestation period, and, therefore, it might be
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expected that they would be in the adaptation phase. However,
this is not always the case. Furthermore, one of the educator’s
first interventions should be to identify exactly which phase
the patient is in. Sometimes, the patient can remain in the
anxiety or negotiation phase for years, while at other times the
patient can be in a hidden denial phase. Identifying which
phase the patient is in is fundamental to be able to focus the
situation effectively and to reinforce or begin, if appropriate,
the education process efficaciously. Getting over the initial
phases, especially if they are prolonged, is more difficult in
these patients than in gestating patients, because their experi-
ences are more prolonged and intense, and because sometimes
elaborate schemes are created (excessive family or work prob-
lems, supposed difficulty in response or negative effects of the
disease, etc.) to justify an evasive attitude to diabetes.

Gestational diabetics scarcely have time to progress
through the different phases. They could easily stay in the first
phase because they do not perceive any inconvenience as a
consequence of the disease. However, frequently, this is not the
case, because the fetus is presented as being the most affected
in the process, this makes them advance quickly to the negoti-
ation or adaptation phase. As the inconvenience is perceived as
transitory, and the effect on their lifestyle is of low intensity,
this also adds to a quick acceptance. However, in some cases,
the initial denial phase is strongly manifested.3 Continuation
of pregnancy without the relief of specific problems or with-
out the detection of fetal anomalies can reinforce this attitude
of distrust of the diagnosis or its relevance, and convert it into
a definitive attitude. Sometimes, it is difficult to overcome this
response which is theoretically reinforced by events, or rather
by the absence of events, and the best that can be obtained is
to control the patient’s evolution and to hope that she is in the
percent of patients who do not spontaneously develop com-
plications. Fortunately, this is not a normal response.

In both types of diabetes, the presence of the fetus and the
knowledge that it will be the main beneficiary of the correct
treatment provide the patient with a stimulus.4 The concept of

the fetus as a patient is a key factor in the transmission of
information, and it is undoubtedly helpful in making the preg-
nant patient’s attitude, in most cases, a collaborative one.

Diabetologic education
The objective of medical care for diabetic patients is to nor-
malize glycemia levels and to minimize the complications of
the disease. Achieving near normal glycemia levels delays the
onset of chronic complications, reduces the number of med-
ical visits and hospital stays, and lowers health costs. During
pregnancy, the goal of metabolic management (glycemic
monitoring, dietary regulation and insulin therapy) is to pre-
vent or minimize the postnatal sequelae of diabetes – 
macrosomia, shoulder distocia, birth injury and postnatal
metabolic instability – in the newborn (Table 56.1). If this goal
is to be achieved, glycemic control must be instituted early and
aggressively. Normoglycemia is associated with reduced peri-
natal mortality and morbidity.5

To obtain normal or near normal glycemic controls, it is
necessary for the diabetic to become sufficiently skilled in
choosing, distributing, and preparing foods conveniently, to
be able to self-administer insulin, and to periodically check
glycemia levels. The objective of diabetologic education is to
give the patient the knowledge and skills to be able to attend
to his own daily care. Medical care that does not enable diabet-
ics to gain a good degree of independence in the control of
their disease is insufficient care, which will, in the medium- to
long-term, struggle to reflect satisfactory results. In the case of
pregnant women, medical control without the active partici-
pation of the patient creates a serious obstacle to obtaining
normal perinatal results. Without an adequate diabetic educa-
tion and with a minimum of instructions, serious imbalances
may be avoided, but it is practically impossible to achieve 
euglycemia in many cases, especially in previously diagnosed
diabetics.6

Table 56.1 Objectives of diabetology education in pregnancy

Gestational diabetes Pre-gestational diabetes

Short-term Diabetes awareness Identification:
Mutual interference between diabetes ● Degree of previous training

and gestation ● Degree of independence achieved
Basic management skills ● Family support

Knowledge:
● Interrelation between diabetes and gestation

Increase:
● Level of awareness and skills
● Degree of independence

Medium to Diabetes of healthy habits Promote healthy attitudes
long-term Prevention /detection of diabetes Promote positive and proactive attitudes to the disease

● Diabetes Type 2 Prevention of complications in a new pregnancy
● Gestational diabetes in another pregnancy
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Diabetologic education is a collaborative and interactive
process which is established between the diabetic and the 
educator.7 The process includes:

● Knowledge of the specific individual educational needs
● Identification of the objectives of specific individual 

self-controls
● Education and direct follow-up to help the diabetic meet

the objectives set
● Evaluation of the achievement of the objectives set

In diabetes, an educator can be defined as a healthcare pro-
fessional with thorough knowledge and skills in physiology,
pathology, social relations, communication and education,
and with experience in the care of diabetic patients. This role
can be undertaken by nurses, doctors, psychologists, dieti-
cians, etc. since the function is neither specific nor exclusive to
any one group. In multidisciplinary teams, all the members
should possess knowledge and sufficient training for the role,
even although the role is assumed and led by a certain
member of the team.8

Education in self-management should be aimed at diabet-
ics and, as far as possible, at their family and friends so that
they can offer the diabetic the necessary support and so that
they are able to act appropriately in a crisis. The content of the
information and training given to patients should include
topics such as the physiopathology of diabetes mellitus; its
short- and long-term consequences; appropriate kinds of
food, physical activity, drug therapy, self-control of glycemia,
the prevention and management of acute and chronic compli-
cations, how to act in situations of conflict, psychosocial adap-
tation, and the use of the health service.9 Pregnant women or
those of child-bearing age considering pregnancy should also
be made aware of how the disease can influence the gestation
and the fetal development; how the pregnancy affects the
metabolic balance; to what extent the disease could influence
the aggravation or appearance of chronic complications; and
which are the general treatment principles during this
period.10

The information and the method of educating should be
adapted to the personal characteristics of each individual, taking
into account the level of education, knowledge and prior prepa-
ration, capacity of understanding and learning, existence of
concomitant diseases, social or cultural differences, lifestyle and
predisposition or capacity to collaborate.11

Although the final objective of getting a healthy newborn
baby with the minimum possible interference to health or dis-
comfort to the mother is similar for all patients, individual
objectives may vary greatly. With each individual patient, it is
necessary to establish learning objectives which are both rea-
sonable and achievable. During the first visit, the educator
should identify the needs and the specific objectives of each
gestating or nonpregnant patient and, thus, establish a learn-
ing calendar which will enable each patient to participate fully.
Furthermore, the educator should set down a number of indi-
cators which can be evaluated to determine the success of the
process. Depending on the degree of independence that the
patient manages to obtain, the rhythm of the gestation follow-
up schedule can be established with either more or fewer

visits. The ideal situation is one in which the pregnant patient
has sufficient resources to make small adjustments to correct
glycemic deviations, and to be able to identify when to go to
the hospital or call the doctor when warning signs appear.

Despite the obvious needs to instill diabetic patients with
autonomy in the daily control of the disease, the existence of
inadequate education programs or the failure to implement
such programs is a problem in general. More than half of the
diabetic population receives little or no diabetology educa-
tion. A national survey carried out in the USA in patients 
with diabetes Type 1, in insulin-dependent diabetes Type 2
patients, and in noninsulin-dependent diabetes Type 2
patients revealed that 41, 51, and 76% of them, respectively,
had never taken a class, course or any other diabetology 
education-related program.13

It is not simply an issue of gestational diabetics not having
sufficient resources to manage their metabolic changes,
because this would be a limited problem moderated by the
dysfunction and the short period of duration. A good number
of diabetic adults clearly lack the skills associated with man-
agement of the disease, such as preparation of an adequate
diet, adjusting the insulin dose, or making adequate compen-
sation for occasional glycemic deviations. Hospitalization of
patients with poor metabolic control is frequently attributed
to their insufficient awareness of self-control. It is also more
likely that such patients end up developing complications or
requiring emergency services.

Deficits in training are not solely due to lack of awareness
and skills; often an incomplete first educational stage has led
the patient to make supposed ‘deductions’ or ‘misunderstand-
ings’ and, over the passage of time, these have been assumed
by the patient to be correct. Detection of these suppositions
can be complex: they do not arise during the interview, but
rather based on the suspicion that they do exist, the inter-
viewer has to review in great detail all the knowledge that the
patient should have. The types of errors that the patient has
incorporated into the daily control can be wide-ranging,
affecting the diet, such as its distribution and preparation,
types of food containing carbohydrates and their approximate
proportion, choosing food when eating out, as well as insulin-
administering techniques and their effect, dosage errors,
effects of exercise, etc. The task of correcting skills and knowl-
edge is as difficult as that of identifying them, given that the
patient is usually reluctant to accept that over an often pro-
longed period of time, he has been forming habits which were
not only incorrect but also, at times, counterproductive. The
educator should have sufficient communication and educa-
tional skills not only to explain the error but also to convince
the patient that the analysis being carried out is appropriate
and that the resulting change in attitude will have a positive
effect on his own control.

An educational model will be effective depending on the
extent of independence it gives the patient to participate effec-
tively in the management of his disease. The time required for
a complete educational process is usually greater than the ges-
tational period; however, if it is a basic issue for an existing
diabetic, then its importance is more relative for gestational
diabetics. The specific objective for pregnancy should be clear.
For gestational diabetes: be aware of the disease, know the
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basics so that it does not interfere with fetal development, in
the medium- to long-term acquire healthy eating and lifestyle
habits, and take a preventative and proactive approach
towards Type 2 diabetes or gestational diabetes in a new preg-
nancy. For existing diabetics: detection of deficits or errors in
the educational process to date, identify patient’s degree of
independence, evaluate degree of family support, increase
their awareness and skills, facilitate the maximum degree of
independence possible during pregnancy, in the medium to
long term promote healthy attitudes, and adopt a stance of
prevention of complications in a new pregnancy.

Guidelines of diabetes care and
pregnancy: Hospital Maternal–Infantil
Vall D’Hebron
The acquisition of knowledge and abilities on the part of the
patient can be subdivided into three stages that are continuous
and superimposed:

1. Informative stage
2. Training stage
3. Support stage

Informative stage
All the patients who go to a diabetes and gestation clinic
should receive complete, clear and comprehensible informa-
tion of the basic aspects related their illness. A patient should
understand:

● What is happening
● What dangers she and her fetus may encounter
● Why complications can arise
● What treatment we propose and why

This means that the following should be explained:

● What diabetes is and the relationship it has with 
pregnancy

● The influence of diabetes in the course of the pregnancy:

° How diabetes influences the development of the fetus
and neonates

° What long-term repercussions it can have for the
patient and her baby

● What is the fundamental cause of the complications, and the
relationship with the glycemia levels

● Why the diabetes must be treated during pregnancy, how it
is treated, and the importance of the diet:

° What are the carbohydrates and what purpose do they
serve

° What types of HCO there are, and which are forbidden
and which are not

° Which are the fundamental rules that should be 
continued in a suitable diet: (a) the proportion of car-
bohydrates; (b) the number of meals/day; and (c) the
preparation of the food

● The purpose of exercise
● What is the metabolic autocontrol and why it is important.

How glycemia levels can be determined
● What is insulin and when it is used

If the patient is able to answer these sections clearly and con-
cisely after the informative stage, we will have achieved half of
the treatment. We will gain a faithful collaborator who will feel
an active part of the therapeutic team. But to transmit this
knowledge requires special ability. It does not require a great
volume of information, rather the opposite. The information
that is transmitted should be important, clear, concise, and
sufficent.

Important
A patient cannot assimilate the entire importance of diabetes
in half an hour, nor in 3 days. Only key points should be
chosen for transmission, keeping in mind that the objective is
to motivate the patient to follow the treatment. She should
receive enough information so that she considers it important
to remember it, but not so much as to worry her unnecessar-
ily and magnify the risks, nor to disconcert her with a great
number of figures or of secondary details.

Clear
The information must be made accessible for the patient,
appropriate to her language and level of education. It serves
no purpose to choose the fundamental points of the illness
correctly if, later, an excessive amount of scientific language is
used, with terms that are not comprehensible for those with-
out any scientific training, or with tortuous rhetorical con-
structions, so that when concluding a sentence nobody can
remember how it began. The chosen level should be the lowest
in the group. Nobody is offended when simple words and
short sentences are used, nor when they are spoken slowly,
stressing those words that need to be highlighted. The oppo-
site can occur where half the patients look bewildered, having
lost the thread of the explanations some time beforehand. The
educator should never forget that he/she speaks for them and
not for a committee of experts.

Concise
The patient is not an expert in perinatology, and her notions
of medicine can be very limited. It is very probable that most
of what is said is unknown to her, and the amount learned is
inversely proportional to the volume of new concepts sup-
plied. It is relatively easy to remember three sentences, but
very difficult to retain thirty. The educator should be able to
synthesize and extract the basic points that are important for
the patient to know.

Sufficient
The information cannot be broken into fragments, as this
causes it to lose value. If how to follow a diet is well explained,
but the justification is omitted, the most probable thing is that
the patient will not follow it. What is the point in changing her
routine if she has no clear reason for doing so?

On the other hand, the objective of the information is not
its omission but its receipt and assimilation. Thus it may be
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appropriate to repeat the same arguments, or the same con-
cepts with different arguments, as many times as necessary
until the patient understands what is being explained.

Although the information can be transmitted in an indi-
vidualized way, we prefer the interactive group, in which we
include, weekly, all the patients in gestation that go to the
clinic for the first time in their present pregnancy, whether
diabetic or not. The group offers the advantages of acceptance,
participation, and collaboration.

Acceptance
The patient is from the first moment with women in the same
situation. This allows her to accept the process better. She does
not have the sensation of being alone, or of being a strange
case, but rather there is a reference group that shares the same
problems. This normalizes the diabetes.

Participation
The group grants a certain degree of freedom and stimulus.
A comment from one can suggest a question to another which
spontaneously would not have occurred to her. What we
would not sometimes think about because it is considered
banal or inadequate is verbalized with more freedom if some-
body has said something similar. It is easier to request a 
repetition of an explanation if it is seen that there is another
person who has not understood than when the patient is alone
in which case there are times she remains silent so as not to
appear dumb. Individual ‘embarrassment is diluted in the
group.

Collaboration
The use of the knowledge and the experience of patients
themselves – whether pregestational diabetics or women that
have had gestational diabetes in previous pregnancies – allows
reinforcement of the information that is given. If one knows
how to channel their participation they become of the educa-
tor and their previous experience is a ‘guarantee’ that what is
being said is true and what is requested is possible.

On the other hand, the inclusion of the pre-gestational dia-
betic in the group offers another possibility: to assess, without
their having the sensation of being examined, the degree of
previous diabetic education and to know which are the areas
that need to be reinforced.

The reactions and the difficulties of the patients before the
situation are sometimes linked to the diabetes type. The pre-
gestational diabetic already has an idea about what diabetes
involves and also regarding what is normal or abnormal as for
glycemia, but her concepts do not always correspond to needs
of the pregnancy. The fact that, frequently, figures of slightly
high glycemia, are tolerated in the general diabetic population,
causes certain patients to consider them normal and refuse
later to accept the normoglycemia concept.

When gestation begins not only the illness is distorted in a
way that frequently surprises the patient herself, but she
should also understand that what she had considered as
normal has ceased, so that levels of glucose that before were
considered good are now unacceptable. That she understands
that the euglycemia is fundamental during pregnancy is indis-
pensable in the treatment process. In this sense the concept 

of the fetus as patient is basic. The pregnant patient should
understand that the increase of attention that is requested,
the greater adjustment in the metabolic control, is designed 
to safeguard her son from feeling any consequences of the 
illness.

The gestational diabetic patient, on the other hand, is a
woman that may not have had any contact with diabetes. She
may feel well (she does not have an illness, or pain, or any neg-
ative symptom). She may have been told by her doctor that she
has a metabolic problem that will last only for some months.
The first effort is to ensure that the patients believes what is
being said, and later accepts that, in order to treat the illness of
which she is unaware, it is necessary for her to change her daily
habits. This acceptance requires an effort that the therapeutic
team should facilitate and value. Also, the patient receives a
great deal of information that needs to be assimilated in a
short period of time. Thus, she needs support from the medi-
cine personnel who assist her.

In general, we could say that the gestational diabetic patient
needs to receive a greater amount of new information, but 
that this is easier to transmit, because it is made on a clean
base, from zero. Maybe it will entail an effort that she accepts
the presence of metabolic dysfunction, but once she has made
it she will not offer further resistance. While the pre-gesta-
tional diabetic patient can have sufficient knowledge, this
should be reassessed and corrected. It is, on occasions, much
more difficult to change an erroneous idea and requires
greater effort and ability on the part of the educator than to
establish a new one.

Training stage
The general ideas that have been expounded in the informa-
tion stage should be transferred to each patient and adapted 
to her characteristics. If first it has been explained to a patient
how to treat her diabetes, now the necessary instruments
should be provided so that she can undertake the task. The 
key points are diet, metabolic control, and administration 
of insulin.

Diet
The patient needs to know how to:

● Check the degree of understanding of the written diet
● Calculate the quantity of foods
● Cook the various foods
● Carry out simple substitutions
● Calculate the diet if she eats out
● Adjust the diet if activities different to the habitual ones are

carried out (evenings out, holiday periods, etc.)

Metabolic control
The patient needs to know about:

● The technique for obtaining capillary blood
● Reading of reactive ribbons of blood and urine
● How the reflectometer functions

° Management and conservation

° Most usual errors
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● Registry of the values obtained in the diabetes 
notebook

● Other data that should be noted: diet excesses (transgres-
sions), decrease in night rest, infections, etc.

● The situations when she should visit her doctor outside the
usual regular appointment

Administration of insulin
The patient needs to know:

● The places for the administration of insulin
● The administration technique
● The types of insulin that will work
● Fundamental differences between them
● Metabolic objectives: which are the glycemic margins taken

as normal
● How to proceed if the wrong dosage is administered.
● Precautions to take if insulin is administered (hypo-

glycemia prevention)
● How to act if faced with hypoglycemia

Instruction
The instruction on each one of these sections should be given
as the patient needs it. The first two are general, while the third
is reserved for the gestational diabetic patients that require
insulin. In the case of the pregestational diabetics, this stage
may not be training as much as confirmation that she has
acquired the necessary skills.

As well as giving general information the group facilitates
understanding and acceptance of the process, and the training
should be carried out in a personalized way. Each pregnant
patient has her own characteristics: habit schedules, family
relations, work type, way of cooking, etc. The diet should
adapt to these peculiarities, so that it accomplishes the objec-
tive but does not become an uncomfortable straitjacket that
distorts the whole daily activity of patient.

The time that each woman requires to incorporate this
knowledge is variable, depending on her learning capacity,
previous notions, and stress level and, of course, the compe-
tence of the person who is training her. The patient always
feels at a certain disadvantage with respect to the health per-
sonne they speak to her of her illness, they know it, they know
more about her than she does herself if the health care
provider is not capable of creating a relaxed and pleasant
atmosphere, of mutual trust from the beginning, if the patient
perceives by means of the language or the educator’s attitude
that she is too slow, or simply that she is in a hurry or indiffer-
ent because other patients need attention, the most probable
thing is that she will say she has understood everything 
perfectly only to please the trainer or for shame that her inep-
titude will be discovered. The time that each patient requires
does not matter. The fundamental thing is that in the end 
she has acquired the necessary capacity and that she has 
progressed.

Also, if possible complications have been dealt with, it must
be explained when she can expect them and how identify them
at an early stage, so that she can go to the doctor’s surgery
before the situation becomes serious.

Obstetric self-control
The patient needs to be able to control fetal well-being and to
know the usual fetal movements:

● What they mean and how they are controlled
● Why they can diminish
● How to act in this case

The patient should be made aware of the alarm signs:

● How to identify the contractions, and which are those that
could be worrying

● What other symptoms should receive attention, when
should the patient consult, and in what case should she go
to the hospital emergency department

Each one of these informative sections should be given at the
time in which it can be used by the patient or when she enters
a specific risk situation.

Support stage
The attention has to also be personalized and maintained dif-
ferent intensity, according to the necessities, during the whole
gestation.

During each visit the following should be checked:

● Suitability of the diet, solving possible errors
● Correction in the punction technique and in the collection

of results
● Correct handling and administration of insulin
● Appropriate control of fetal movements

The patient’s instruction is not finished until the moment of
delivery. New situations can appear every day (a different food
that causes an unexpected glycemic response, changes in the
rhythm of fetal movements, etc.) and these may require expla-
nation so that the patient understands what has happened and
can act appropriately if the situation arises again. If in the two
previous stages a bond has been established with the pregnant
patient, the communication will be easy and the patient will
not only quickly detect possible risky situations, but will also
feel she participates in the treatment.

At this stage we can delegate to the patient herself, accord-
ing to the degree of autonomy that has been reached:

● Modifications in the diet
● Adjustments in the dosage of insulin

It is an appropriate and effective policy to try to engage the
patient to the maximum in her own control, making her 
perceive the importance of her role as part of the therapeutic
team. This will diminish the degree of restlessness concerning
the illness, will make her feel useful and in control of the 
situation, and will reduce the perception of discomfort from
the treatment. The degree of delegation degree will depend 
on each patient, on her previous preparation, on the speed 
of understanding and learning, on the family and social sup-
port that is available to here. The assistance team should be 
willing to go as far as the patient can and want. For example,
for women with good knowledge and appropriate capacity 
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for decision-making, adjusments in the doses of insulin are
made at home rather than during clinic visits: confirmation
that her decisions have been correct can be made by phone.
Changes in dosage or substantial variations in the diet are not
the doctor’s exclusive decisions but reasoned and shared,
allowing greater participation of the patient as her level of
autonomy is greater.

The assistance team must have enough preparation to be
able to accept a relationship of collaboration and dialogue
with the patient, what is much more difficult than to be

shielded by the traditional doctor–patient or nurse–patient
relationship. They should be able to listen to her and to
respond appropriately to her needs. If the patient completes
the treatment because she is ordered, she will do it only during
the period in which she perceives the doctor’s authority, but if
she does it because she understands its function and agrees on
its utility, she will prolong it. The whole time that is invested
in education will be saved later, allowing the metabolic situa-
tion to remain stable and diminishing the incidence and the
seriousness of the complications.
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Introduction
Predicting the likelihood that databases will become an
important instrument for medical quality improvement is at
least as obvious as the prediction that a woman in labor will
deliver. Databases are not a novelty. Although used by clini-
cians for only a century, there are earlier historical examples of
simple types of database that served as a major engine of
change and progress, displaying a convincing evidence of its
usefulness over a respectable period of time.1

In most instances, the benefits of clinical databases have
long been recognized. Formerly, data were stored in paper
form, analysis meant calculation by hand or with a simple 
calculator, and statistical tables were used for accepting or
rejecting hypothesis at defined levels of statistical significance.2

In practice this has led to a restricted number of comparisons.
Today we have databases, statistical and graphical packages,
and comparisons between many variables and data sets are
done with ease. Meta-analysis is becoming an increasingly
popular method of comparing, combining and summarizing
the outcomes of published studies, though provoking contro-
versies at the same time. Some authors believe that meta-
analysis may be as reliable as randomized controlled trials,
whereas others believe that the technique should be used only
to generate rather than test hypotheses.3–5

Database research is generally considered to be cheaper 
and faster than trials, but is weaker on research design.
Such problems include incomplete data on the case mix, a lack
of concurrent controls, and an inability to ascertain impor-
tant outcomes or to identify the role of association among the
multiple outcomes of interest.6,7 While a lack of progress has
partly been a consequence of a lack of interest on the part of
clinicians, managers and researchers, it has also reflected the
demanding requirements for creating high-quality databases.8

Database developments
Developments in computer technology and mass produc-
tion of computer processors and other components have

made computers and data-input devices affordable. The 
rapid development of newer and better equipment has made
cutting-edge technology affordable even for low-income coun-
tries. In response to growing demand, the software market 
has become ultrasophisticated in addressing the vast range of
user needs.

Various database architectures are in use. Database struc-
tures must be defined prior to data entry and are set as 
institutional administrative databases, clinical databases or
national registries.9 As a result, users of statistical techniques
need no longer be concerned with the arithmetical and 
algebraic details of various statistical methods, and can con-
centrate instead on understanding the underlying ideas and
basic principles of statistical analyses, and look into outcomes
of the analysis.10,11 The advantages of electronic databases
include: minimal storage space, fast and accurate searches, ease
of updating data, easy data management, merge of data from
various sources, multiuser access, interactivity, networking,
internet access, data presentation and reporting, and simple
back-up.

When making a decision concerning which database 
software to use, care must be taken not to be unduly influ-
enced by price and availability, but primarily by hardware
capacity, software compatibility, programming requirements
and technical expertise required. The analysis process frequently
requires the simultaneous use of a number of complementary
software packages. Therefore, the decision for software 
purchase should be established on the ability for the interface
of various applications, the format in which the data are
stored and simplicity of use.

Evidence-based medicine
and databases
Evidence-based medicine integrates the best available data
from clinical research into clinical practice to enhance the
quality of decisions made, so achieving the best possible 
outcomes.12–14 The precise role of evidence-based medicine is
being widely debated in view of its applicability to individual
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patients. Continuous collation of data at the level of provision
of medical services, though not being pure clinical research,
as an alternative approach is considered closer to reality.8

The advantages include high generalizability through the 
participation of a wider scale of health care providers, the abil-
ity to rapidly generate large samples, and the opportunity to
study conditions and interventions.8,15 However, practitioners
have difficulty in finding, assessing, interpreting and applying
current best evidence.

The importance of data comparison of institutional 
data is invaluable for increasing excellence through the
Hawthorne effect. An example of this approach is the
Obstetrical Quality Indicators and Datacollection (OBSQID)
database of the World Health Organization’s (WHO) Regional
Office for Europe, which includes aggregated data on more 
than 14 million births in 43 countries and offers a forum 
for comparing obstetrical quality data at its internet site for
either aggregated or case-based data (Figure 57.1).16 In coordi-
nation with representatives of most participating institutions,
the OBSQID project variables and coding were standardized,
nevertheless mostly reflecting uniformity with clinical data
already available. Thus, comparison of data was made possible
and so increased the ability to effectively reuse data to produce
further information of evidence-based medicine.

Despite of the wealth of available data, the issue of
data quality should also be assessed. The incomplete data, lim-
ited detection of outcomes (e.g. maternal mortality 42 days
after delivery, congenital malformations diagnosed after 
discharge), interrupted time series, coding accuracy and
methods of data verification applied, are some of the prob-
lems encountered in the endeavor to maintain such regional
databases. A substantial challenge of maintaining or improv-
ing obstetrical outcomes spins the process of comparing the
data on more than initially agreed basic information. An
increase of active participation of clinicians and researchers in
designing other databases is increasingly emphasized and is
applied to ensure meaningfulness and usefulness for the 
quality measurement.

Evidence or lack of it?
The St Vincent Declaration integrates a commitment to con-
tinuous quality improvement through routine measure of
outcomes, benchmarking and consolidation of processes in
diabetic care.17,18 Since its proclamation in 1989, different
types of diabetes databases, national registries, subregional
and regional databases or other types of information systems,
have been developed to meet objectives set in the declara-
tion.19–22 The process of continuous quality improvement
demands not only the gathering of reliable and validated data,
but also acting upon this data. Many standardization, logisti-
cal and legal problems have been encountered, and have sub-
sequently led to a better understanding of the successful
implementation of these databases.23–25

Diabetes in pregnancy is not a rare condition and repre-
sents a specific area of diabetes population management.
When a decision has to be made about measures or treatments
in women or neonates from such pregnancies, physicians 

face a dearth of comparative evidence. However, reproducibil-
ity of results is often limited and most risk estimates are 
based on uncontrolled observational studies. According to the
St Vincent Declaration, the ultimate goal for the management
of pregnancies complicated by diabetes should be a maternal or
neonatal outcome approaching that of the nondiabetic popula-
tion. Some of previously set databases (e.g. DIABCARE) and
national registries collected data on diabetes in pregnancy,
primarily Type 1 diabetes.21 Yet there seems to be an apprecia-
ble gap between the obstetrical and perinatal information 
collected, and maternal diabetes-related data sets, preventing
the necessary outcome of monitoring, benchmarking, and clin-
ical auditing to monitor changes. The situation is particularly
complex with respect to gestational diabetes.

Several multicenter studies have been undertaken in recent
years to provide baseline data on the outcomes of diabetic
pregnancies with respect to obstetrical interventions, dietary
and treatment alternatives, subsequent short- and long-term
effects on offsprings’ morbidity and mortality, as well as 
development and progression of long-term diabetes compli-
cations during the course of pregnancy. Systematic review of
the literature in order to find evidence of best practice reveals
a scarcity of adequate information on obstetrical outcomes,
decision-making, guidelines and protocols in relation to 
diabetes in pregnancy. To implement changes in the clinical
practice an audit mech-anism should be initiated to continu-
ously re-evaluate outcomes and practices. Strengthening 
epidemiological assessment has become an imperative strat-
egy of diabetes surveillance and it is considered essential for
quality management of diabetes in pregnancy too. The annual
rate of pregnancies complicated by diabetes at an average
maternity hospital is usually too small to be informative,
making average data from several years necessary for analysis.
Therefore, adverse effects may reflect performance in the past
rather than the present.14 Variations may be substantial to
such a degree that it is impossible to assess its influence on real
differences of an intervention or outcome. Because of small
numbers or rare outcomes, the sample size is inadequate for
statistical analysis, usually making comparisons between sub-
groups impossible.

Large patient samples and a broad origin of data is a clear
benefit of multicenter study, however, great care should be
taken in harmonization of methodology. Examples of national
and international data collection tools of WHO Pan European
Database on Diabetes in Pregnancy are presented in Figure 57.2
(aggregated data) and Figure 57.3 (case-based data). Case-
based data can be merged with basic information related to
obstetrical history, diagnoses and interventions (Figure 57.1)
for detailed analysis of perinatal outcomes or with other data-
bases containing data on metabolic control, dietary measures,
diabetic complications, etc. Data and conclusions derived in
such a way should be of a quality relevant for the institutions
and applicable to the patients.26

Some cautions and concerns
Administrative and clinical databases are valuable assets which
should be considered as evidence. However, the challenge
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Figure 57.1 OBSQID Basic information sheet.
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Figure 57.2 OBSQID Aggregated data sheet for pregnancies complicated by diabetes.
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Figure 57.2 cont’d
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Figure 57.3 OBSQID Case based data collection sheet for pregnancies complicated by diabetes.
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remains to identify means by which various data can be col-
lated from disparate sources into a single structure and used
effectively. Frequently, diabetes- and pregnancy-related data
are stored in several databases of unequal design. Attempts to
successfully merge data sets, avoiding unrealistic assumptions
and oversimplifications, should be done in a systematic fash-
ion, with special consideration to consistency and validity of
underlying data.

Databases are technologically sophisticated, complex, and
fascinating objects. When creating a database the objective of
establishing it should be clear and not affected by architecture
or functional characteristics. Limitations and potentially 
negative consequences of database use for quality improve-
ment should be questioned early in the process. Dealing with
these challenges will probably turn out to be at least as 
important to the implementation and full effectiveness of
databases as the technical side of the effort.1 New statistical
methods are required to analyse raw data from large data-
bases, as traditional statistical methods using models that
adjust for covariates do not eliminate biases. In fact, inherent
biases are magnified, not minimized, by large databases.10,27

Furthermore, an overlooked problem is that an overwhelming
number of feasible comparisons show some results to be 
statistically significantly simply by chance.2,28

Databases will not help directly any individual patient with
the management of his or her condition. Rather, they will be
tools in the development of new or improved methods of
achieving better health, prediction, diagnoses and treatment of
disease, and in establishing more cost-efficient ways of operating
health services.29 However, the results are often of uncertain 
generalizability, as they tend to be carried out in atypical settings.
It is difficult to make adjustments in complex case-mix condi-
tions, as databases usually contain minimal set of variables.

Once a database is established it should be run for an
extended period of time to provide an overview of the 
epidemiological situation. Although some flexibility is 
beneficial, a basic variable set should be kept fixed to allow for
comparisons and a minimal data set should be defined.
Funding to run the service should be secured, feedback to the
contributors must occur at regular intervals and, if on-line
access is granted, the database should be updated regularly.
Contributions to the database should be seen as part of
ongoing work and so considered as highly beneficial.

Due to dangers inherent in modern technology, every care
should be taken to improve the security of data, control of
its dissemination and the potential for abuse minimized.

Legal and ethical issues are clearly important, and are relevant
to international conventions and policies concerned with
human rights.30,31 European legislation is not entirely clear on
the issues of keeping case-based data in registers, the need for
consent and how to consider aggregated databases.23

According to European Directive 95/46,32 informed con-
sent is necessary if personal data are to be used for purposes
other than those for which they were originally gathered, but
consent is not required if the data are not personal.31 The
public is sensitized to the potential for breaches of privacy.
Many acknowledge the fundamental need for privacy, but only
a few recognize that there may be circumstances under which
the benefits to the public outweigh the cost of some limited
loss of privacy. To get a pertinent snapshot of an epidemiolog-
ical situation, data collection needs to be universal, i.e. popu-
lation based. If patients refuse consent to their details being
stored in registries then the epidemiological picture of the dis-
ease would be distorted.

Conclusions
It may seem difficult and cumbersome to establish an 
epidemiological surveillance system for diabetes in pregnancy.
In fact, it is a matter of organizing available data rather than
searching for new data-collection mechanisms, and extending
use of the database to the epidemiological dimension. An 
epidemiological surveillance system could be attained by pro-
vision of routinely collected and aggregated data by centers
providing obstetrical and neonatal care for pregnant diabetics
and their infants. If diabetes and pregnancy is considered a
public health issue, it is strongly recommended that epidemio-
logical models should be further developed and implemented
at various levels of services to provide data for the dimension-
ing of the current and future diabetes care systems.33 Benefits
of the surveillance system should be clearly articulated: (1) uti-
lization of perinatal performance indicators related to a subset
of diabetic pregnancies in situation analysis, and for compari-
son with the general population; (2) benchmarking to aid
target setting; (3) identification of areas of particular concern
in terms of the need for improved management; (4) forecast-
ing of trends in gestational diabetes prevalence; and (5) imple-
mentation of the St Vincent Declaration. Critical attention
should be given to database design, data sources and their
validity, methodologies and interpretation of findings, and the
implications for clinical practice.
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Introduction
Technologies are now playing an increasing role in presenting
physicians with new information on which to base their 
diagnosis and treatment. The EuHealthNet project aims at
building a technology platform to enable integration of
healthcare knowledge, patient specific clinical data and data
from monitoring devices both at the individual patient level
and at the public health level.
Objectives are:

(i) Integrating vertical data of an individual patient into
a comprehensive-personal health record;

(ii) Anytime, anywhere access to full patient health
records 

(iii) Improving quality of care, through Decision Support
Systems 

(iv) Optimizing clinical workflow efficiency – in particular,
the day-to-day quality of life of patients with chronic
diseases.

The St Vincent Declaration integrates a commitment to contin-
uous quality improvement through routine measure of
outcomes, benchmarking and consolidation of processes in 
diabetic care. Since its proclamation in 1989, different types of
diabetes databases, national registries, subregional and regional
databases or other types of information systems, have been
developed to meet objectives set in the declaration. Diabetes in
pregnancy is not a rare condition and represents a specific area
of diabetes population management. When a decision has to be
made about measures or treatments in women or neonates from
such pregnancies, physicians face dearth of comparative 
evidence, reproducibility of results is often limited and most risk
estimates are based on uncontrolled observational studies.

Recent national audits demonstrate that the goal of the 
St Vincent Declaration is far from being met in nonselected,
geographically based populations, without uniform manage-
ment guidelines of diabetic pregnancies. Infants of women
with pregestational diabetes still have a 4- to 6-fold increased
risk of PNM and higher risk for major congenital anomalies.
It should be said that these large-scale national population
based studies performed over the past years in England,
France, Denmark, Scotland, and the Netherlands include 
in their statistics nonspecialist units inexperienced and ill-
equipped in treating diabetic pregnancies.

There is no doubt that specialist centers with substantial
skills in the care of diabetic pregnancies may achieve out-
comes that come within reach of the St Vincent Declaration.
As today, while no more than 30–50% of the pre-GDM 
pregnancies are planned or undergoing pre-pregnancy coun-
selling, and achievement of desired level of glycemic control is
achieved in no more than 50% of the patients, the aim of the
St Vincent declaration seems remote from accomplishment.
We must be honest and ask ourselves, is the aim of the 
St Vincent declaration unapproachable? It may be, that estab-
lishing national/international-based registry programs for 
all women with pre-gestational diabetes will identify those
who want to conceive, thus, enabling the foundation of pre-
pregnancy consultation programs. Desired level of glycemic
control can be achieved by the use of technologies such as
combination of glucose sensors and insulin pumps (‘closing
the loop’) and the use of personal health record (PHR) with
integrated clinical decision support (CDS) systems. These in
turn could lead to improved perinatal outcome.

The following chapter has two aims: to introduce recent
innovations in the field of medical informatics and its potential
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application to the management of diabetic pregnancy and to
present the ‘EuHealthNet’ Pan European project implemented
in diabetes and pregnancy.

Introduction to health care
informatics
In order to appreciate the impact that eHealth networks and the
implementation of disease management tools have in improving
the outcome and treatment of any particular medical situation
(especially in this chapter, in diabetes and pregnancy) it is essen-
tial to have a solid background in medical informatics and its
evolution in the recent years. Thus, we introduce the reader to
these recent innovations and their application to the manage-
ment of diabetic pregnancy. This introduction will review the
following subjects:

● Introduction to medical informatics
● A future scenario
● The patient health record (PHR)
● Health care communication informatics
● Evidence-based medicine(EBM)
● Clinical decision support systems (CDSS)
● IT and database developments, including the EuHealthNet

Health care is an information-based science. Much of clinical
practice involves gathering, synthesizing, and acting on infor-
mation. Biomedical informatics is the scientific field dealing
with biomedical information, data and knowledge – their
storage, retrieval, and optimal use for problem solving and
decision-making. It accordingly touches on all basic and
applied fields in biomedical science and is closely tied to
modern information technologies, notably in the areas of
computing and communication.1 The field emerged in the last
few years as a merger of several distinct scientific disciplines,
among them structural biology, statistical genetics, genomics-
oriented computer science, biochemical kinetics analysis and
medical informatics. The ability to creatively integrate and
expand results from a variety of highly complex, multidiscipli-
nary and information resources, holds a great challenge with a
true benefit in means of quality of decision making. It is all
about sculpturing medical information in a way that floods an
insight not seen otherwise.

In an article by Kukafka et al. Shortliffe describes four 
categories of biomedical informatics and their respective 
foci from the cell to the population: bioinformatics, imaging
informatics, clinical informatics and public health informat-
ics. Clinical informatics is the scientific discipline that aims to
enhance human health by developing novel information 
technology, computer science and knowledge management
methodologies to prevent disease, deliver more efficient 
and safer patient care, increase the effectiveness of transla-
tional research, improve knowledge access and facilitate 
technology-enhanced education.2

One of the most studied and developed domains in 
the field of clinical informatics are applications directed at

improving patient safety and preventing medical error. The 
growing sophistication of computers and software allows 
information technology to play a vital part in reducing 
that risk – by streamlining care, improving communication,
increasing access to knowledge, assisting with decisions,
catching and correcting errors and providing feedback on 
performance.3

From the financial point of view, a 2005 RAND research
highlight, which summarized several health research publica-
tions, concluded that, properly implemented and widely
adopted, health information technology (HIT) would save
money and significantly improve health care quality. HIT
includes a variety of integrated data sources, including 
electronic medical records, decision support systems, com-
puterized physician order entry for medications etc. Large 
overall savings were found compared with costs. Annual 
savings in US from efficiency alone could be $77 billion or
more. Health and safety benefits could double the savings
while reducing illness and prolonging life. The study proposed
a range of policy options that could be used to speed the
development of HIT benefits: ‘Our findings strongly suggest
that it is time for government and other payers to aggressively
promote the adoption of effective Health Information
Technology.’4

In the last few years the field of medical informatics has
gained significant governmental, institutional and initiators
attention both in the US and Europe.

Office of the National Coordinator for Health IT
The Office of the National Coordinator (ONC) for Health 
IT in the US was founded in 2004. The ONC’s task is to 
coordinate the development and integration of IT in the
health care sector. Quotes from the ONC’s Statement of
Principles:

The Benefits Health IT Can Bring to Our Nation – Fewer
Mistakes, Lower Costs, Less Hassle, Better Care … Health
care IT investment is critical to US economy. Investment in
IT should be a top priority … Federal government should
use its purchasing power to spur health care IT adoption,
and the private sector should collaborate with the 
government to encourage technology use in health care
since the benefits of health care IT clearly outweigh the
costs.

Agency for Health care Research and Quality
The Agency for Health care Research and Quality (AHRQ) is
the main federal agency charged with the improvement of the
quality, safety and efficiency of Health care services. As the
AHRQ stated in its 2007 budget request:

Emerging information about ambulatory care suggests that
the patient safety crisis in hospitals is only the tip of the 
iceberg … There is a desperate need for better information
sharing availability at the point-of-care
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European Commission eHealth Action plan for Europe
2004–2010
The 2004 EPSCO Health Council issued a report that 
comprises the European Commission eHealth Action plan for
Europe 2004–2010. The action plan includes a sequential set
of actions to be taken by EU member states and the
Commission over the period 2004–2010 in three target areas:

● Common challenges, including setting national roadmaps
for e-Health, deploying e-Health systems and health infor-
mation network, setting targets for interoperability, the 
use of electronic health records and clarification of legal
framework

● Pilot actions accelerating implementation of e-Health e.g.
tele-consultation, e-prescription, e-referral, tele monitoring
and tele-care

● Evaluation, confirmation of benefits and dissemination of
best practices: ‘The main objectives of the action plan are to
improve access and boost quality and effectiveness of
eHealth services offered in Europe, and enhance the
European eHealth industry by making eHealth systems and
services more interoperable and integrated.’

Individual e-Health sites
A recently published public report by Stroetmann et al. evalu-
ated ten individual e-Health sites using methods developed by
the EU eHealth Impact project. The study showed that across a
wide range of eHealth applications clear evidence can be found
of the benefits of information and communication technologies
in routine health care settings. These benefits range from
improvements in quality, safety, costs, efficiency and better
access to care: ‘The eHealth Impact project conclusively demon-
strated that there is over a 2:1 ratio between economic benefits
and costs.’5

The lack of current or comprehensive information on 
the legal implications of using many types of eHealth applica-
tions is well known. The EU 2004 e-Health Action Plan states
that by 2009 the ‘legally eHealth’ European Commission will
have defined a ‘framework for greater legal certainty of e-
Health products and services liability within the context of
existing product liability legislation.’ The lack of such a 
framework is not confined to the EU. The main aims of the
project, which reports in 2007, are to analyze the existing EU
eHealth legal framework, develop an accessible knowledge
base on legal and regulatory aspects of eHealth, develop a
series of case studies to explore and elucidate the practical
implications of the identified legislative issues in the use of
eHealth, and to make recommendations to meet any legisla-
tive and regulatory needs.

One major impediment to adoption is the fear that 
e-health technology will only add to physicians already
demanding workload. Usability factors will determine imple-
mentation since many physicians find that the time commit-
ment involved in learning and using computers is too great,
resulting in additional stress.6 A concern also exists that 
e-health may also exacerbate inequities in health care due to
socioeconomic inequities in Internet access.7,8

A future scenario
BA is a 53-year old woman. Upon her weekly log in to her per-
sonal health record (PHR) she notices that the ‘health mainte-
nance’ label, in the lower corner of the screen, is flashing. BA
clicks on it and sees a message that 2 years have passed since her
last mammogram and the system recommends her to get a
mammogram. BA thinks she has recently had one and is not
sure she needs it. She clicks on the message and it changes to a
view of all of her mammograms over the past 5 years. It appears
the system is correct; she does indeed need a mammogram. By
clicking on the message for the new mammogram she is able to
send an electronic message to the radiology department at her
local hospital and confirm an appointment for her mammo-
gram next week. Using her PHRs built-in Google search engine,
with its pre-defined medical search algorithm, BA ‘Googles’ pre-
appraised high quality information regarding new methods of
diagnosing breast cancer. She is particularly impressed with a
short video that shows a world-renowned breast cancer special-
ist discussing the importance of mammogram and the overall
great outcomes for patients with early stage disease. Armed with
this information she feels much more a part of her health care
experience and she arrives right on time for her mammogram
appointment.

On her last visit at her primary care physician’s office, BA had
given him a passkey to log in to her PHR. Back at his office, BA’s
primary care provider, Doctor Smith is reviewing results in his
electronic health record system. Doctor Smith’s office houses no
books or patient charts. Patient specific evidence-based medical
information and best practices are delivered instantaneously,
on request from leading web resources directly to the electronic
health record (EHR). Patient medical information, such as
records from emergency department visits and hospitalizations
appears on Doctor Smith’s e-mail inbox and are transferred to
the EHR transparently. Doctor Smith gets a quick note from the
PHR indicating that BA has accepted a recommendation to get a
mammogram and scheduled the test. A week later, Doctor Smith
gets a note in the EHR from radiology indicating that BA’s study
has come back positive. He is able to click on the message and
review the latest treatment guidelines and prognosis informa-
tion for breast cancer and prepare himself for the difficult phone
call with BA. Doctor Smith schedules BA for a needle localiza-
tion biopsy and 2 weeks later, he reviews the results on the phone
with a surgeon. BA has cancer, but it is early stage and the prog-
nosis should be very good. Doctor Smith has another difficult
phone call with BA, but BA is grateful that the cancer has been
diagnosed early and that she stands a very good chance of cure.
Doctor Smith suggests that video recordings of patients with a
similar diagnosis that can be accessed through the PHR might be
helpful for BA. At the end of the phone call, BA has an appoint-
ment with an oncologist and scheduling information has been
conveyed over the phone and sent to her PHR. Prior to her visit
with the oncologist, BA logs onto her PHR and fills out several
forms with personal questions about her treatment. She is
pleased to see that she is being asked sensitively about her reli-
gious beliefs and practices including her approach to blood
products and her desire to seek aggressive treatments for her
cancer should that be necessary. She submits all of the responses
and arrives at the oncologist’s office prepared for the discussion
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that will ensue. She has already read on the PHR about some of
the treatments that she will discuss with the oncologist and the
visit goes very well. The oncologist and BA decide on a treat-
ment plan that involves radiation, chemotherapy, and surgery. It
is an aggressive strategy, but the oncologist explains that this is
in part due to a risky genetic profile uncovered in the many
blood tests that BA has had so far. He is able to pull up the
genetic profile via the EHR in the office, display it and show BA
how her risk changes based on the profile. Given the fact that
BA has expressed a desire to be very aggressive about her treat-
ment in the electronic forms, the oncologist is able to further
support this approach. He even recommends that BA’s three sis-
ters have genetic screening and more frequent mammograms.
Since two of them are already signed up for the PHR, the oncol-
ogist is able to transmit summary recommendations to their
profiles based on this information. The oncologist finishes his
day by submitting a treatment plan to the inpatient system via
the EHR. At one point, he accidentally orders chemotherapy
mixed in saline when it should be mixed in dextrose solution.
The EHR quickly fires a pop-up window pointing out the error
and then goes on to assist him in calculating the best doses of
chemotherapy to treat BA’s cancer given her genetic risk profile,
weight and kidney function. BA is admitted to the hospital
exactly five weeks from the moment that she first clicked on the
link describing the need to get a mammogram. BA’s world is the
future. The high quality, rich information and common-sense
efficiency inherent in BA’s care are all within our grasp. In fact,
we have seen similar and even greater transformations in
equally complex sectors.9

Personal health record (PHR)
‘The focus of the 21st-century health care system must be the
patient.’10 In 1998, an international group of lay people and
health professionals met to envision a more patient friendly
health care system, one created ‘through the patient’s eyes.’
They agreed quickly on a guiding principle: ‘Nothing about
me without me.’11 Over the past several years, there has been a
remarkable upsurge in activity promoting the adoption of
electronic health records (EHRs). By contrast, personal health
record (PHR) systems have not received the same level of
attention. Most consumers and patients receive care from
many health care providers, and consequently their health
data are dispersed over many facilities’ paper- and EHR-based
record systems.12 A fragmented system of storing and retriev-
ing essential patient data impedes optimal care. PHRs are:

electronic application(s) through which individuals can
maintain and manage their health information (and that of
others for whom they are authorized) in a private, secure,
and confidential environment.13

The essence of PHRs is being consumer-patient focused hence
empowering patients by allowing them to be involved and
responsible for their own health status and health care deci-
sions, i.e. promote preventive and chronic diseases self-care.
PHR core benefits include improving patient satisfaction,
improving patient health data validity and quality control,

supporting patient safety initiatives, supporting patient and
health services mobility, cooperation and shared care and pro-
viding ready access to emergency patient data. Figure 58.1
shows an example of a PHR.

PHRs have been under development since the mid to late
1990s. The Markle Foundation Connecting for Health
Initiative, a public–private endeavor working toward an inter-
operable health information infrastructure, provides the fol-
lowing PHR definition:

The Personal Health Record (PHR) is an Internet-based set
of tools that allows people to access and coordinate their
lifelong health information and make appropriate parts of
it available to those who need it. PHRs offer an integrated
and comprehensive view of health information, including
information people generate themselves such as symptoms
and medication use, information from doctors such as
diagnoses and test results, and information from their
pharmacies and insurance companies. Individuals access
their PHRs via the Internet, using state-of-the-art security
and privacy controls, at any time and from any location.
Family members, doctors or school nurses can see portions
of a PHR when necessary and emergency room staff can
retrieve vital information from it in a crisis. People can use
their PHR as a communications hub: to send e-mail to doc-
tors, transfer information to specialists; receive test results
and access online self-help tools. PHR connects each of us
to the incredible potential of modern health care and gives
us control over our own information.14

Online PHRs are seen as offering portability, interope-
rability and security, and help meet many Western govern-
ments’ aims of personalizing care and increasing patient
participation in the way decisions are made regarding their
care. Equally important, they can be a substrate for anony-
mous population-based research based upon grouping of
patients by diagnoses and clinical risk strata. Clinical data 
collection targeting implementation of quality indicators,
such as the Pan-European Obstetrical Quality Indicators
(OBSQID) project, that aims at continuous promotion of
best perinatal practices, could be greatly facilitated by infor-
mation gathered anonymously from PHRs of specific patient
populations.

PHRs are coming close to the top of the health care tech-
nology agenda in many countries. In the US they form a sig-
nificant part of the government’s national health IT strategy
and have been implemented by various regional and local
health care systems and providers. In July 2006 the American
Health Information Management Association (AHIMA)
demonstrated its advocacy for the empowerment of individu-
als to manage their health care by issuing a joint Position
Statement for Consumers of Health Care on the Value of
Personal Health Records with the American Medical
Informatics Association (AMIA).

Using a PHR will help people make better health decisions
and improves quality of care by allowing them to access
and use information needed to communicate effectively
with others about their health care.
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In Europe, PHRs are being developed by various national
health information technology programmes e.g. in France and
England.

Endsley et al. have identified three types of PHR that have
been developed in recent years: a provider-owned and
provider-maintained digital summary of clinically relevant
health information made available to patients, a patient-
owned software program that lets individuals enter, organize
and retrieve their own health information and that captures
the patient’s concerns, problems, symptoms, emergency con-
tact information, etc. and a portable, interoperable digital file
in which selected, clinically relevant health data can be man-
aged, secured and transferred. Platforms for portable PHRs
include smart cards, personal digital assistants, cellular phones
and USB-compatible devices that can be plugged into almost
any computer.15

One of the most evident scenarios in which PHR can play
a vital role is the case of the obstetrical follow-up. Obstetrics is
an ideal speciality for implantation and evaluation of a PHR.

It is a well-defined field with a relatively standard course of
care for a common condition, and it focuses on events that
occur over a set interval of time lasting approximately 
10 months (including postpartum care). Communication
among patients and providers is a key element in ensuring
quality of care, because all patients have their care transferred
from outpatient to inpatient settings and back being cared for
by different providers. PHR can improve communication
among an antepartum unit, the outpatient office and the labor
floor, i.e. the availability of important data such as the most
recent blood pressures measured in the primary physician
clinic is vital to the care of a patient suspected of having 
pre-eclampsia. Another example is the crucial roll of the tight
follow-up needed for pregnant women with diabetes. 2004
marks the 15th anniversary of the St Vincent declaration and
cumulative data indicate that pregnancy outcome remains
poor among women with diabetes, even in top-rated medical
centers throughout western Europe. Several published
European studies revealed an undesirably high rate of both

Figure 58.1 An example of a personal health record.

9780415426206-Ch58  11/29/07  4:59 PM  Page 443



perinatal mortality and malformations. PHR has the potential
to play major role in intensifying management in diabetic
pregnancies. A tight follow-up and care could lead to a signif-
icant reduction of prenatal morbidity and mortality in preg-
nancies complicated by diabetes, by preventing both the
excessive congenital anomaly rate and the reducing metabolic
complications.

Beyond improving the quality of care for prenatal patients,
given that obstetrics is a large contributor to the current 
malpractice crisis, PHR and its accompanying decision sup-
port tools could potentially mitigate medicolegal risks. It is
quite possible that the costs of implementing such a system
might be offset by reduced malpractice claims. Consider a
patient who had an ultrasound examination the day before
presenting in labor that suggests that her fetus may be macro-
somic. The provider who does not have access to this report
runs a greater risk of encountering a bad newborn outcome
than a provider who has immediate access to that ultrasound
report.

Personal health record systems are more than just static
repositories for patient data; they combine data, knowledge,
and software tools, which help patients to become active par-
ticipants in their own care. When PHRs are integrated with
electronic health record systems, they provide greater benefits
than would stand-alone systems for consumers.16

While PHRs have many potential benefits to patients, care-
givers, and institutions, the supporting evidence of specific
benefits and the business case for PHR adoption are limited.
Furthermore, the technology supporting PHRs is still evolv-
ing. As with EHR adoption, the impediments to PHR adop-
tion are not limited to technical ones. Issues regarding PHRs
concept and adoption include: security and confidentiality,
accuracy of data, integration with other electronic patient data
systems used by health professionals, ownership of data,
extent of shareability of data across systems and across bor-
ders, back-up issues in case of loss of data stored on USB
devices, and funding issues.

Widespread adoption and use of PHRs will not occur
unless they provide perceptible value to users, easy to learn
and use, and have associated costs (both financial and effort)
that are easily justified related to the PHRs perceived value.

Health care communication
informatics
Informatics is poised to have a major impact in patient–clini-
cian communication. Electronic communication has the
potential of moving medicine inexorably toward such trans-
parency, enabling doctors and patients to share knowledge,
responsibility, and decision making more equally. As e-mail
communication becomes more widespread, interactions
between patients and physicians, such as follow-up inquiries,
receiving data from home monitoring (e.g. blood glucose
levels) and adjusting of medication accordingly, will be facili-
tated. E-mail communications creates the potential for
improved continuity of care because patients can interact with
their personal physician asynchronously via e-mail. E-mail

may also promote communications between providers e.g.
physician–physician and physician–pharmacist. Speciality
consultations could include an e-mail message with an elec-
tronic attachment of a patients test results, a digital radi-
ograph or a scanned photo of a skin lesion. In a clinical
crossroads article, Slack demonstrates the value that
patient–physician e-mail can have in improving patient care,
and also catalogues the incomplete but encouraging underly-
ing evidence. The article emphasizes that informatics can help
physicians better incorporate into clinical practice one of the
most underused resources in medicine, the patient, whose
help is greatly enhanced through this new technology.17

Despite the benefits of electronic communication, potential
disadvantages do exist. Patient advocacy groups have
expressed their concern about the confidentiality of e-mail
communication and the delay in receiving a response.
Physicians are also concerned about communication through
electronic technology because it may deteriorate the
patient–physician relationship. Furthermore, e-mail bypasses
the conventional administrative screening and consequently
can overload a clinician with unnecessary electronic mail.18

Physician resistance to e-mail communication was apparent in
a 2002 study showing that only 6% of respondents reported
using e-mail to contact a physician or other health care profes-
sional.19 The American Medical Association (AMA) has
released guidelines for doctors using e-mail in an attempt to
standardize electronic communication. These suggestions
advise establishing timely responses, discouraging e-mail
communication for insistent matters, explaining electronic
mail procedures to patients, and making the patients
informed that e-mails can be printed or copied and inserted
into standard patient records.20 Urged on by the AMA and the
American College of Physicians, insurers and health plans are
exploring ways of paying doctors for using e-mail.21

Handheld memory devices such as smart cards and USB
memory devices are another advantage of electronic communi-
cation. They are small sized devices that transmit electronic
information to a computer system and contain a patient’s 
electronic health record. They can provide physicians with a
patient’s complete medical history, immunizations, allergies,
blood type, prostheses, measurements, laboratory results,
and so on.22

One of the most concerning issues are the confidentiality
and security issues. The Health Insurance Portability and
Accountability Act of 1996 (HIPAA) regulations require that
comprehensive policies and procedures be established to 
safeguard electronic health records and patient confidentiality.23

E-mail and handheld memory devices communication can be
protected through encryption using public key cryptography.24

Evidence-based medicine and health information access
The practice of evidence-based medicine (EBM) is the 
integration of current best research evidence with clinical
expertise, and patient values to achieve the best possible
patient management.25 In the modern world of rapidly
expanding scientific knowledge, increased patient self-
advocacy, and limited health care resources, EBM defines a
way to optimize medical decision-making. There is a rich 
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literature about the frequency of questions occurring in 
clinical practice (0.7–1.5 per patient).26 The vast majority are
‘foreground questions’ concerning management of a specific
patient. ‘Background questions’ that seek more general 
medical information are fewer, especially among more experi-
enced clinicians. Nonetheless, current information sources,
such as electronic textbooks, focus on providing answers to
background questions. In fact, questions about therapy consist
above than 50% of clinical questions, while diagnostic issues
account for less than 30% of questions.27 Green et al. demon-
strated that a group of residents believed that 70% of
evidence-based answers to their questions would have
changed the management of patients and that 34% of ques-
tions might involve harm for the patient if not answered.28

Marshall reported that 80% of participating physicians
changed their care as a result of evidence. He also calculated
that these changes reduced mortality risk in 19% of patients,
avoided hospitalization in 12% of cases, changed diagnostic
tests in 51% and drug choice in 45%. Overall length of stay in
hospital was reduced in 19% of patients.29 Searching for health
information was one of the most common uses of the web.30

Internet use by physicians has grown from 89% in 2001 to
96% in 2002, and 90% of physicians use the Internet to
research clinical issues, making it the most common profes-
sional Internet activity for physicians. Additionally, 70% of
doctors claim that the web influences treatment and diagnosis
of patients.31 Search engines allow quick access to an ever-
increasing knowledge base.32 The Google search engine, for
example, gives users ready access to more than three billion
articles on the web and has far exceeded PubMed as the search
engine of choice for retrieving medical articles.33 A recently
published article suggests that in difficult diagnostic cases, it is
often useful to ‘Google for a diagnosis.’34

From the patients point of view, an 2002 Cochrane review
concluded that trials indicates decision aids improve knowl-
edge and realistic expectations; enhance active participation in
decision making; lower decisional conflict; decrease the pro-
portion of people remaining undecided, and improve agree-
ment between values and choice. The effects on persistence
with chosen therapies and cost-effectiveness require further
evaluation.35 About 20% of adults in the US use the Internet
to access health information.36 Eighty percent of patients are
online, and 90% of online patients claim that web access has
increased their understanding of health conditions.37 Growing
numbers of patients bring online search results into their
physician’s offices, expecting their physicians to interpret the
information.

Nevertheless, a significant proportion of consumer web
sites are not peer reviewed, are influenced by sponsorships and
advertisements, and are not continuously updated.38 The
American Medical Association (AMA) guidelines stress clear
indications of content, site ownership and sponsorship,
privacy procedures, payment information (if applicable),
recent updates, qualified peer review, off-site links, and navi-
gational ease.39 Thus far, these principals have nor been
endorsed by the Internet health care world, and no regulatory
process currently exists to guarantee Internet health care qual-
ity.40 MEDLINE plus (http://medlineplus.gov) is an example
of a regulated health care information web site that can 

provide useful medical information to both physicians and
patients.41

Clinical decision support
systems (CDSS)
In part, PHRs represent a repository for patient data, but PHR
systems can also include decision-support capabilities that can
assist patients in managing their health. Today’s clinicians face
significant challenges with an information explosion that is
taxing their time, demanding more accountability from them
and increasing pressure to contain costs. The top priority is the
quality of patient care; yet due to growing complexity of health
care, it becomes increasingly more difficult achieve this goal,
despite the many advances achieved in health care during the last
50 years. The highly publicized Institute of Medicine report
2000, To Err Is Human: Building a Safer Health System, outlined
the pervasiveness of medical errors in routine health care and the
potential danger those errors pose for patients on a daily basis.42

Between 6.6 and 13.6% of medical errors which occur in hospi-
talized patients lead to death, which equates to between 44,000
and 98,000 patient deaths every year. What would be the global
response if 110 jumbo jets, each carrying 400 passengers crashed
each year, killing all on board? In fact, medical errors are the 5th
to 8th most common cause of death in the US.43 Emerging infor-
mation about ambulatory care suggests that the patient safety
crisis in hospitals is only the tip of the iceberg. Similar follow-on
studies concerning the British National Health System came to
similar conclusions.44 In 2001, the IOM catalogued studies of
under use, overuse, and misuse of care and concluded the per-
formance of the US health system ‘has floundered in its ability 
to provide consistently high quality care to all Americans’ and
noted that the system ‘frequently falls short in its ability to trans-
late knowledge into practice.’ Thus, the IOM described the US
health system as facing ‘a large chasm between today’s system
and the possibilities of tomorrow.’ The report ties the problems
and potential solutions together in a vision for a health care
system that is safe, patient-centered and evidence-based.45 In
2003, the RAND Corporation found that on average patients
receive recommended care only 54.9% of the time.46

One of the main causes of the above-mentioned chasm is the
gap between the most current and evidence-based clinical and
health knowledge, and the information that is typically applied
in making health and care decisions at the very moment they
are made; the point of care. Where answers to clinical questions
are provided by the literature, they are buried in textbooks or in
one or more journal articles. Unfortunately, only few clinicians
have ready access or the time required to search medical data-
bases, read articles, and synthesizes their findings in the busy
clinical setting. As a result, the focus has changed toward
approaches that provide highly concise information in the con-
text of the specific patient and clinical problem.47 Rapid access
to answers, which are provided in a synthesized and succinct
patient-specific, actionable knowledge, manner, embedded
within an electronic clinical tool, remains the key to solving this
dilemma.48 Clinical decision support systems (CDSS) are typ-
ically designed to integrate a medical knowledge base, patient
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data and an inference engine to generate case specific advice.
The first CDSS used in clinical practice were developed in the
1970s. The electronic integration of patient information, evi-
dence-based reference material and clinical decision support
results in knowledge driven care. For example, CDSS interven-
tions can detect potential medical errors, suggest optimal clin-
ical strategies, organize the details of a plan of care, help gather
and present data needed to execute this plan, and ensure that
the best clinical knowledge and recommendations are utilized
to improve health management decisions. Patient context 
in terms of age, gender, current problems, current drugs, co-
morbidities etc. and workflow context, such as stage in treat-
ment, location of care, determined resources etc., are essential
for delivering actionable knowledge. The potential benefits of
using electronic decision support systems in clinical practice
fall into three broad categories:49

● Improved patient safety, e.g. through reduced medication
errors and adverse events and improved medication and test
ordering

● Improved quality of care, e.g. by increasing clinicians’ avail-
able time for direct patient care, increased application of
clinical pathways and guidelines, facilitating the use of up-
to-date clinical evidence, improved clinical documentation
and patient satisfaction

● Improved efficiency in health care delivery, e.g. by reducing
costs through faster order processing, reductions in test
duplication, decreased adverse events, and changed patterns
of drug prescribing favoring cheaper but equally effective
generic brands

Multiple studies demonstrated CDSS beneficial in improving
outcomes at some health care institutions and practice sites by
making needed medical knowledge readily available to knowl-
edge users.50–55

A recently published systematic review of literature on the
effect of health information technology on quality, efficiency,
and costs of care found that three major benefits on quality
were demonstrated – increased adherence to guideline-based
care, enhanced surveillance and monitoring, and decreased
medication errors.56

Yet, at many other sites, CDS has been problematic, stalled
in the planning stages, or never even attempted due to signif-
icant barriers to its use. These include cost, technical issues;
system interoperability, concerns about privacy and confiden-
tiality, and lack of a well-trained clinician informatics work-
force to lead the process.3,57

On June 2006 a special American Medical Informatics
Association (AMIA) committee issued by the US Office of the
National Coordinator for Health Information Technology
(ONC) presented its conclusions in a white paper titled ‘The
Roadmap for National Action on Clinical Decision Support.’ The
roadmap recommended a series of federal and private activities
to improve CDS development, implementation and use
throughout the United States health sector:

The immediate goal of these activities is to ensure that opti-
mal, usable and effective clinical decision support is widely
available to providers, patients, and individuals where and

when they need it to make health care decisions. The ultimate
goal of these activities is to improve the quality of health care
services and to improve health in the United States.

IT and database developments
Developments in computer technology and mass production
of computer processors and other components have made
computers and data input devices affordable. The rapid devel-
opment of newer and better equipment has made cutting edge
technology affordable even for low-income countries. In
response to growing demand, the software market has become
ultra sophisticated in addressing the vast range of user needs.

The integration of IT and networking, imaging, data at the
level of the individual and data from monitoring products
should create solutions that will help hospitals, and clinics
address four important issues:

● Be able to integrate vertical data of the individual into the
personal medical files.

● Access of full patient medical records anytime, anywhere (from
within health care institutions or any other patient’s choice of
health care provider) with built-in knowledge-based elements
allowing for minimization of risk of errors.

● Improve quality of care, through effective storage of the
information, to be used by the same doctors again, or by
other health providers of the same patient, or anonymously
be used for local, regional, nationwide and international
comprehensive research, in order to reach conclusions and
hence improve treatments.

● Critical time-savings through improving workflow 
efficiency and, on the other hand, the day-to-day life 
of patients with chronic diseases can be dramati-
cally improved if the level of awareness is elevated to a level
that will make an impact on their responsiveness to their
medical customized treatments. Moreover, their daily routine
and check-ups (e.g., in diabetes patients check their sugar
levels various times a day) directly integrated into their per-
sonalized chart can be continuously monitored, and alerts
and disasters can be taken into account immediately using a
cell phone and/or the Internet.

The ‘EuHealthNet’: Scientific and
technological objectives
The ‘EuHealthNet’ is an eHealth network implemented to
measure outcome in diabetes and pregnancy.

Vertical integration
IT aspects/solutions (which can be transferred)

● Interoperability of information-medical systems by building
agents that self configure themselves to collect information
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(genetic data from bio-bank, blood analysis, information
collected from external devices, etc.) from existing data-
bases in the different institutions, on pre-defined common
parameters

● Enable transfer of information between systems via a network
using same agents in the opposite direction

● Enable extraction of data from external devices, into the
same unified system, seamlessly

● Enable extraction of data from external devices, into same
unified system, via the Internet

● Interconnect external devices using blue-tooth technology, or
other, through the unified system (i.e. glucometers, pumps
and sensors)

Medical aspects
The system will download of data from personal medical
devices (glucometers, insulin pumps, sensors, fetal monitors,
ultra sound, etc.) directly into the personal medical file on a
unified system, using the Internet (from an ASP application).

Medical–IT combined

● Interconnect external medical devices using blue-tooth tech-
nology, or other, through the unified system (i.e. glucome-
ters, pumps and sensors, fetal monitors, etc.)

● Build a feedback mechanism between the medical files, the
individual and the medical devices using blue-tooth tech-
nology and cell phones. Consequently, send messages and
feedback alerts from a network through a cellular phone as
feedback from data downloaded from medical devices
(especially wearable ones)

● Integrate genetic data from bio-banks into the integrated
personal medical file; unification of formats

● Automatically create an electronic birth certificate 
to include parts of the mother’s medical file, and 
use the genetic information of parents to automatically
update the origin of the new born (medical file of
new bon starts from the pre-natal information from 
conception time)

Horizontal integration
IT aspects/solutions (which can be transferred)

● Build the system in a way so that the information is stored
in ‘virtual saves’ – using two digital keys to open – a network
key and an authorized person (the patient, and authorized
health care provider)

● Build the system in a way to link the following services:
Authentication, Authorization and Control (to every piece
of information)

● Design the data base agents (see vertical integration) to seamlessly
integrate the information from all kinds and format

The information is displayed in the different languages, allow-
ing automatic translation of main medical terms achieved,
using common standards.

Medical aspects–IT combined
Development of standards
● Standards for electronic birth certification: the med-

ical file of newborn is automatically generated by the
system, using the mother medical file (and father’s 
if in the system), to include genetic information, bio-
bank information, fetal status information, and labor 
information

● Standards for unification of medical data, using interoper-
ability to convert data into a web-display for textual data
and support of medical imaging (web viewer DIACOM-
compatible)

Connecting information Connect the information in a med-
ical file (diagnosis, medications, allergies, medical procedures,
treatments etc.) to a search engine which will identify related
information directly to the items in the file, enable smart
questions and deliver an ‘evidence-based’ search result per
demand.

Horizontal and vertical
Medical–IT combined
Anonymous accessibility Build the database in a way 
that the textual and medical information are accessible 
anonymously using the authentication/authorization mod-
ules. The information of a person resides in different 
sets of servers. One is specifically designed for the individual
private data for authentication, and serves to authenticate,
and the other to set the authenticated party the right 
authorization. Then the authenticated person receives a 
digital key to open the medical information which is 
then transferred with no names (allowing a maximum secu-
rity), as during transmission, only medical data is transmitted
without names, or names without any medical data attach 
to it. Images are stored in a third server to allow transmission
of large digital pictures (only when and if broadband is 
available).

One-to-one identifier Develop a one-to-one identifier 
for patients (clients) to be used by the authentication server 
as well as by the connector–integration module to be identi-
fied by the system as a single identity to integrate data for
patients

Information labelled by tags Build the database in such 
a way so that information labelled by tags which will 
be interpreted by an authorization server (so that only authen-
ticated authorized people will have rights to the informa-
tion). Integrate these tags with the authorization server 
to be able to build partial authorization of the informa-
tion. The patients and the health care providers can see 
some of the information. Some of the information can 
be seen either only by the patient and/or only by health 
care providers (such as psychiatric information in some 
countries).

9780415426206-Ch58  11/29/07  4:59 PM  Page 447



448 Introduction to technological disease-management tools and eHealth networks

Medical
Goal 1: Inform clinical practice To bring information tools
to the point of care, by creating a full network for retrieval of
medical data, for data entry (the traditional replacement of
EHR systems) for use in hospitals, as well as in physicians’
offices and public and private clinics – either a new web-
system or integration of the existing systems to be able to
‘push’ the information when needed by a centralized index
system.

Goal 2: Interconnect clinicians To build an inter-operational
health information infrastructure, allowing the patient’s clini-
cians complete access to critical health care information when
treatment decisions need to be made. Moreover, the informa-
tion is kept in a common very secure database system, which
enables the building of local, regional, national and interna-
tional registries.

Goal 3: Personalize care To utilize health information 
technology in a way that will give consumers more access 
and involvement in their health care decisions. To enable
patients to have their medical information available at 
all times: by Internet, phone, smart cards, and GSM SIM
cards, PDAs, and Disk On Keys. To enable patients to 
download their data from the personal medical devices
directly into their personal records online, or transfer it using
a phone.

Goal 4: Improve health care by creating local, regional,
national and international registries on diseases To expand
capacity for research by building registries to be used by local
hospitals that will be able to share and collect anonymous data
from other health institutions for quality of care measure-
ment, by adopting new technologies, using a network to mon-
itor patients (such as diabetics, cancer, AIDS, etc.) and bring
research advances and improvements faster into local medical
practice.

Goal 5: Improve population health To expand public health
monitoring capacity, quality of care measurement, research
findings to allow for faster effective implementation into med-
ical practice – using local, regional, national and international
registries, and a common research center to identified crucial
parameters.

‘EuHealthNet’: The project
EuHealthNet is about a pan-European effort of commercial
companies and network of researchers, health care providers,
and professional institutions (centers of excellence through-
out Europe) to build a comprehensive eHealth network, inte-
grated with medical devices from different types (sensors,
glucometers, tension meters, insulin pumps, scales, fetal 
monitors, etc.) as well as with phones, PDAs, Smart Cards, etc.
(Figure 58.2).

The researcher specialists of the centers of excellence - 
are working together to design the application that is 
implemented into the system, for specialist-dependent 

data entry system and/or the integration into the medical
devices, and software packages used in each of the sub-special-
ties. In addition, the companies are working with researchers
from the different hospitals to build the prototype of the
devices to be integrated into the system. At this stage the par-
ticipating centers are from Denmark, Holland, Sweden, Spain,
Italy, Germany, France, UK, Ireland, Poland, Slovenia, and
Israel.

During the second step, the number of hospitals in each
country will increase, and additional countries will be added.
All the hospitals involved in the project will share a very secure
database. Each hospital will have an allocated designated par-
tition in the database, and will have full access to its own data.
However, the participants of the project can only retrieve and
review the comprehensive data (coming from all the centers)
anonymously, under definite restrictions imposed by the
steering committee of the project, and by the ethics commit-
tees of each hospital.

The technical outputs of the project
A full eHealth network, with a sophisticated secure DB solu-
tion, modules for retrieval of data (in multiple ways including
cellular communication), modules for data entry (general
medicine, diabetes, pregnancy and paediatrics), synchroniza-
tion with multiple devices, and more.

The Online Research Centre that is supported by the
common very secure anonymous database, will allow each 
of the networks (and within each of the centers) to perform 
its own analysis and combine and compare results with 
each of the other institutes participating in the project, to
reach the most comprehensive conclusions and enable 
development of new treatments on behalf of the patients,
as well as local, regional, national and international 
registries.

The Online Information Centre, integrated within the
patients’ personal medical files, will allow various facilities.

The EuHealthNet Information Centre
The Centre, integrated within the patients’ personal medical
files, will be able to expose new drugs, new technologies, and
new medical devices to both the health care provider and the
patient, whenever the file is reviewed.

● With the help of the anonymous data, centers involved 
in the project will be able to improve the quality and 
efficiency of specific drugs (e.g. manufacturers of types 
of drugs, tension meter, glycemic meters and other 
meters, sensors, ultra sound monitors, etc.) and have 
a unique opportunity to build an anonymous registry of
users.

● The Information Centre will enable the patients and their
health care providers complete awareness and involvement
in the patient’s medical condition.

The Physician Decision Support Tool
This tool, integrated within the patient’s medical file, when
viewed by a physician (regulated by the authentication–authorization
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servers) will enable the physician to receive support for decision
making from several levels:

• Pre-designed recommendations based on the specific
parameters within the personal medical file (taking into
account all the data: levels of blood sugar, complications,
status (child, pregnant woman, adult), etc).

• Linked to medical based medicine existing sites
• Linked to journals

A patient’s portal is developed, for each of the networks,
and of course will be enriched by every step along the
roadmap. An immediate step to improve consumer access to
personal and customized health information, providing
secure health information via the Internet, the phone, PDAs,
smart card, GSM SIM cards, etc. The portal enables author-
ized beneficiaries to have access to information about the
health care services they have received under the project, as
well as have full access to information related to their physical
condition, through the Information Centre capabilities, which
are developed as part of the project. The portal includes online
training for illiterate computer users.

As a showcase of the validation and valorization of the
EuHealthNet, the researcher in charge of each center of
excellence – for each of the key applications of this project

(gynaecology, diabetes and paediatrics) – work together to
design the application that is implemented into the system, for
specialist-dependent data entry system and/or the integration
into the medical devices, and software packages used in each
of the subspecialities.

The showcase for validation and valorisation of the
EuHealthNet project, all through the project, is diabetes,
implemented in different sectors to further enhance the com-
plexity of the system: (1) Diabetic Pregnancy Network, (2)
Diabetic Kids Network, and (3) Diabetic Network.

Main innovations claimed by EuHealthNet
The EuHealthNet technology has a differentiated solution 
that delivers a full eHealth Network, around the patient,
which includes modules for all the participants in the health
care community: patients, hospitals, clinics community level
and private), other health care providers. Within this solution
we integrated two major centers of information and research:
the Online Research Centre and the Online Information
Centre.

Online Research Centre
The Online Research Centre, supported by the common very
secure anonymous database, allows hospitals and physicians

Figure 58.2 The consortium involved with EuHealthNet.
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to perform their own analysis and combine and compare
results with each of the other institutes participating in the
local network, to reach the most comprehensive conclusions
and enable development of new treatments on behalf of the
patients.

Online Information Centre
The Online Information Centre, integrated within the
patients personal medical files, allows:

• Patients and their health care providers complete awareness
and involvement in the patient’s medical condition

• The commercial companies to directly expose their drugs,
new technologies, and new medical devices to the patient,
whenever the file is reviewed (only with the patient’s per-
mission)

• In the future when the product is commercialized, with the
help of the anonymous data base, commercial companies
using the network, of course anonymous use (ONLY super-
vised by ethics committees), the ability to improve the qual-
ity and efficiency of their specific products (e.g.,
manufacturers of types of drugs, pumps, meters, sensors,
ultra sound monitors, etc.), and have a unique opportunity
to build an anonymous registry of users, and address them
in the commercialisation phase with the patients’ permis-
sion) in targeted advertising

A patient’s portal is used to improve consumer access to
personal and customized health information, providing
secure health information via the Internet, the phone, PDAs,
smart card, GSM SIM cards, etc. The portal enables author-
ized beneficiaries to have access to information about the
health care services they receive, as well as have full access to,
information related to their physical condition, through the
Information Centre capabilities, which makes part of the net-
work. The portal includes online training for illiterate com-
puter users.

Challenges and expectations facing countries’ health
sectors and the role of e-Health

• Health care systems have to face major challenges.
• There are increasing expectations of citizens who 

want the best care available, and at the same time to experi-
ence a reduction in inequalities in access to good health
care.

• Increasing mobility of patients and health professionals
within a better functioning internal market.

• There is a need to reduce the so-called ‘disease burden’, and
to respond to emerging disease risks (for example, new
communicable diseases like SARS).

• The difficulties experienced by public authorities in 
matching investment in technology with investment in the
complex organizational changes needed to exploit its
potential.

• The need to limit occupational accidents and diseases, to
reinforce well-being at work and to address new forms of
work-related diseases.

● Management of huge amounts of health information
that need to be available securely, accessibly, and in a
timely manner at the point of need, processed efficiently
for administrative purposes,

● The need to provide the best possible health care under
limited budgetary conditions.

eHealth: systems and services that benefit
the health sector
eHealth systems and services combined with organisational
changes and the development of new skills are key tools to face
these major challenges. They can deliver significant improve-
ments for access to care, quality of care, and the efficiency and
productivity of the health sector.

The amount and complexity of health-related informa-
tion and knowledge has increased to such a degree 
that a major component of any health organization is 
information processing. The health sector is clearly an 
information intensive sector that increasingly depends on
information and communication technologies. These 
technologies are supporting progress in medical research,
better management and diffusion of medical knowledge,
and a shift towards evidence-based medicine. e-Health 
tools support the aggregation, analysis and storage of clinical
data in all its forms; information tools provide access to 
the latest findings; while communication tools enable collab-
oration among many different organizations and health 
professionals.

Empowering health consumer: patients and healthy
citizens
Both as patients and as healthy citizens, people can benefit
from better personal health education and disease prevention.
They need support in managing their own diseases, risks –
including work-related diseases – and lifestyles. A growing
number of people are looking proactively for information on
their medical conditions. They want to be involved actively in
decisions related to their own health, rather than simply
accepting the considerable discrepancy (‘asymmetry’) in
knowledge between themselves and health professionals. e-
Health services provide timely information tailored to indi-
viduals in need.

Personalized systems for monitoring and supporting
patients are also currently available; examples include wear-
able or implantable communication systems for continuous
monitoring of patients’ heart conditions. These systems can
help shorten or completely avoid patient stay in hospitals,
while ensuring monitoring of their health status.

Having access to comprehensive and secure electronic
health records has been shown to improve quality of care and
patient safety. This will facilitate appropriate treatment of
patients in providing health professionals with a better knowl-
edge of the patient’s history and of previous interventions by
other colleagues. If interoperable, given patient mobility,
electronic health records will also improve conditions for
treatment in other countries.

450 Introduction to technological disease-management tools and eHealth networks
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Assisting health professionals
e-Health tools and applications can provide fast and easy
access to electronic health records at the point of need. They
can support diagnosis by non-invasive imaging-based sys-
tems. They support surgeons in planning clinical interven-
tions using digital patient specific data, provide access to
specialized resources for education and training, and allow
radiologists the possibility to access images anywhere. Thus,
the workplace is being redefined and extended. Digital data
transfer enables more effective networking among clinical
institutions across Europe, and the creation of a European
network of centers of reference. Electronic health records also
enable the extraction of information for research, manage-
ment, public health or other related statistics of benefit to
health professionals.

Supporting health authorities and health managers
Health authorities and managers are responsible for the
proper organization and running of health systems. They do
this against the background of increasing budgetary pressures
and rising patient expectations. e-Health systems can play a
major part in meeting those pressures by making the health
sector more productive, and delivering better results with
fewer resources. Unfortunately, the currently available paper-
based information aggregation and processing has major lim-
itations.

Integrated and comprehensive data can be provided in
good time using e-Health tools; such as electronic health
records and support for care flow management. Automatic
data extraction from electronic health systems that operate
according to standards and countries’ legal requirements 
on data protection and privacy could provide missing data
that facilitates proper evaluation of much needed resources
and eradicates the huge administrative burden of filling in
separate forms for reimbursement, a clear example of a pro-
ductivity gain to be achieved through e-Health systems and
services.

e-Health systems can empower managers by spreading best
practices and helping to limit inefficient and inappropriate
treatment. This is the single most important step in releasing
resources and ensuring broad access for everyone to quality
care. In addition, e-Health opens new opportunities for
people who live in remote areas with only limited health care

services, as well as marginalized groups (such as persons with
different degrees of disability, whether minor or more severe).
e-Health is already proving in the Western and developing
world that it can provide a platform for telemedicine services
such as tele-consultations (second medical opinion); tele-
monitoring; and tele-care, either in the home or the hospital.

Conclusions
It is no exaggeration to declare that the years to come portend
the ‘decade of health information technology’.58 Health care IT
in not a panacea for all that ails medicine, but it has the poten-
tial to improve the quality of care as well as the personal expe-
rience for patients.

It may seem difficult and cumbersome to establish an epi-
demiological surveillance system for diabetes in pregnancy.
Rather it is a matter of organizing available data than search-
ing for new data collection mechanisms, and extending its use
to the epidemiological dimension. An epidemiological surveil-
lance system could be attained by provision of routinely col-
lected and aggregated data by centers providing obstetrical
and neonatal care for pregnant diabetics and their infants. If
diabetes and pregnancies are considered public health issues,
it is strongly recommended that epidemiological models
should be further developed and implemented at various
levels of services to provide data for the dimensioning of the
current and future diabetes care systems. Benefits of the sur-
veillance system should be clearly articulated: (1) utilization of
perinatal performance indicators related to subset of diabetic
pregnancies in situation analysis, and for comparison with
general population; (2) benchmarking and aid to target set-
ting; (3) identification of areas of particular concern in terms
of need for improved management; (4) forecasting of trends
in gestational diabetes prevalence; (5) implementation of
St Vincent Declaration. Critical attention should be given to
database design, data sources and its validity, methodologies
and interpretation of findings, its implication for clinical 
practice.

When combined with organizational changes and the
development of new skills, eHealth can help to deliver better
care for less money within citizen-centered health delivery sys-
tems. It thus responds to the major challenges that the health
sector is currently facing.
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Introduction
For a woman with diabetes to decide whether and when she
desires to become pregnant is not simply a question of
choice. A planned or unplanned pregnancy can have lifelong
implications for her own health and most importantly for
the health of her future child. Whether she has Type 1, Type
2 or prior gestational diabetes mellitus (GDM), optimizing
her health prior to pregnancy should be a primary educa-
tional and medical goal promoted by her health care
providers. Pregnancy planning can reduce her risk for elec-
tive abortion by offering her reliable methods to prevent
conception or for spontaneous abortion by enabling her to
plan a pregnancy in good glycemic control. Her own risk of
developing serious medical complications such as ketoacido-
sis, accelerated retinopathy or proteinuria can similarly be
reduced by controlling her medical problems prior to con-
ception. Lastly, her risk of giving birth to an anomalous
infant can be reduced by achieving euglycemia at conception
and during embryogenesis. The risk of major congenital
anomalies in offspring of women with Type 11 and Type 22

diabetes has been shown to be increased by up to 20–25%,
and to be more than doubled (>5.5%) in GDM3 when initial
fasting glucose levels were >120 mg/dL. Achieving euglyemic
control prior to and early in pregnancy has been shown to
normalize rates of congenital malformations in women with
Type 1 diabetes.4 In the woman with GDM, there may be an
additional long-term health benefit in avoiding pregnancy: a
subsequent pregnancy has been shown to increase their risk
of subsequent diabetes c. 3-fold.5 Periodic testing for dia-
betes, regardless of the contraceptive method used, is recom-
mended in all women with prior GDM,6 especially prior to a
subsequent pregnancy.

This chapter will discuss methods with a low failure rate,
specifically combination oral contraceptives, progestin-only
oral contraceptives, longer acting (injectable and implantable)
hormonal methods and the intrauterine devices (IUD), in
women with diabetes. Barrier methods will not be addressed,
as they are metabolically neutral and have no medical con-
traindication to their use except for their significantly higher
failure rates.

Hormonal contraceptives
The formulation, dosage and route of delivery all influence the
various metabolic and endocrine effects of hormonal contra-
ceptive methods in diabetic women. The first question to con-
sider is whether estrogen-containing oral contraceptives
should be prescribed. Estrogen is always prescribed in combi-
nation with pro-gestins and most commonly as a combination
oral contraceptive. More recently, it has become available in
combination with progestins delivered via intramuscular or
transvaginal routes. Estrogen beneficially decreases the rate of
breakthrough bleeding, thus increasing patient continuation
of oral contraceptives. However, estrogen stimulates hepatic
globulin production in a dose-dependent fashion. It produces
an increase in angiotensinogen II levels, which in turn pro-
duces a slight but significant increase in mean arterial blood
pressure,7 and an increase in coagulation factors which
thereby increases thromboembolic risk.8 Estrogen also
increases high-density lipoprotein and triglyceride levels,
while decreasing low-density lipoprotein levels.9 Important
for the care of diabetic women, estrogen does not have any sig-
nificant effect on carbohydrate metabolism.10 In the general
population these metabolic effects of combination oral con-
traceptives are subclinical and have been minimized by a
steady decrease in ethinyl estradiol dosage in pill preparations.
Currently, the lowest combination oral contraceptive prepara-
tions contain 20 mg of ethinyl estradiol. In women with med-
ical conditions, generally the lowest dose preparations should
be prescribed to minimize metabolic side effects, unless other
medical conditions dictate otherwise. Estrogen- containing
oral contraceptives should be avoided in women with hyper-
tension or a history of thromboembolic disease.

If estrogen prescription is contraindicated, a progestin-
only method should be selected. Progestin-only methods can
be delivered via the oral, intramuscular, subcutaneous or
intrauterine route, each with advantages and disadvantages.
While progestins have a neutral effect on blood pressure7 and
coagulation factors,8 they adversely decrease glucose toler-
ance, increase insulin resistance and increase low-density
lipoprotein levels parallel to the dose and potency of the prog-
estin formulation.11 Thus, similar to estrogen, the lowest dose
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and least ‘androgenic’ progestin formulation should be
selected in diabetic women.

Combination and progestin-only oral
contraception
Type 1 and Type 2 diabetes
In diabetic women, formulations which contain the lowest dose
and potency of progestin should be selected to minimize dete-
rioration in glucose tolerance11,12 and lipid metabolism.9 These
include the newer, less androgenic progestins or lower dose
preparations containing the older progestins. Prospective stud-
ies with 1-year follow-up have shown combination prepara-
tions with low doses of older progestins, either norethindrone
(£0.75 mg mean daily dose) or triphasic levonorgestrel prepa-
rations, or newer progestins (gestodene, desogestrel) to have
minimal effect on diabetic control, lipid metabolism13–15 and
cardiovascular risk factors.16,17 All preparations examined in
these studies also contained a low estrogen dosage (£35 mg).
The progestin-only oral contraceptive, containing 0.35 mg of
norethindrone, has also been similarly studied in diabetic
women and found to have no significant effect on carbohydrate
or lipid metabolism.15

While recent short-term studies have shown oral contra-
ceptive use to be safe in women with Type 1 diabetes, no long-
term, prospective studies have been done which evaluate their
effect on diabetic sequelae. While one older retrospective
study suggested that thromboembolic disease may be acceler-
ated by combination oral contraceptive use,18 newer studies,
which control for underlying risk factors, have not. Studies
have not found any increased risk of or progression of diabetic
sequelae (retinopathy, renal disease or hypertension) with past
or current use of oral contraceptives.19,20 In a case–control
study, young women with Type 1 diabetes who either used 
or had never used oral contraception were followed for up to
7 years. There was no difference in the mean glycosylated
hemoglobin levels (HbA1c), the mean albumin excretion rates
or retinopathy scores.20 Similarly, in a cross-sectional study of
384 women with Type 1 diabetes, no association was found
between the use of oral contraceptives, either current, past or
present, and the severity of retinopathy, hypertension or
HbA1c levels when the known risk factors for diabetic seque-
lae were controlled for.19

The reluctance to prescribe oral contraceptives in diabetic
women stems from the increase in cardiovascular complica-
tions and hypertension associated with both diabetes and
older preparations of combination oral contraceptives.
Current evidence from short-term trials in healthy
women9,21–24 have failed to find an association between cardio-
vascular risk markers and low-dose combination oral contra-
ceptives. Furthermore, large, prospective cohort trials of
healthy women have found no evidence for any excess risk of
myocardial infarction with the use of low-dose oral contra-
ceptives.25–29 The increased risk for cardiovascular events
appears to be related to their diabetes and not to oral contra-
ceptive use. A recent multicenter, case–control study, examin-
ing acute myocardial infarction in women between the ages of

20 and 44, found that the use of combined oral contraceptives
was associated with an increased risk of acute myocardial
infarction in women with known cardiovascular risk factors,
especially in those with hypertension.29 Similarly, the risk of
cerebral thromboembolism in young women has been related
to known risk factors for stroke and not to combination oral
contraceptive exposure. In a case–control study examining
almost 500 women, aged 15–44, with documented cerebral
thromboembolism, diabetes, prior thromboembolic disease,
hypertension and migraine headaches were significantly asso-
ciated with cerebral thromboembolism, but not the use of
combination oral contraceptives.30

In summary, of the current available data, low-dose com-
bination oral contraceptives can be used in diabetic women.
The lowest dose/potency of both estrogen and progestins
should be selected. In diabetic women with coexisting vascu-
lar disease, progestin-only oral contraceptives are preferred,
because of the lack of effect of progestin on coagulation or
blood pressure.

Currently, there are no studies examining either the retro-
spective use or the short-term prospective use of oral contra-
ceptives in women with Type 2 diabetes. In the absence of
studies, and given the generally safety of low-dose oral contra-
ceptives, the guidelines suggested for prescription in women
with Type 1 diabetes should be followed.

Women with Type 1 or Type 2 diabetes using oral contra-
ceptives should be monitored more frequently than others for
changes in blood pressure and weight. A baseline evaluation of
weight, blood pressure, and fasting lipids are recommended.
Consultation between the woman’s internist/primary care
physician and her gynecologist should occur to establish a
monitoring program which involves both specialists. Her
gynecologist should be aware of her diabetic therapy, home
glucose monitoring regimen and any vascular sequelae, while
the internist should be aware of the type of birth control and
specific metabolic side effects. Blood pressure, weight, and
glycemic parameters should be established. After 1 month and
every 4–6 months thereafter the patient should return for
blood pressure and weight measurements, as well as for evalu-
ation of glycemic control. Lipids should be reassessed annually
in diabetic women and more frequently if abnormal values are
detected, following standard guidelines.31

Prior history of GDM
Over half of women with a history of GDM will develop dia-
betes, primarily Type 2, in their lifetime.6,32 Their risk for sub-
sequent diabetes varies and parallels the background rates for
Type 2 diabetes for their ethnic group.33,34 Periodic testing
every 1–3 years for diabetes is recommended in women with
prior GDM.6 Testing should be done after delivery and prior
to a subsequent pregnancy, as undiagnosed diabetes and
untreated hyperglycemia,2 which is often asymptomatic, has
been associated with an increased risk for major congenital
malformations. Additionally, recent evidence suggests that a
subsequent pregnancy after a pregnancy complicated by
GDM may be diabetogenic. In a cohort of Latino women, a
second pregnancy following GDM was shown to triple the
risk of subsequent diabetes.35 Thus, women with prior GDM
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need effective contraception that does not accelerate their
already increased risk of developing diabetes.

For the same reasons as in women with Type 1 and Type 2
diabetes, the lowest dose and potency progestin and estrogen
combination oral contraceptive should be selected, in order to
minimize adverse deterioration in glucose tolerance, lipid
metabolism, and blood pressure effects. Combination oral
contraceptives with low-dose/potency progestins have been
shown, in short-term studies, to have no adverse effect of on
glucose and lipid metabolism.36–38 Recently, in a longer retro-
spective follow-up of 904 women with prior GDM, the long-
term use of low-dose/potency progestin combination oral
contraceptives had no effect on cumulative incidence rates of
diabetes. After 3 years of uninterrupted use of the combina-
tion oral contraceptive, the diabetes rate (25.4%) was almost
identical to non-hormonal forms of contraception (26.5%).39

However, breastfeeding women who were using the progestin-
only oral contraceptive had an almost a threefold increase in
the risk of development of diabetes, which was further
increased with the duration of uninterrupted use.29 Thus, the
progestin-only oral contraceptive should not be given to
women with prior GDM who are breastfeeding. In breastfeed-
ing women either a non-hormonal method or a low-dose
combination oral contraceptive can be initiated 6–8 weeks
postpartum, after the establishment of lactation. It is not clear
whether the use of progestin-only oral contraceptives in non-
breastfeeding women with prior GDM has any adverse effect.

Evidence supports the use of low-dose/ potency progestin
combination oral contraceptive use in women with prior
GDM. As these preparations do not accelerate the develop-
ment of diabetes, routine testing for diabetes using fasting
plasma glucose levels should be performed every 1–3 years,
regardless of the contraceptive method used.6 A confirmed
fasting plasma glucose level ≥126 mg/dL is diagnostic of
diabetes, and a fasting plasma glucose level ≥110 mg/dL and
<126 mg/dL is diagnostic of impaired fasting glucose.40

Long-acting hormonal methods
The two long-acting preparations that have been in use for
some time contain progestational agents only; one, depo-
medroxyprorgesterone acetate (DMPA), is delivered via injec-
tion and the other as a subdermal implant containing
levonorgestrel (Norplant; recently withdrawn from the US
market). Currently, no studies address the use of either DMPA
or levonorgestrel implants (Norplant) in women with diabetes
or prior GDM. However, data regarding thier effect on carbo-
hydrate metabolism in healthy women are available. Norplant
has been shown to have no significant effect on carbohydrate
metabolism during its 5-year insertion period in healthy
women.41 In contrast, DMPA injections significantly increase
fasting and post-glucose challenge levels of both insulin and
glucose.42,43 Recently, in Navajo women, who as an ethnic
group are at high risk for diabetes, the use of DMPA contra-
ception for ≥1 year was associated with an 8-fold increased
risk in the development of Type 2 diabetes compared to com-
bination or progestin-only oral contraceptives.44 DMPA con-
traception has also been associated with increased weight

gain,45 which is undesirable in women with Type 2 diabetes or
with prior GDM. Thus, if contraindications to estrogens exist,
a progestin-only oral contraceptive would be preferable, based
on their demonstrated safety in women with Type 1 diabetes.15

In select patients where compliance is a problem, strong con-
sideration should be given to the IUD.

New progestin-only implant products, one containing lev-
onorgestrel (Norplant II)46 and another containing 3-ketodes-
ogestrel (Implanon),47 may provide alternative choices as
studies become available. Also, long-acting combination hor-
monal methods will offer new alternatives. A monthly combi-
nation contraceptive injection containing estradiol cypionate
and MPA has recently become available, but information
regarding its effect on carbohydrate metabolism is lacking.48

Similarly, hormone-releasing vaginal rings deliver sustained
release of etonogestrel and ethinyl estradiol in lower dosage
and serum concentrations than when taken orally.49 Again, in
the absence of data, these methods remain second-line
choices. They should only be prescibed if similar guidelines
for periodic monitoring of glycemia and lipids are followed.

Intrauterine devices
The legacy of the Dalkon Shield intrauterine device (IUD) was
to associate IUD use with pelvic inflammatory disease (PID),
a complication that in diabetic women could precipitate life-
threatening ketoacidosis. Physicians caring for diabetic
women have since been reluctant to prescribe the IUD. This
misconception is being slowly reversed. Studies have shown
that the development of pelvic inflammatory disease and 
subsequent tubal infertility were not related to the use of the
IUD, per se, but the exposure risk for sexually transmitted dis-
ease.50–52 Newer copper-medicated IUD, currently on the
market, have not been associated with any increase in risk of
PID after the post-insertion period. In a large meta-analysis
involving almost 60,000 women-years of copper-medicated
IUD use, the overall incidence of PID associated with IUD use
was 1.6/1000 women-years of IUD use.53

Similarly, none of the studies examining copper-med-
icated IUD use in diabetic women with either Type 154,55 or
Type 256 diabetes have found any support for an increased
risk of PID. In two controlled trials examining copper-med-
icated IUD use in healthy and Type 1 diabetic women, fol-
lowed for 154 or 355 years, there were no cases of PID. The
rates of perforations, failure, expulsion, pain, and discontinu-
ation were not different between diabetic and healthy control
women. Similarly, in a 3-year uncontrolled study in women
with Type 2 diabetes, no cases of PID were found.56 In fact, no
study which has examined IUD use in diabetic women,54–59

has found any demonstrable increase in PID. However, cau-
tion must be exercised. The risk of PID is extremely low with
use of medicated IUDs in the general population, making it
highly unlikely that large enough studies can ever be con-
ducted in diabetic women to demonstrate the absence of any
increase in risk.60

In addition to the copper-medicated IUD, a levonorgestrel-
releasing IUD provides an excellent alternative. It can be con-
sidered a hybrid of a long-acting hormonal method and an
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IUD. The levonorgestrel-releasing IUD has been extensively
used during the past decade and provides extremely effective
contraception with a 5-year cumulative failure rate of 0.71/100
women.61 The IUD provides sustained low-dose (20 mg daily)
release of levonorgestrel, which inhibits pregnancy by thicken-
ing the cervical mucus,62 and by inhibiting motility and func-
tion of sperm,63 rather than by inhibiting ovulation. The high
levels of levonorgestrel released into the endometrium
decreases menstrual bleeding and atrophies the uterine
lining.64,65 This effect would be a desirable benefit in obese,
Type 2 diabetic women, who tend to be parous, older and at
higher risk of endometrial cancer.

In summary, either the copper-medicated or lev-
onorgestrel-releasing IUD provide excellent long-term preg-
nancy protection, and their use should be encouraged in
women with overt diabetes and prior GDM. General gynecol-
ogical principles should be followed for proper patient selec-
tion, insertion, and monitoring of IUD use. Ideal candidates
are parous, without a history of PID and at low risk for sexu-
ally transmitted disease. General prophylaxis with insertion or

removal has not been shown to provide any benefit and is not
indicated.

Conclusions
Women with either Type 1 or Type 2 diabetes or prior GDM
can be offered several contraceptive options, which when
properly selected and closely monitored do not accelerate
their disease process or affect their medical therapy. Their con-
traceptive choice should address their individual lifestyle pref-
erences as well as their state of health and possible pregnancy
plans. Consultation and coordinated medical care between
their internists and gynecologists should occur. Most impor-
tantly, each diabetic or potentially diabetic woman needs to be
educated and be an active participant in her pregnancy plan-
ning, which allows her to choose either to avoid conceiving or
to time her pregnancy to meet personal and health reasons.
This can only happen when she is provided with an effective
contraceptive method.
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Hormone replacement
therapy and diabetes
Bari Kaplan, Michael Hirsch and Dov Feldberg

Introduction
After the onset of menopause, the average woman in devel-
oped countries lives for nearly 30 years in an estrogen-defi-
cient state. Both estrogen and progesterone affect cells
response to insulin. This response, in turn, affects the level of
blood glucose. Unfortunately, less than 20% of these women
receive any form of treatment.1

The use of postmenopausal hormone replacement therapy
(HRT) poses one of the most difficult health care decisions
women face today. HRT offers well-established benefits,
including alleviation of vasomotor symptoms, management of
urogenital atrophy and libido decline, and prevention of
osteoporosis and fractures. It may also provide a cardiovascu-
lar protective effect, reduce the risk of colorectal cancer2 and
lower overall mortality rates.3,4 However, concerns regarding
the safety of HRT have recently been raised.5

HRT is prescribed less often for women with diabetes than
for nondiabetic women.6–10 The reasons for this is unclear,
although fear of adverse effects among both patients and
physicians may play an important role. Many cautions are
included in the product literature and, until recently, both dia-
betes and hypertension were listed as contraindications in the
British National Formulary.11 In addition, studies have shown
that women 65 years of age or older with chronic medical dis-
ease tend to be under treated for other, unrelated, disorders.12

Carbohydrate metabolism and aging
The prevalence of Type 2, or noninsulin-dependent, diabetes
increases with age,12–14 affecting c. 20% of individuals more
than 65 years old. Older individuals with Type 2 diabetes tend
to be leaner than younger ones. Most studies demonstrate an
age-related increase per decade of 10–20 mg/L in fasting glu-
cose concentrations and c. 150 mg/L in postprandial glucose
concentrations.12–15 This is accompanied, on average, by a
small increase in fasting hepatic glucose output, impaired
noninsulin-dependent glucose disposal,12,13 and less insulin
release in the early and late phase after glucose challenge.16

The distribution of insulin moieties also appear to shift with
age.17 Other endocrine changes, particularly in adrenal func-
tion, may contribute to this process.12

Obesity, fat distribution, and body composition also alter
with age. Generally, fat mass increases until about the age of
65 and then it begins to decrease.18 Lean body mass decreases
steadily from the fifth or sixth decade onward. In women,
adiposity tends to concentrate in the abdomen (central obe-
sity). Obesity itself increases insulin resistance, and the
emerging dyslipidemia and disturbances in the coagulation
system.

The weight gain and altered body composition are, in
turn, affected by changing habits in dietary intake and phys-
ical activity with aging, which alone may play a role in
increasing insulin resistance. Individuals with leaner body
mass have lower skeletal muscle volume, the main target
tissue that lowers plasma glucose concentrations in reaction
to insulin.

Effects of menopause on
carbohydrate metabolism
Type 2 diabetes occurs more often in women than men in the
older age group. Whether menopause contributes to this dif-
ference remains unclear because the discrimination of changes
associated with menopause from those due to aging is diffi-
cult. Any changes observed in individual women followed
through menopause will be influenced by aging and, given the
extended duration of the perimenopause, such studies are
extremely difficult to undertake.

No effect of menopause on fasting plasma glucose levels
was found in women who became postmenopausal during the
course of the Framingham Study.19 Similarly, there was no
effect of menopause on fasting or on the 2-h oral glucose tol-
erance test (OGTT) glucose, or insulin levels, in the prospec-
tive study of Matthews et al.20

Nevertheless, menopause is associated with many charac-
teristics of the insulin resistance syndrome, including
increased cardiovascular morbidity and mortality, and accre-
tion of generalized and visceral adiposity. Reduced lean body
mass, sedentary lifestyle and, possibly, reduced estrogen-
dependent blood flow to skeletal muscles, may result in
decreased peripheral glucose uptake, impaired insulin secre-
tion and increased insulin resistance.

60
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Some insight into whether menopause affects insulin and
glucose metabolism may be gained from experimental studies
of the effects of estrogen and progesterone. Early studies con-
sistently demonstrated increased pancreatic insulin secretion
in response to glucose in animals treated with estrogens,21–23

similar observations were subsequently made in islet cells iso-
lated from estrogen-treated animals.24–26

Estrogen and progesterone may augment the pancreatic
insulin response to glucose. However, estrogen apparently
increases the sensitivity of insulin-dependent metabolic
processes, such as tissue glucose uptake and lipid synthesis, to
insulin,27–29 whereas progesterone has the opposite effect.30–32

Therefore, menopause might be expected to result in some
reduction in pancreatic insulin output and deterioration in
glucose tolerance, but the effects on insulin sensitivity are likely
to depend on the relative contributions of the two hormones.
It is conceivable that insulin sensitivity might increase with the
reduction in progesterone concentrations at menopause.

Effects of diabetes mellitus on
postmenopausal women
Women with Type 1 diabetes frequently go through
menopause at an earlier age, in average age of 41.6 years than
nondiabetic women with an average age of 49.9 years.33

Diabetes mellitus (DM) was found to be associated with an
increase in uterine size in postmenopausal women.34 In addi-
tion, the relative risk of endometrial cancer in diabetic women
is 4-fold higher than in nondiabetic women.27,35 The risk of
endometrial cancer also increases with the use of unopposed
estrogen in non-hysterectomized women36 and is reduced
with the use of cyclical or continuous progestins.37–39

Women become more prone to urinary and vaginal infec-
tions during and after menopause, this problem is greater in
women with diabetes.40 Over the course of 2 years, women
with diabetes were 1.5 times as likely to have a urinary tract
infection with symptoms and twice as likely to have one with-
out symptoms as women without diabetes were. Both risks
were higher in women who took insulin and women who had
had diabetes for at least 10 years.

According to most studies, Type 2 diabetes is associated
with high bone mineral densities (BMD)41,42 and Type 1, or
insulin-dependent diabetes, with decreased BMD. The
prospective Iowa Women’s Health Study of >30,000 women
revealed that women with Type 1 diabetes were 12.25 times
more likely to have an incident hip fracture than nondiabetic
women; the relative rate for women with Type 2 diabetes was
only 1.7.43 Most studies have reported no consistent relation-
ship between metabolic control of diabetes and BMD.

Possible mediators of the osteopenia are microangiopathy
at the bone tissue, and changes in insulin, insulin-related
growth factors (IGF) and other cytokines involved in bone
metabolism.44 Recent studies have also tentatively attributed
the higher incidence of hip fractures in Type 1 diabetics to the
absence of amylin, a 37-amino-acid polypeptide normally
secreted by the pancreatic beta cells. Amylin binds to calci-
tonin receptors, lowers plasma calcium concentrations,

inhibits osteoclasts and stimulates osteoblasts.45 Leptin may
play a role in bone regulation in Type 2 diabetes.

Effect of HRT on carbohydrate
metabolism
In nondiabetic postmenopausal women, HRT seems to have no
increased effect on future diabetic risk. Gabal et al.46 reported no
change in the age-adjusted relative risk of developing Type 2 dia-
betes in postmenopausal women followed for 11.5 years.
Similarly, in a prospective follow-up study of 12 years, Manson 
et al.47 noted no increase in the incidence of Type 2 diabetes
among past users of HRT; the relative risk (RR) in current users
was 0.8 (RR 0.67–0.96). These findings did not change signif-
icantly after multivariate adjustment for age, body mass index
(BMI), family history of diabetes and coronary risk factors.
Accordingly, one 10-year literature review found no com-
pelling evidence for a reduced risk of diabetes in women
treated by HRT.48

HRT reportedly contributes to the control of glucose levels.
The Women Health Initiative (WHI) study, have shown that
healthy postmenopausal women who took combined conju-
gated equine estrogen (CEE)/ medroxyprogesterone acetate
(MPA)49 or CEE alone,50 develop diabetes at a lower rate than
women who did not take hormones. Hazard ratio was 0.79
(95% CI 0.67–0.93, P = 0.004) for the combined treatment and
0.88 (95% CI 0.77–1.01, P = 0.072) in the only estrogen treated
women. These data suggests that combined therapy with estro-
gen and progestin reduces the incidence of diabetes, possibly
mediated by a decrease in insulin resistance unrelated to body
size.49 Postmenopausal therapy with estrogen alone may reduce
the incidence of treated diabetes. However, the effect was
smaller than that seen with estrogen plus progestin.50 Similar
results were also obtained in several other well controlled stud-
ies. In the Heart and Estrogen/progestin Replacement (HERS)
study data,51 a randomized double blind placebo controlled
HRT trial in women with coronary heart disease, treatment by
combined continuous CEE/MPA in non DM women, fasting
glucose remained unchanged in the treatment group but
increased significantly in the placebo treated women. Likewise,
Incidence of DM was 6.2% in the treated group versus 9.5% in
the placebo. The calculated relative hazard to develop DM was
0.65 (95% CI 0.480–0.89, P = 0.006) and the number needed to
treat to prevent a single case of DM was 30 (95% CI 18–103).

Calculated insulin resistance (HOMA-IR) was reduced by
12.9% for HRT compared to controls, fasting glucose by 2.5%,
and fasting insulin by 9.3%, in nondiabetic postmenopausal
women.52 Os et al.53 investigated 99 women treated by trans-
dermal beta-estradiol for 1 year combined by 14 days of MPA
every 3 months. Insulin sensitivity increased during the only
estrogen treatment period but this effect was negated by the
adding of MPA. In another study,54 in 30 women treated by
sequential E2/NETA compared to placebo during 6 months, a
steady decline in insulin sensitivity was observed, however, in
parallel to that observed in the placebo group. The reduced
insulin sensitivity may be explained by doing all measure-
ments during the only estrogen treatment phase. In a cross
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sectional study of 427 postmenopausal women, only
CEE/MPA treatment did show a reduction in insulin resist-
ance if compared to placebo.55 No such effect was seen in the
E2/NETA, raloxifene or tibolone treated women. Contrarily,
in a prospective randomized control trial (RCT) on 71 non-
obese women treated with either CEE/MPA combined treat-
ment or placebo for one year, HRT was associated with
significantly worsening of insulin sensitivity.56

In diabetic postmenopausal women, HRT confers too, a
better control of carbohydrate metabolism. One study
reported lower glycosylated hemoglobin (HbA1c) levels (i.e.
greater glycemic control) in 14 overweight diabetic women
treated by HRT [2 months of CEE 0.625 mg, followed by com-
bined CEE/MPA 5mg than in an equal number of age- and
weight-matched untreated women.57 The treated women also
showed a reduction in total cholesterol, but no change in
triglyceride (TG), fasting glucose or insulin concentrations.
These findings were confirmed in another study wherein
short-term (6 weeks) oral estradiol was administered to
women with Type 2 diabetes.58 In a retrospective study of c.
15,000 women with Type 2 diabetes in northern California,
glycemic control improved to an equal degree with either
estrogen or estrogen–progestin replacement therapy.59

Somewhat different conclusion was derived from studies
conducted with HRT in American Indians, who have a partic-
ularly high prevalence and incidence of the disease. The
Strong Heart Study (SHS), which investigated 13 tribes in
three geographic areas, noted a 40–70% prevalence of Type 2
diabetes in women aged 45–74.60 Postmenopausal estrogen
therapy led to a reduction in fasting glucose but was associated
with deterioration in glucose tolerance. The authors con-
cluded that long-term use of estrogen use may increase the
risk of Type 2 diabetes.

It may be concluded that although most of the data sup-
port a positive effect of HRT on glucose metabolism in both
diabetic and nondiabetic postmenopausal women, the ulti-
mate results depends on the population being studied and
characteristics of the HRT.

Hormone replacement therapy in the
diabetic patient
Traditionally, the prevention of severe renal disease and
retinopathy has been the primary target in the long-term man-
agement of diabetes. It seems that HRT carries neutral effect
toward these goals. In a 10-year follow-up of women with late-
onset diabetes, HRT use was found to be unrelated to the sever-
ity of retinopathy or the incidence of macular edema.61 In
another study, 6 months of CEE/MPA treatment failed to reverse
micro-albuminuria in postmenopausal diabetic patients.62

Effect of HRT on cardiovascular risk
Diabetes is a major risk factor for coronary heart disease
(CHD) in women and event rates increase substantially after
menopause. Older individuals with diabetes are more prone to
cardiovascular and peripheral vascular complications than

older individuals without diabetes, and they have a poorer
prognosis in the presence of these complications.13

This risk is greater in women than in men. Many observa-
tional studies have shown that HRT reduces mortality due to
coronary heart disease (CHD) by c. 50%; however, this has not
been confirmed in RCT. Two long-term prospective random-
ized studies, the HERS63 and the WHI,64 suggested that HRT
may actually increase the risk of coronary vascular disease. This
was particularly true during the first year after the initiation of
hormonal treatment. Therefore, HRT is not currently indicated
for the primary or secondary prevention of CHD. However, it
is important to note, that, among younger healthy post-
menopausal women, aged 50–59 years at baseline, a tendency
for reduced CHD was observed during a 7-year period of CEE
only treatment.65 In diabetic women specifically, there are, at
present, no long-term studies. The many short-term studies
infer that HRT may have beneficial effects on glucose home-
ostasis, the lipid profile and fibrinolytic activity, all compatible
with the prevention of CHD. A recent study suggested that
women with Type 2 diabetes may stand to benefit more from
any HRT cardioprotection than their nondiabetic counterparts
because of their higher absolute baseline risk.66 Nevertheless,
the unknown effect of HRT on endometrial cancer and venous
thromboembolism, which occur more often in diabetic women
than in the general population, need to be considered.

Some of the inflammatory biomarkers should also be con-
sidered in regard to HRT in diabetics. C-reactive protein
(CRP), a marker of inflammation, is associated with increased
cardiovascular risk; its levels are increased in diabetes. Both
combined and estrogen only HRT, regardless of specific type
of preparation, cause a significant increase in the CRP concen-
tration.67 This has been also verified in Type 2 diabetic
women.68 However, levels of IL-6, another inflammatory bio-
marker of increased CHD, remained unchanged in nondiabet-
ics69 as well as in DM women during HRT.70

Effect of HRT on atherosclerosis
One case–control study reported an absence of adverse effects
of HRT on the risk of fatal and non-fatal myocardial infarc-
tions in diabetic women,71 and another 27 month observa-
tional follow-up study reported a positive impact of HRT,
with fewer myocardial infarctions in estrogen-treated com-
pared to untreated patients after percutaneous transluminal
coronary balloon angioplasty (PTCA).72 A larger cross-
sectional study on 623 postmenopausal women with diabetes
showed that atherosclerosis, as determined by the
intimal–medial wall thickness of the common and internal
carotid arteries, was reduced in the internal carotid in both
current and former users of HRT.73

Effect of HRT on vascular reactivity
Menopause and diabetes have independent and adverse
impacts on microvascular reactivity, as measured by forearm
cutaneous vasodilation in response to acetylcholine and
nitroprusside. HRT was found to improve this relaxation
response in both healthy and diabetic subjects.74 Another 
in vitro study conducted in patients with Type 2 diabetes given
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HRT for 6 months yielded similar results, demonstrating an
effect of HRT on both endothelium-dependent and -inde-
pendent mechanisms of vascular relaxation.75 Other studies
on vascular function failed to confirm beneficial effect of
HRT. In short term controlled study no significant effect of
HRT was shown during performance of isometric exercises or
intra-venous infusion of vasoactive substances. However,
mental stress induced blood pressure elevation, was moder-
ated by estrogen only treatment in the diabetic patients but
not in the nondiabetics.76 HRT also failed to reduce elevated
levels of endothelin-1, a natural vasoconstrictor, which is
characteristic of Type 2 diabetes.77 In a small prospective
study, low dose E2/NETA, failed to improve endothelial func-
tion in postmenopausal diabetics.78 Finally, there was no
effect on clinic or ambulatory blood pressure, arterial load
indexes or circadian blood pressure variations in the diabetic
group, as was anticipated according to such improvements
noted in nondiabetic women treated by HRT.79

Effect of HRT on the coagulation system
Short-term (3 month) treatment with oral estradiol in dia-
betic women led to a significant increase in tissue plasmino-
gen activator activity and, thereby, an improvement in
fibrinolytic activity.28 As observed by others, the increase in
tissue plasminogen activator activity was noted only when TG
levels were within the normal range.13 Other effects on the
coagulation system included a small reduction in antithrom-
bin level. There was no change in the levels of fibrinogen, the
von Willebrand factor, prothrombin, protein S or protein C, or
in resistance to activated protein C.80

Effect of HRT on blood lipids
Many studies show beneficial effect of HRT on lipid profile
in postmenopausal diabetic women. Data from a large
survey conducted between 1988 and 1994, presented a
better lipoprotein profile and glycemic control among cur-
rent HRT users postmenopausal diabetic women if com-
pared to never users or previous users of HRT.81 Overall,
HRT increased HDL cholesterol and reduced LDL choles-
terol, LDL/HDL ratio and lipoprotein-A compared to
placebo or no treatment. Combined HRT had no effect on
triglycerides.52 Recent data from the Diabetes Heart Study,68

related HRT use to a significant reduction of LDL choles-
terol levels in Type 2 DM patients. Apolipoprotein A1levels
are increased by c. 20% in diabetic subjects and can be
reduced by HRT.82 In one study, short-term oral estradiol
treatment of postmenopausal diabetic women increased
high-density lipoprotein (HDL) cholesterol and its subfrac-
tion HDL2 and apolipoprotein A1, whereas low-density
lipoprotein (LDL) cholesterol and apolipoprotein B levels
decreased.58,83 Andersson et al.,83 using a double-blind
crossover placebo-controlled design, investigated 25 post-
menopausal women with Type 2 diabetes treated with oral
estradiol. Blood tests performed after 68 days yielded a
decrease in blood glucose, HbA1c, total cholesterol and
LDL cholesterol and an increase of HDL cholesterol.83 A
study on combined continuous HRT compared to placebo

for 6 months84 revealed somewhat different results com-
pared to estradiol only treatment. Apo-lipoprotein A and B,
total cholesterol, LDL cholesterol, fibrinogen and fruc-
tosamin were reduced whereas; TG and HDL cholesterol
remained unchanged.

Usually, the effect of HRT in diabetic is milder, compared to
nondiabetic population. This was shown, in a large cross-sec-
tional population study, where HRT use was associated with
lower increase of HDL cholesterol and higher rise of triglycerides
(TG).64 No significant difference was observed in other lipemic
variables as LDL cholesterol and apolipoprotein A or B. Similarly,
data from the Strong Heart Study (SHS),85 a cross-sectional
analysis of diabetic and nondiabetic American Indian population
characterized by high prevalence of DM, showed that HRT in the
diabetics resulted in relative smaller changes if compared to the
effect on nondiabetics. HDL cholesterol was increased and plas-
minogen activator inhibitor (PAI) was reduced by the hormonal
treatment. No significant changes were noted in CRP, LDL cho-
lesterol and fibrinogen levels. Another cross-sectional study of
694 diabetic patients also showed that HRT (type and length of
treatment not specified) caused an increase in HDL cholesterol,
but to a lesser degree than in the nondiabetic control women,
resulting in proportionally lower levels of HDL, HDL2, and
HDL3 cholesterol. TG increased to a greater extent than in con-
trols. LDL cholesterol and apolipoprotein B decreased, and
apolipoprotein A increased to a similar degree in both groups.86

Effect of type and mode of 
delivery of HRT
Evaluating type and mode of delivery of HRT is quite cumber-
some. Whereas, some large RCT exists for postmenopausal
women in general, only relatively small studies were conducted
in diabetics. These too, are heterogeneous in the number of
women included in the study, duration of treatment and type
of risk factors being assessed. Timing of blood sampling during
the study also carries a significant effect, especially in cyclical
combined estrogen/progestin regime, where differences may
ensue between the only estrogen and the combined
estrogen/progestin phases of treatment. As for the nondiabetic
population, effect may be changed by nature of the hormonal
constituents and route of administration. Since the variability
of the estrogenic component is limited, CEE or E2, most of
the expected diversity will depend on the wide selection of
progestins available. Transdermal hormonal treatment differs
mainly by avoiding hepatic first pass of highly concentrated
blood hormones characteristic to the oral route. Whereas,
hysterectomized women are generally treated by estrogen
only regimen, combined estrogen/progestin treatment in
non-hysterectomized women can be administered as contin-
uous, cyclic or long cycle regime. Absolute dose and propor-
tions of each of the hormonal constituents also vary
significantly among HRT formulations. Nevertheless, an
effort is made to summarize existing data in the diabetic
menopausal population.

In diabetics, oral CEE only treatment reduced total and
LDL cholesterol and increased HDL cholesterol. There was
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some increase in triglycerides and reduction of fasting glucose
and HBA1c. There was an increase in coagulation factors
along with some augmentation of the fibrinolytic activity.87–89

No data was found for either oral or transdermal E2 only
treatments.

Adding continuous progestins to oral estrogens, mostly
CEE/MPA57,89 or E2/NETA90–92 usually resulted in a reduction
of total cholesterol and LDL cholesterol. Though, HDL choles-
terol remained unchanged instead of increasing as in estrogen
only treatment. No significant change was observed for
triglycerides, fasting glucose, inflammatory biomarkers, and
blood pressure measurements. Continuous combined
E2/NETA formulations reduced total cholesterol, triglycerides
and coagulation factors II, VIII and XI, while keeping LDL and
HDL cholesterol, fasting glucose, and plasminogen activity
unchanged.92,93 It was therefore hypothesized that the impact
of combined oral E2/NETA treatment on cardiovascular risk
factors in diabetic women is probably neutral.91

Cyclic combined oral HRT revealed variable effect depend-
ing probably on its progestin content. E2/NETA formulation94

was characterized by a decrease of total, HDL, LDL cholesterols,
triglycerides, factor VII, elastin, and HBA1c. Adding micronized
progesterone (MP) to E295 kept HDL cholesterol and triglyc-
erides still elevated like in the only estrogen treated women.

In transdermal estrogen treatment combined with either
cyclic transdermal NETA94 or oral MP95 neutralize effect was
seen for glycemic, lipemic, and coagulation variables. Adding
oral dedrygeston to trans-dermal E2 further reduced total 
cholesterol, LDL cholesterol, and HBA1c values.96 Adding con-
tinuous oral norethisterone acetate (NETA) to transdermal
estradiol in diabetics, significantly reduced CRP concentra-
tions.97

Most studies report that oral estradiol and transdermal
estrogen have no adverse effect on insulin resistance.98 A few
trials have actually shown a positive effect of oral estrogen,
which the authors suggested was mediated by a reduction in
fasting glucose and insulin levels, and an increase in the glucose
metabolism rate. Luotola et al.99 examined the effects of orally
administered cyclical NETA given with continuous 17β-estra-
diol in 30 postmenopausal women followed over 6 months.
The combination had little effect, although in women who
commenced the study with impaired glucose tolerance, there
was some improvement in glucose response. This is in agree-
ment with another study showing that the addition of a prog-
estin does not appear to reverse the observed benefit of
estrogen100 DeCleyn et al.101 studied 20 postmenopausal
women before and 2 months after taking conjugated equine
estrogens, and then after 6 months of cyclically administered
dydrogesterone (20 mg for 12 days). The lack of change in glu-
cose and the reduction in insulin concentrations suggested that
combined therapy improves insulin sensitivity and elimination
in postmenopausal women. It was reported that medroxyprog-
esterone acetate given together with oral estrogen may abolish
any beneficial effect on carbohydrate metabolism.98

Comparison of oral and transdermal combined hormonal
treatment yielded no effect of transdermal treatment on glucose
tolerance or insulin concentrations. Neither treatment caused
significant insulin resistance compared with baseline levels, but
with the oral treatment insulin resistance was significantly

greater during the combined phase than the estrogen-only
phase.102

Longer period of HRT may reverse the effect gained in short
term treatments. Short-term treatment with unopposed trans-
dermal estradiol caused a decrease in insulin resistance, but
long-term treatment after intermittent MPA was introduced
had no effect on either insulin secretion or insulin resistance.53

It can be concluded that HRT probably does not impair
metabolic balance in postmenopausal diabetics and can even
improve insulin sensitivity. Considering various type of treat-
ment regimen, it seems likely, that transdermal route probably
carries lesser changes in most glycemic, lipemic and coagula-
tion variables. A similar conclusion emerges from a large cross
sectional study on postmenopausal women in the Lund
area,103 detecting lower incidence of impaired glucose toler-
ance and higher levels of HDL among users of cyclic transder-
mal E2/NETA treatment. The use of progestins like
dydrogesterone and MP, may interfere even less, with the
advantageous metabolic effect induced by estrogens.

Effects of hormone replacement
therapy on obesity and body
composition
Central abdominal fat is associated with increased insulin
resistance.104 The effect of HRT on accretion of visceral adipos-
ity remains unclear. While short-term studies have shown that
it is preventive, longer term studies fail to support this finding.98

HRT reduces lean body mass and waist to hip ratio. However,
this effect was rather small although statistically significant.105

In a study of young postmenopausal women of normal range
body weights, previous use of HRT was associated with reduced
intra-abdominal fat, but not reduced abdominal subcutaneous
fat, sagital diameter, fat-free mass, total fat, insulin sensitivity 
or body weight.106 In a small RCT conducted on 57 post-
menopausal women, adding growth hormone to HRT
increased significantly lean body weight and reduced fat mass
further more than that achieved by HRT alone.107 In overweight
postmenopausal women with Type 2 diabetes, HRT reduced the
waist-to-hip ratio but not the total fat mass.57

Conclusions
Diabetes is apparently not a contraindication for HRT. HRT
does not have adverse effects on glycemic control in women with
diabetes and certain preparations may even have a positive effect.
Some forms also improve the lipid profile in this population. It
seems that transdermal hormonal therapy, containing estrogens
combined with natural progesterone or NETA, may be the
preferable regimen recommended for the diabetic patient, inter-
fering less with an already deranged metabolism.

At present, the use of HRT for the prevention or treatment
of cardiovascular disease is unclear, and women should be
informed about these data before starting therapy for other
reasons. This should not prevent clinicians from prescribing
HRT in diabetic women mainly for menopausal symptom
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control and maybe for the prevention of osteoporosis.
However, since there are no long-term studies in women with
diabetes who have received HRT, definitive conclusions
cannot be reached. On the basis of the data collected so 
far, however, it is suggested that the risk–benefit ratio is simi-
lar to that for the nondiabetic population. Both the decision to

prescribe HRT and the specific preparation used should
always be tailored to the individual. Individual assessment of
the potential benefits and risks of long-term HRT should be
performed in women with diabetes as it is for all women when
HRT is considered.
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Introduction
Genetic factors play a critical role in diabetic pregnancy; they
are important in the etiology of maternal hyperglycaemia and
also the fetal response to hyperglycaemia. This chapter reviews
these two areas. The understanding of the genetics of
common, polygenic diabetes is still incomplete especially for
Type 2 diabetes. In contrast, the molecular genetics of mono-
genic diabetes has been almost completely defined. Studying
pregnancy in monogenic diabetes, can give insights into
normal physiology and the more common forms of gesta-
tional diabetes and diabetic pregnancy.

Genes in the etiology of maternal
diabetes
Genetic predisposition plays an important role in determining
whether a mother has diabetes before she is pregnant or
whether she develops diabetes during pregnancy. In most
cases in addition to this genetic susceptibility, there is also a
considerable environmental component in both Type 1 dia-
betes or Type 2 diabetes. It is only in monogenic diabetes that
the diabetes or hyperglycemia occurs almost exclusively as a
result of genes. There are very different issues in the polygenic,
complex forms of diabetic pregnancy and the rarer mono-
genic forms. These are therefore dealt with separately.

Polygenic diabetes

Pre-pregnancy Type 1 diabetes
In most European, Caucasian diabetic pregnancy clinics Type 1
diabetes is the commonest cause of diabetes diagnosed before
pregnancy. This is not the case in patients from high preva-
lence Type 2 populations from the Asian and African conti-
nents, where Type 2 diabetes is often as common, or more
common, than Type 1. Genetic factors are very important in
Type 1 diabetes, even though it is rarely familial. The risk of
diabetes before the age of 18 is approximately 6% in siblings
of Type 1 diabetic patients, 2% in the offspring of diabetic
mothers and 4% in the offspring of diabetic fathers. Although
these familial risks are low, the relative risk is greatly increased

compared to a population risk of Type 1 diabetes of 0.4%. The
critical role of non-genetic factors is made clear in observa-
tions in identical twins: if one twin has Type 1 diabetes the
risks of the second twin developing diabetes is in the region of
40%. The nature of the environmental component is uncer-
tain: and might possibly be antigens such as cows’ milk and
specific viruses or alternatively, reduced exposure to infection
resulting in a failure of the immune system to differentiate self
and non-self antigens (the hygiene hypothesis).1

In contrast to our poor understanding of the environmen-
tal factors of Type 1 diabetes, there have been considerable
advances in the molecular genetics. There is strong evidence
for genetic variation in key components of the autoimmune
pathway playing a role in the susceptibility to Type 1 diabetes
which are reviewed in detail elsewhere.2 By far the strongest
genetic determinant discovered is the HLA complex.3 This
explains approximately 40–50% of the genetic susceptibility.
However, there has been five other definite susceptibility genes
defined: insulin,4 CTLA4,5 lymphoid tyrosine phospatase,6

and the interferon-induced helicase (IFIH1) region.7 Further
progress will be made in the coming years by using large
patient resources (thousands of patients and matched con-
trols) and whole genome association studies (studying
500,000 markers). It is unlikely, however, that defining the
genetic susceptibility in Type 1 patients will alter our manage-
ment of diabetic pregnancy. Type 1 diabetes usually results in
a complete loss of beta-cell function, especially by the time
women desire pregnancy, and hence etiological genetic studies
play no role in determining the management of the pregnant
Type 1 mother that have no endogenous insulin secretion.

Pre-pregnancy Type 2 diabetes
Pre-pregnancy Type 2 diabetes is increasingly common. To
have Type 2 diabetes prior to becoming pregnant, onset would
have to be early compared to the typical late middle or old age.
A key component of subjects diagnosed when young is that
they are very likely to have a considerable genetic predisposi-
tion, coupled with increased environmental factors such as
increased obesity and reduced physical exercise. Table 61.1
includes a comparison of the likely characteristics of early-
onset and compares it with late-onset Type 2 diabetes and ges-
tational diabetes. Evidence for the genetic susceptibility
includes the increased prevalence of Type 2 diabetes among
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parents and siblings of patients and the fact that families usu-
ally come from high prevalence races. This is in keeping with
the hypothesis that the greater the genetic predisposition, the
earlier the age of diagnosis and supported by linkage studies,
in which it has been easier to define genetic susceptibility loci
in young-onset diabetic patients compared to patients diag-
nosed latter.8

Although there is clear evidence for genetic susceptibility in
Type 2 diabetes, the molecular genetics is considerably less
well define than Type 1 diabetes. It is hoped that defining the
molecular genetics of Type 2 diabetes will help define the
pathogenesis of this complex condition. To date, studies
claiming to have found susceptibility genes have rarely been
replicated, usually due to the fact that the sample sizes used are
too small to reliably detect the small relative risk associated
with individual polymorphisms. Any of the initial studies with
strongly positive results and relative risks in the region of >1.5
have always overestimated the strength of the association.
Hence studies of similar size attempting to replicate the initial
result have failed to find any association. As large studies, in
the order of 2000–8000 subjects in total are used, it has been
shown that genuine predisposing polymorphisms the relative
risk is between 1.1 and 1.4. Polymorphisms with this small 
relative risk will only be detected with large studies and 
meta-analysis so small studies can be ignored until they are
replicated. There are few genes that have shown consistent
analysis in large studies and meta-analyses and are now con-
sidered to be established these are: TCF7L2,9 PPAR,10 Kir6.2,11

and Calpain 10.12 Further studies using thousands of patients
and controls and examining over 500,000 variants are likely to
define new Type 2 diabetes susceptibility polymorphisms in
the near future, at least in European Whites. As the majority of
studies to date have been performed in European subjects, it is
uncertain whether they will define important genes or poly-
morphisms in the high prevalence populations, where pre-
pregnancy Type 2 diabetes is more common.

Gestational diabetes
Gestational diabetes and the relationship to Type 1
diabetes
Type 1 diabetes may be diagnosed for the first time in preg-
nancy but this is relatively rare. There is an increase in the

presence of islet antibodies in gestational diabetes especially in
Scandinavian populations suggesting a proportion of patients
with gestational diabetes have a slow autoimmune destruction
of the beta cell.13,14 It might be expected that the molecular
genetics are similar to latent-autoimmune diabetes in adults
(LADA). In keeping with this here is some evidence that HLA
associations are present, in patients with gestational diabetes
and pancreatic autoantibodies.13

Gestational diabetes and the relationship to Type 2
diabetes
Patients who are diagnosed with diabetes or glucose intoler-
ance in pregnancy, and who then return to normal glucose tol-
erance after pregnancy are known to be at high risk of
developing Type 2 diabetes. Estimates of the risk vary between
10 and 50% within 5 years of the pregnancy, depending on the
racial group and diagnostic criteria used for gestational dia-
betes. This would suggest that there is likely to be a similar eti-
ology in gestational diabetes and Type 2 diabetes, with the
pregnancy associated insulin resistance precipitating hyper-
glycemia during pregnancy. It also suggests that the molecular
genetics for gestational diabetes will considerably overlap with
Type 2 diabetes in the same population.

To date, studies into defining the genetic predisposition to
gestational diabetes have had limited success, with no genes
showing reproducible association across studies. The main
problem has been achieving sufficiently large cohorts for these
studies. This has proved considerably more difficult than col-
lecting large collections of Type 2 subjects, partly because one
is limited only to women, and also that they need to be diag-
nosed during pregnancy. It now seems more likely that genetic
susceptibility variants will be defined in Type 2 diabetes and
then tested in large cohorts of patients with gestational dia-
betes, using national collaborations and combining cohorts to
achieve sufficient power to see the small relative risks.

The published studies thus far have been limited to a few
key candidate genes. Early insulin response was reduced in a
small study in pregnant women who were homozygous for the
−30 polymorphism in the glucokinase gene.15 This common
variation glucokinase mutation was not associated with gesta-
tional diabetes in a second small study.16 However the same
variant has been shown in large studies to be associated with
both a small increase in fasting glucose (0.1 mmol/L per allele)

Table 61.1 Comparison of the relative role of genetic factors and obesity in young-onset Type 2 diabetes, 
gestational diabetes and late-onset Type 2 diabetes

Early-onset Type 2 Gestational Late-onset Type 2
diabetes diabetes diabetes

Age of  diagnosis 25–45 years 18–40 years >45 years
Parental history of Type 2 +++ ++ +

diabetes
High prevalence racial origin +++ ++ +
Obesity +++ +++ +
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in pregnancy and also an associated increase in offspring
birthweight.17

The Trp64Arg polymorphism of the β3-adrenergic receptor
gene was more common in subjects with gestational diabetes
in a small study18 However, this was not replicated in a larger
Greek study.19 We know from studies in Type 2 diabetes that
studies of this size (200–500 subjects) usually result in false
positives and false negative results.

The largest studies have been in Swedish patients with 
over 500 cases and over 1100 controls and these have shown
some evidence of association with the Type 2 diabetes suscep-
tibility polymorphism E23K in the KCNJ11 gene encoding the
Kir6.2 unit of the potassium ATP (KATP) channel.20 Other
studies in the ABCC8 gene encoding the SUR1 subunit of the
KATP channel have been variable reflecting their small size,21,22

2000 #2531}
Until larger cohorts are collected it is unlikely that signifi-

cant progress will be made in defining the genetic susceptibil-
ity to gestational diabetes.

Monogenic diabetes
In marked contrast to the limited progress made in defining
polygenic influences in pre-pregnancy gestational diabetes,
there have been considerable advances in our understanding
of causal monogenic mutations in diabetic pregnancy.

Maturity-onset diabetes of the young
Maturity-onset diabetes of the young (MODY) was initially 
a clinical classification defined on the basis of dominantly
inherited, familial, early-onset (usually before 25 years),
noninsulin-dependent diabetes resulting from beta-cell dys-
function.23 Considerable advances in defining the molecular
genetics of this condition mean that there are at least six
genetic sub-types recognized, with the majority of these
having discreet phenotypes allowing them to be recognized
clinically.23,24 These are outlined in Table 61.2. By far the 
most common subtypes are hepatic nuclear factor-1 alpha;
(HNP-1α) and glucokinase. Within gestational diabetes and
diabetic pregnancy clinics glucokinase is probably the most
common, although frequently it is not recognized as being
MODY as the mild hyperglycemia associated with this domi-
nant condition may not be diagnosed in the parents.

Glucokinase. Glucokinase is the critical enzyme for phos-
phorylating glucose to glucose-6-phosphate in the pancreas
and liver. It is the rate-determining step in both of these tissues
and has been called ‘the pancreatic glucose sensor’. Mutations
throughout the gene encoding glucokinase result in mild fast-
ing hyperglycemia which is present from birth and deterio-
rates only slightly with age.25 Typically, the fasting blood
glucose will be between 5.5 and 8.0 mmol/L.25 Consistent with
a glucose sensing disorder, the glucose remains regulated at
this higher level. In keeping with this, subjects with glucoki-
nase mutations have been shown to have a relatively small
increment in response to a glucose load in an oral glucose tol-
erance test (OGTT).25 As the level of hyperglycemia is mild, it
is rare for patients to be symptomatic or develop diabetic
complications. This means that most patients are detected by

screening. Pregnancy is one time when asymptomatic women
are screened for hyperglycemia and therefore many glucoki-
nase patients present with gestational diabetes. Many studies
have looked at the prevalence of glucokinase mutations in 
gestational diabetes, which has ranged between 0 and 6% 
in predominantly European Caucasian groups.26 As there 
are no common mutations, these patients can only be detected
by full sequencing of the gene. This is both labor intensive 
and expensive. Ellard and colleagues chose to try and define
the phenotype of glucokinase patients in an attempt improve
the specificity of the subjects screened. They used the follow-
ing criteria that had been found in glucokinase MODY 
families:

1. Fasting blood glucose, both before, during and after preg-
nancy was consistently >5.5 mmol/L but did not exceed 8.5
mmol/L.

2. In at least one oral glucose tolerance test there was a glucose
increment during the OGTT (2-h glucose – a fasting glu-
cose) of <3.5 mmol/L.

3. Either a parent or child also had fasting hyperglycemia con-
sistent with a dominant family history.

4. Subjects were treated with insulin during pregnancy but
were managed with diet outside pregnancy.

With these strict criteria they found that 75% (15/20) had a
glucokinase mutation.26 This is clear evidence that selection of
phenotype is appropriate prior to screening for the glucoki-
nase mutation. These criteria may have been over-prescriptive,
particularly as treating with is a characteristic of the doctor as
much as of the characteristic of the pregnancy. Furthermore,
family history may be difficult to accurately ascertain as 
fasting blood glucose needs to be measured in other family
members which is not practical within the normal clinical 
setting. Less strict criteria also increased the detection rate, but
they were less specific when they were applied to patients from
high prevalence populations.27 The considerable variation in
diabetic pregnancy outcome with differing fetal genotype
(Figure 61.1) means that the recognition of glucokinase 
pregnancies is important.
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Figure 61.1 The impact of glucokinase mutations in mother
and fetus on birth weight centile. (Adapted from Hattersley 
et al.40)
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Hepatic nuclear factor 1 alpha. In most MODY families,
patients with HNF-1α mutations diagnosed in the last two
decades have been diagnosed before the age of 20. The major-
ity will therefore have pre-pregnancy diabetes. These patients
have a strong autosomal dominant family history with a single
parent affected and often a grandparent or aunt or uncle on
the same side as their affected parent. Typically they are not
overweight and present with symptomatic diabetes. As shown
in Table 61.2, specific features which characterize HNF-1α
MODY include a low renal threshold, meaning that detection
by glycosuria is frequent. These patients are very sensitive to
sulfonylureas and can be successfully treated with low
doses.28,29 In a randomized control trial sulfonylureas have
been shown to be four times more effective than they are in
patients with Type 2 diabetes.29

The prevalence of HNF-1α mutations in diabetic preg-
nancy clinics has not been extensively studied. Weng et al.
sequenced 66 subjects with gestational diabetes and a family
history of diabetes (excluding known MODY families) and
found on subject with an HNF-1α mutation and one subject
with a HNF-4α mutation.14 When a diagnosis of HNF-1α
MODY has been made, patients can typically be treated with
diet or low-dose sulfonylureas. In many cases transferring
such patients from sulfonylurea to insulin prior to conception
will result in a deterioration of glycemic control. Sulfonylureas
have been safely and effectively used in gestational diabetes.30

It is likely that patients with known HNF-1α mutations and
excellent glycemic control on sulfonylurea treatment prior to
pregnancy should remain on this treatment during pregnancy.
The improved pregnancy outcome, as a result of improved
glycemic control, outweighs the uncertainty about sulfony-
lurea safety in pregnancy. If there is any question of sub-
optimal glycemic control on sulfonylureas then clearly rapid
transfer to insulin would be appropriate.

Other subtypes of MODY. HNF-4α mutations will often
present in women before pregnancy. Characteristics may be
similar to HNF-1α as shown in Table 61.2: of note they are
responsive to sulfonylureas.31

HNF-1β mutations usually result in diabetes in the early
twenties but the age of diagnosis is very variable and hence can
occur before, during or after pregnancy.32 There is one report
of woman presenting with gestational diabetes who had two
pregnancies complicated by severe fetal cystic renal disease:
one fetus had severe renal failure in utero but the second preg-
nancy resulted in a live child with only moderate renal impair-
ment.33 Generally, HNF-1β diabetes is not responsive to
sulfonylureas and most of these patients will require insulin
treatment both during and after pregnancy.34 Some patients
may have uterine and other genital abnormalities which inter-
fere with normal pregnancy.32

MODY due to mutations in IPF1 and NEUROD1 are 
too rare to have any information on pregnancy in these fami-
lies. It is likely they are similar to other transcription factor
mutations.

Other monogenic forms of diabetes
Patients with many other monogenic forms of diabetes may
occur in pregnant women (Table 61.3). In some patients the
likelihood of pregnancy is reduced: patients with severe
insulin resistance may have reduced fertility as a result of the
associated polycystic ovarian syndrome and some of the
multi-system syndromes that include diabetes suffer from
severe neurological defects. The commonest form of mono-
genic diabetes in the diabetic pregnancy clinic outside the
MODY genes is maternally inherited diabetes and deafness
due to the mitochondrial 3243tRNA leucine mutation.
Permanent neonatal diabetes has recently been shown to fre-
quently result from mutations in the Kir6.2 gene. These are
dealt with in more detail below.

Mitochondrial tRNA leucine 3243 mutation. The 3243mtDNA
was common is a large Japanese study of the patients attend-
ing a diabetic pregnancy clinic. The mutation was present in
6–8% of pre-gestational Type 2 diabetes and gestational dia-
betes but it was not found in Type 1 diabetes.35 Interestingly,
the subjects with the mutation were more likely to have spon-
taneous abortions. The prevalence of 3243 mutations is higher

Table 61.3 Impact of monogenic diabetes mutations on birth weight and other clinical features in the neonatal
period

Birthweight Other features at birth

Glucokinase (MODY2) Reduced by 500 g Mild hyperglycemia detectable from first day
HNF-1α (MODY 3) No effect –
HNF-4α (MODY 1) Increased by 800 g Moderate hypoglycaemia in neonatal period lasts

>48 h but <6 months
HNF-1β (MODY5) Reduced by 700 g Renal cysts often detected able on antenatal

ultrasound
Rare cases of transient neonatal hyperglycemia

Maternally inherited diabetes and Reduced but no formal studies –
deafness (3243 mutation)

Kir6.2/SUR1 permanent Reduced by 1000 g Marked hyperglycemia within 24 h but may not be
neonatal diabetes detected

6q imprinted anomalies Reduced by 1500 g Very marked hyperglycemia within 24 h usually
transient neonatal diabetes detected
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in Oriental then European populations36 and so is likely to be
less common in the diabetic pregnancy clinic in European
countries.

Permanent neonatal diabetes due to mutations in Kir6.2.
Neonatal diabetes arises in about 1 in 100,000–200,000
births. Approximately half have permanent neonatal diabetes,
which will persist throughout life, and therefore present in
the diabetic pregnancy clinic. The commonest cause of per-
manent neonatal diabetes are mutations in the KCNJ11 gene
which encode the Kir6.2 gene.37 These patients are usually
diagnosed in the first 3 months of life, but may present any
time within 6 months. They present with marked hyper-
glycemia and/or ketoacidosis and are insulin dependent,
shown by having absent or very low levels of C-peptide but,
unlike Type 1 diabetes, they do not have auto-antibodies.37

Traditionally, they will have been treated with insulin
throughout life.

Although these activating mutations in Kir6.2 reduce the
closing of the KATP channel in responses to ATP generated
through metabolism, they may still secrete insulin in response
to sulfonylureas, which bind to the SUR1 subunit of the KATP

channel binding to the SUR1 subunit.38 Recently, it was shown
that 90% of patients with mutation in Kir6.2 could transfer
from insulin to sulfonylureas and all achieved better glycemic
control.39

Most patients described to date have been spontaneous
mutations but it likely that with improved diabetes care,
more of these patients will reach reproductive age and will be
seen in diabetic pregnancy clinics. This may be another group
that are best managed through pregnancy on sulfonylureas
rather than insulin as glycemic control will be considerably
better.

Fetal genetics altering fetal growth
Diabetes genes may result in a variation in fetal growth during
diabetic pregnancy. Fetal growth in a diabetic pregnancy clearly
reflects many aspects of the maternal environment, particularly
the glycemic control of the mother. By achieving tight glycemic
control throughout the pregnancy, considerable improvements
in outcome have been possible. However, for a given level of
maternal glycemia there remains considerable variation in fetal
outcome. This could reflect other aspects of maternal environ-
ment such as placental function, maternal lipids, other nutrient
supplies and environmental factors such as smoking. It is also
possible that genetic factors inherited by the fetus determine the
fetal response to the maternal environment. This could explain a
lot of variation seen in the outcome of diabetic pregnancy which
is not explicable by measured maternal factors.

Diabetes genes in fetal growth
The idea that diabetes genes were important in the predispo-
sition of mothers to hyperglycemia in pregnancy is not unex-
pected, given their role in the predisposition to Type 2
diabetes. A novel concept which has been developed since
1998 is that the genes that cause monogenic diabetes or

predisposed to Type 2 diabetes may result in reduced fetal
growth.40,41 This is an interesting area where further study is
required and may help to explain at least part of the associa-
tion between low birthweight babies and the predisposition to
Type 2 diabetes as adults. The initial observations were made
in monogenic diabetes, but there is increasing evidence that
these same observations apply to Type 2 diabetes and the gen-
eral population.

Fetal genetic effects in glucokinase pregnancy
Glucokinase mutation effects on glycemia are present from
birth. This means therefore, that any mutation carrier, when-
ever diagnosed, will have had relative fasting hyperglycemia
during pregnancy. Therefore their children will have been
exposed to hyperglycemia in utero regardless of whether the
mother was diagnosed with gestational diabetes or not. It is
therefore possible to study the outcome of mothers with glu-
cokinase mutations retrospectively. These studies have
resulted in some fascinating insights.

A mother with a heterozygous glucokinase mutation is the
perfect scenario for studying the impact of a fetal glucokinase
mutation, as she will transmit this mutation to 50% of her 
offspring. As anticipated, the presence of maternal fasting 
hyperglycemia meant that mothers with a mutation have 
children which are, on average, greater than 600 g heavier than
those of mothers without the mutation.40 However, it is clear
from the studies that there is a marked dichotomy of fetal
response, depending on whether the fetus has an inherited
mutation or not. Offspring who inherited the mutation were
over 500 g lighter than offspring who had not inherited 
the mutation.40 This means that in the mothers with the gluco-
kinase mutation the macrosomia was almost completely confined
to foetuses who did not inherit the mutation. Those who 
inherited the mutation had a normal distribution of birthweight
(see Figure 61.1). This result is strong evidence that the sensing
of glucose by the fetus is through glucokinase. As glucokinase 
is involved in the phosphorylation of glucose to glucose-
6-phosphate, this effect is specific to maternal glycemia,
and is not a result of a fetal response to lipids or other fuels.
It is interesting that even the relatively mild hyperglycemia 
of a heterozygous mutation could have a large impact on 
birthweight.

Fetal insulin hypothesis
The most important impact of these results in glucokinase
mutations is that it establishes that a gene involved in glucose
metabolism can also have a considerable impact on birth-
weight. This led to the fetal insulin hypothesis which proposes
that the association of low birthweight, with subsequent Type
2 diabetes and insulin resistance could have a genetic explana-
tion.41 On the basis of the glucokinase observations it was pro-
posed that altered insulin sensing, insulin secretion or insulin
action could result in reduced fetal growth by reducing insulin
mediated growth in utero as well as predisposing to Type 2 
diabetes by altering glucose metabolism. This hypothesis has
been tested in a wide variety of situations. There is increasing
evidence to support that at least part of the explanation of the
association between low birthweight and later diabetes may be
due to a genetic mechanism.

Fetal genetics altering fetal growth 471
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Support for the fetal insulin hypothesis from
monogenic diabetes studies
There has been strong evidence for the principle that genes
resulting in monogenic diabetes have a large impact on fetal
growth. In addition to the observation of glucokinase, which
acts on glucose sensing (see above), there is also greatly
reduced birthweight in mutations that reduce insulin secre-
tion or action. The impact n fetal growth on monogenic dia-
betes mutations are outlined in Table 61.3. When hyperglycemia
is detectable soon after birth due to reduced insulin secretion
(e.g. Kir6.2 neonatal diabetes) it is not surprising that there is
also reduced insulin secretion in utero and hence low birth-
weight.42 More striking is that mutations in HNF-1β are asso-
ciated with a 800g reduction in birthweight despite diabetes
not usually developing until early adult life (Edghill and
Hattersley, personal communication). This observation is
compatible with the role of HNF-1β in pancreatic stem cells43

which is supported by loss of function mutations resulting in
reduced pancreatic size and mild exocrine failure as well as
beta-cell dysfunction.32 The only exception to diabetes muta-
tions reducing birthweight are mutation in HNF-4α that
result in an increase of birthweight of 800 g (Pearson, Steele
and Hattersley, personal communication). This greatly
increases the risk of macrosomia especially when the mothers
are diabetic and babies greater than 4.5 kg are common. As
13% of mutation carriers are detected to have neonatal hypo-
glycemia related to sustained hyperinsulinism it is likely that
the increased birthweight reflects increased insulin secretion
in utero. All the monogenic examples identify the considerable
impact of insulin mediated growth on the human fetus and
highlight the fact that it can be altered as a result of genetic
mutations.

Although observations in monogenic diabetes establish 
the principle of this pathway being important and alterable 
by fetal genetics, any association between low birthweight 
and diabetes cannot be explained by rare mutations, as they
are too infrequent. In order to establish genes as playing a role
in this association, studies of the general population are
required.

Support for the fetal insulin hypothesis from
studies of the population and susceptibility genes
In an article outlining the fetal insulin hypothesis, Hattersley
and Tooke proposed two predictions that could be tested in
the general population:

● That paternal insulin resistance or Type 2 diabetes should be
associated with reduced birthweight of offspring. This 
represented the concept that the genetic predisposition
inherited by the father would be, at least in part, transmitted
to his offspring and result in reduced insulin mediated
growth.

● Polymorphisms associated with the predisposition to Type 2
diabetes would also be associated with reduced fetal birth-
weight.

The evidence for these two proposals will be considered 
separately.

Paternal associations with birthweight of offspring. There
is increasing evidence that whilst the subsequent development
of maternal diabetes results in increased offspring birth-
weights, particularly when the mother develops early onset
diabetes, paternal Type 2 diabetes/insulin resistance results in
reduced offspring birthweight. This has now been found in a
wide variety of populations.

The most comprehensive study was performed in the Pima
Indians by Lindsay and colleagues and showed clear evidence
of a dichotomy between the offspring of fathers and mothers
who went on to develop Type 2 diabetes. It appears that the
small babies that went on to develop diabetes usually had a
diabetic father, whilst the large babies who went on to develop
diabetes had a diabetic mother.44 The reduced birthweight of
offspring has also been seen in fathers who go on to develop
Type 2 diabetes in a UK population.45,46 In a large UK male
cohort, a weak inverse relationship was seen between insulin
resistance, as measured by HOMA, and fetal birthweight in
offspring after correction for BMI and other potential co-
variables.46 However no relationship was seen between 
paternal insulin resistance and offspring birthweight in a
prospective study of 1000 UK families.47

Molecular genetic studies. Slow progress in defining the Type 2
diabetes susceptibility genes has meant that testing the fetal
insulin hypothesis by molecular genetic techniques has been
limited and to date disappointing. The main problem is that
the association of low birthweight with a predisposition to
Type 2 diabetes is weak. Also, the contribution of any individ-
ual polymorphism is very weak. This means that the vast
majority of studies are not powered to see an association.
Further confounding factors are that if the fetus has a predis-
posing polymorphism which the mother also has, this poly-
morphism this tends to increase the birthweight due to the
predisposition to gestational diabetes. The impact on fetal
birthweight may not be seen without allowing for maternal
genotype. Very few studies have looked at this. There are 
2 studies which have shown that the association of polymor-
phisms, within the same population, with Type 2 diabetes and
also low birthweight. In a large Dutch cohort a polymorphism
5¢ to the IDF1 gene was associated with Type 2 diabetes and
subsequently with low birthweight.48,49 However, the associa-
tion of this polymorphism with diabetes and low birthweight
of offspring has not been replicated in other studies.50 In the
Pima Indian, Lindsay and colleagues found that the polymor-
phism 5¢ to the insulin gene (INS VNTR) was associated with
low birthweight and Type 2 diabetes (at least in association
studies).51 This would clearly fit with the fetal insulin hypoth-
esis; however, it has proved difficult to replicate the association
of INS VNTR with Type 2 diabetes or low birthweight and the
INS VNTR, apart from being associated with low birthweight,
has also been associated with increased birth size52 and no
change in birth size.53

We can conclude from these studies that there is no strong
molecular genetic evidence in support of the fetal insulin
hypothesis. The paternal studies do suggest a moderate influ-
ence of Type 2 diabetes genes on reducing birthweight. It is
likely that the resolution will be that there are some genes that
alter birthweight but not predispose to Type 2 diabetes, other
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genes will predispose to Type 2 diabetes but not alter birth-
weight and a third group of genes predispose to Type 2 diabetes
and to low birthweight. The resolution of the genes involved in
fetal growth will take a considerable additional study.

Conclusion
In this chapter we have outlined the important role of genes in
causing (monogenic) and predisposing to (polygeic) maternal

diabetes in pregnancy. We have also outlined the strong
monogenic evidence that the same genes can alter the fetal
response to the hyperglycemic environment and shown that
the inheritance of a susceptibility to Type 2 diabetes from a
diabetic father results in reduced fetal growth. Molecular
genetic studies are still in their infancy and it is clear that
large studies are required in order to improve our under-
standing of the role of individual genetic variants in diabetic
pregnancy. This area will be of increasing importance in the
future.
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Introduction
Health communication is the singularly most important tool
health professionals have to provide health care to their
patients. Health care providers depend upon their ability to
communicate in order to gather pertinent information,
explain procedures and regimens, respond to patients’ queries,
give the patient directions about self-care and establish a ther-
apeutic humane relationship. The clarity, timeliness, and cul-
tural sensitivity of human communication in health care are
often critical to the physical and emotional well-being of all
concerned.

Kreps and Thornton1 addressed several problem areas in
health care linked to communication deficiencies:

● Low levels of patient compliance/cooperation
● Miscommunication and misinformation
● Culturally incompetent awareness and behavior

Noncompliance (non-adherence)
Perhaps no aspect of diabetes care seems as frustrating to care
providers as the problems that result from noncompliance.
Multiple issues contribute to whether a diabetic patient
adheres to the prescribed treatment. These influences are sim-
ilar to those for other chronic diseases such as hypertension,
asthma and mental health disorders. On average, one-quarter
of patients do not adhere to treatment recommendations.2

The prevalence of non-adherence suggests that as many as
188.3 million medical visits result in patients not following a
prescribed health regimen. The results of meta-analysis indi-
cate that across the spectrum of chronic disease and outcome
assessments, adherence (compared to non-adherence) may
reduce the risk of a poor treatment outcome by 26%.3

How patients perceive the relevance of suggested therapies
often explains how the treatments conform to their ‘health

beliefs model.’4 This model is the patient’s belief in his/her
own susceptibility to a disease or illness. It is the belief regard-
ing the degree of severity of the illness and the consequences
for health and daily functioning; belief in the efficacy of the
treatment for the illness; belief about the barriers and costs
related to treatment; and, cues to action. Each of these con-
tributing factors has been shown to influence the degree to
which a patient will/will not adhere to a treatment protocol.5

The frequency or complexity of prescribed medical therapies
is an important determinant of compliance as is the presence
of side effects.6

The quality of the provider–patient relationship also influ-
ences compliance. However, as cooperative and diligent as the
care provider–patient partnership is in monitoring and
reassessing care, we must not dismiss the data that demon-
strates that only about 30% of pregnant and nonpregnant
Type 1 and 2 diabetic women in both the United States and
Europe are able to achieve the recommended levels of
glycemic control (Figure 62.1). It begs the question: can
glycemic control be sustained in the long run by chronically ill
diabetic women? In addition, one must consider other factors:
is the ability of GDM women to achieve established levels of
glycemic control the result of a milder form of the disease,
the relatively short duration of adherence to a diabetic proto-
col (often less than 9 months) or the inherent motivational
factor to deliver a healthy fetus? Studies have shown (Figure
62.2) that the level of compliance in blood glucose testing 
was relatively low for pregnant and nonpregnant diabetic
women when unaware of the existence of a computer chip 
to record an accurate reading. They would also alter test
results.

In addition to all the diverse influences that may contribute
to noncompliance, we need to also recognize that patients 
and care providers rely on different variables when weighing
the concept of ‘willing and able’ relative to compliance.
Care providers value compliance as a necessary component to
treatment since they believe that the benefits of compliance
outweigh the impact of social, psychological, and economic

The integration of
compliance, communication
and culture to enhance
health care delivery
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factors on the patient’s life. For the physician, patients’ non-
compliance is synonymous with disobedience. Patients value
convenience, money, cultural beliefs, habits, body image, etc.
Patients use their judgment when presented with a medical
protocol and decide if to adhere to the protocol and/or which
components of the protocol they will adhere to from their
subjective, cultural, autonomous life view. Noncompliant or
non-adherent patient behaviors:

● No-show to an appointment
● Not having the prescription filled
● Not taking the correct dose or forgetting to take the 

requisite doses
● Not taking the medication in a timely manner
● Discontinuing the medication without medical consultation

Medical paternalism (physician-directed practice) at one
end of the care continuum and patient self-determination at
the opposite end cannot obscure the valid underlying con-
cerns about relationships between noncompliance and poor
clinical outcomes; these are well documented. Compliance
influences glycemic control. Patients who fail to adhere to the
diabetic protocol prescribed by their clinician suffer very poor
outcomes. Recurrent diabetic crises are, in part, attributable to
noncompliance. Noncompliance may represent an important
component of unnecessary health care costs7–10 yet for some
noncompliant patients, any factor that can improve aspects of
adherence to the diabetic protocol becomes a ‘necessary’
health care cost.

Many of the problems and crises of diabetes management
in pregnancy have emotional and psychosocial sources in
addition to medical ones. Many studies have shown a correla-
tion between glucose control and psychological factors such as
mood disturbances.11–13 In 1998, we12 reported that chroni-
cally ill pregnant diabetic women display significantly greater
anxiety and hostility in comparison to nondiabetic women.
However, regardless of the level of glycemic control or the
severity of the disease, the mood profiles of these women were
not affected. Although near-normal glycemic control with a
strict management approach using either insulin or glyburide
therapy is achievable for GDM women, chronically ill patients
are often unable or unwilling to achieve established levels of
glycemic control.

Although historically the blame and burden of failing to
follow a medical regimen have been shouldered by the patient,
a more realistic and empowering interactive perspective
defines compliance in terms of cooperation between the
patient and practitioner, where responsibility for health care
outcomes are shared jointly. Instead of viewing patient 
noncompliance as a maladaptive characteristic, it is more 
productive to view the problem as related to the kind of com-
munication relationship established between the patient and
practitioner.

Patient–practitioner communication
The most basic and powerful way to connect to another
person is to listen; probably, the most important thing we ever
give each other is our attention. When we are listened to, it
makes us unfold and expand. Relating to other people is both
therapeutic and growth-enhancing. ‘Man becomes man with
the other self. He would not be man at all without the I–thou
relationship.’ (Martin Buber). Effective communication is the
core of every helping relationship and listening is the founda-
tion of every medical and social service interaction.

Human communication occurs when a person responds to
a message and assigns meaning to it. Relationships in the
health care setting developed through interpersonal commu-
nication can elicit cooperation and thus compliance. In
human communication we simultaneously send and receive
many messages on many different levels. Once you have 
communicated something to someone via spoken words,
facial expressions, environmental cues or feelings, you cannot
retract it. By restating or changing the messages sent, you do
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not remove previous messages; you merely add on to them.
The irreversible nature of human communication under-
scores the importance of careful communication in health
care. Whatever the health care professional says, it will always
be remembered to some extent by the patient.

For patients, professional competence and communication
are equally important. Researchers have linked poor commu-
nication to misdiagnoses, the ordering of unnecessary tests,
and the failure of patients to follow treatment plans. Patients
do not always understand what their care providers tell them,
and they often leave their offices uncertain of how they are
supposed to maximize self care. An article appeared in the sci-
ence section of the New York Times (June 2004) in which a
series of studies reported that good doctor–patient communi-
cation resulted in lower blood sugar levels in diabetic patients
and lower blood pressure in hypertensive patients. The mes-
sage conveyed that if patients believe they are in a good rela-
tionship with their doctors, there may be a strong chance their
health will benefit, too.

Active listening implies the active participation of both the
care provider in his capacity in the health care environment 
as well as that of the patient who, too, has a responsibility 
to participate in his/her own health care. Active listening refers
to nonverbal communication such as eye contact; look at
clients when they speak. It involves verbal behavior such as
responding by reflecting: using comments such as ‘I see what
you mean’ signaling that you are listening and encourages 
the patient to continue. It also involves avoidance of sending 
discouraging messages by interrupting, changing the subject
or not acknowledging what the patient says. As a result,
patients are empowered because they feel worthwhile as
human beings; feel accepted by the care provider, and 
are, therefore, comfortable to explore their presenting 
problem.

Unhelpful communication behaviors may include: inter-
rupting the patient’s explanation, preaching, blaming, exten-
sive probing and questioning, especially with ‘why’ questions
and adapting a patronizing attitude. These behaviors are hin-
drances to the interaction because they place patients on the
defensive and make them feel worthless. These behaviors may
also encourage avoidance so that debilitating issues remain
unexplored. Empowerment is not just abstract social service
jargon; a practical attitude and environment is attainable
when conditions of genuineness, respect, and empathy are
generated and used to facilitate the dialogue and produce 
several options for care.

When the pregnant diabetic patient seeks health services,
the interview is more than an exchange of information or fill-
ing out a standardized form. The patient and the care provider
send and interpret verbal and nonverbal stimuli. The changing
medical environment is increasing its insistence on a more
cooperative relationship between care provider and patient,
with the patient taking a more active and informed role than
ever before. For the patient diagnosed with gestational dia-
betes, the care provider is faced with a patient who does not
complain of any disease symptoms yet is tagged ‘sick.’ The
practitioner’s role is to explain to a pregnant patient who ‘feels
well’ what is the nature of her disease, why adherence to a dia-
betic protocol (diet management, injection/oral medication,

exercise) can positively influence the pregnancy outcome
while allaying anxiety and fear.

In the patient–provider relationship, the care provider and
patient each brings his/her own expertise to the medical
encounter and each respects the ideas of the other. In the case
of a chronic disease, this means the recognition that while
health professionals are experts on the specific illness, patients
are experts on their own lives. Patients are the best sources of
information about the attitudes, beliefs, and lifestyle issues
that affect their acceptance of medical treatments. Miscomm
unication often leads patients to incorrectly interpret the
health care instructions explained to them by providers,
making it difficult for a patient to adhere to a medical proto-
col. Likewise, care providers can misinterpret information
given them by patients resulting in incorrect diagnoses and in
inappropriate treatment plans. Part of establishing an effective
provider–patient relationship is being able to communicate
clearly and accurately. Listening for patients’ meanings and
values becomes the starting point for gaining patients’ confi-
dence and establishing two-way communication. Satisfaction,
communication and consultation style are all factors in the
care provider-patient relationship.

Strengths perspective communication fits well with patient
empowerment. The strengths perspective focuses on capabili-
ties, assets, and positive attributes rather than problems and
pathologies. This generative model enhances patients’
resources for problem solving, coping, and healing. It appears
to add an element of control which is very important to a
sense of well being. Listening and attending behaviors that
communicate empathy, encouragement, support, respect, and
nonjudgmental acceptance are the most effective to imple-
menting an environment of empowerment and potential
adherence to a medical protocol.

Displaying empathy, the sharing of another’s perceptual
field and world of meaning, can improve the quality of infor-
mation exchange. An empathetic care provider can help trou-
bled patients express their own fears, problems, needs, anger
and expectations. Basic to an empathic exchange is respect.
A distressed person needs to believe that the listener really
wants to understand and will maintain privacy, withhold
judgment, and reserve advice for the appropriate time.
The comments of the care provider should be brief, concrete,
and jargon-free. Tone and inflections should promote sharing
and be fully congruent with body language. Asking the patient
for clarification and checking perceptions are appropriate
counseling skills. A concise rephrasing of the patient’s current
emotions, perceptions, and plans is often the best response.
We, as care providers, need to recognize and remember that
people are often able to direct their lives more than they real-
ize; they have some freedom to choose even if their options are
restricted by environmental variables or inherent biological or
personality dispositions.

One of the biggest hindrances to change in the patient–care
provider dialogue is the continued emphasis on changing doc-
tors’ behaviors even though it takes two to generate a relation-
ship. Studies suggest that the more equal the relationship
between doctors and patients, the more likely it will translate
into health benefits. Physicians need to develop sensitivity that
will help them identify those aspects of patients’ behavior that
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are determined by their socio-cultural backgrounds, i.e.,
‘inflated’ respect for authority that discourages communica-
tion. Patient passivity may be a risk factor in the treatment of
diabetes. In addition, patients often experience embarrass-
ment with limited health literacy when they do not under-
stand what the doctor has said. And, of course, asking for
clarification is seriously impeded by the imbalance in power
between the white-coated physician and the patient in the
paper-wrapped gown.

Patients need the opportunity to practice asking questions
and interpreting answers. A doctor needs to assess the patient’s
baseline understanding before providing extensive informa-
tion: ‘Before we go on, could you tell me what you already
know about diabetes?’ Physicians should use plain language,
not medical terminology, vague terms and words that 
may have different meanings to a lay person. In addition,
physicians need to facilitate the patient’s understanding by
saying, ‘I always ask my patients to repeat things back to me to
make sure I have explained them clearly.’ Or, if a new skill like
using a self-monitoring blood glucose machine is taught, the
doctor should have the patient demonstrate the action.
The doctor might also consider providing the patient and 
the family with written instructions and educational material
to review at home. Tailoring information to a patient’s indi-
vidual needs and limiting it to the most important points 
can save time in the long run and result in better control 
of chronic illness that may lead to shorter and less frequent
office visits.

In order to manage diabetes successfully, patients must be
able to set goals and make decisions that are both effective and
fit their values and lifestyles while addressing physiological
and psychosocial factors. The role of the pregnant diabetic
woman is to be a well-informed active partner in her care, i.e.
adherence to the diabetic protocol with the use of self-
monitoring blood glucose, maintenance of a healthy diet and
exercise and frequent fetal testing. The role of the practitioner
is to help these women achieve goals and overcome barriers
through education, appropriate care recommendations and
support.

In health care, stories are the means by which people 
make sense of their personal health conditions. By listening to
the stories a patient tells about her pregnancy, the care
provider can learn about that woman’s cultural orientation,
health belief system and psychological orientation towards 
her condition. Some care providers are reluctant to ask
women to tell their stories, preferring not to get too ‘personal’
with their patients. Some providers would rather just perform
diagnostic tests and keep the interpersonal communication
with their patients to a minimum. However, by failing to
encourage patients to tell their stories, these providers are
potentially losing a wealth of health information that would
help them be more effective at providing health care to their
patients.

Patients need to be encouraged to share their stories since
their own interpretations of their health conditions are legiti-
mate and important. By legitimizing consumers’ personal 
narratives about their health, health care providers can 
validate the worth of individual consumers, encourage them
to participate in their own health care, establish good working

relationships with them and learn a great deal about physical
and symbolic health conditions.

Narratives can easily be used by health care providers,
too. They enable them to humanize communication with
clients/patients. Stories are also a means to emphasize compo-
nents of the health care regimen that the provider wishes the
patients to pay attention to, remember and, therefore, to 
co-manage in the form of compliance.

Culture and health 
communication
The cultural impact of beliefs, values and attitudes strongly
influence health care for both the practitioner and the client.
Anthropology teaches us that disease, health and illness are
culturally defined. A person’s beliefs influence their percep-
tions of health and illness. Beliefs dictate which symptoms will
be considered appropriate to take to a doctor, how patients
will understand the cause and treatment of their illness, what
patients expect of physicians, what personal and moral mean-
ings patients will ascribe to their illness and how they will
answer the recurrent questions ‘Why me? Why now? What did
I do to deserve this?’ Practitioners’ failure to address these
beliefs may result in the loss of a powerful source of informa-
tion and a potent tool for healing since this knowledge can
often improve outcomes.14

Before you continue reading the chapter, take the time to
respond to the following modified Cultural Competence in
Health Care Quiz.15 It will provide you with a baseline about
your current knowledge, skills and attitudes about culture as a
significant factor in health care communication.

Cultural competence in health
care quiz
1. Cross-cultural misunderstandings between obstetricians

and pregnant diabetic women can lead to mistrust and
frustration. These misunderstandings will probably not
have an impact on objectively measured clinical outcomes.
A. True
B. False

2. When the patient and provider come from different cul-
tural backgrounds, the medical history obtained may not
be accurate.
A. True
B. False

3. When a provider expects that a pregnant diabetic woman
will understand her condition and follow the diabetic pro-
tocol, she is more likely to do so than if the provider has
doubts about the patient’s willingness or ability to adhere
to the protocol and expresses these doubts with either
verbal or body language.
A. True
B. False
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4. When taking a medical history from the patient with a 
limited ability to speak the language, which of the follow-
ing is the least useful?
A. Asking questions that require the patient to give a

simple ‘yes’ or ‘no’ answer, such as ‘Have you been able
to modify your diet?’ Have you been able to include
exercise in your lifestyle?’

B. Encouraging the patient to give a description of her
medical situation and beliefs about health and illness.

C. Asking the patient whether she would like to have a
qualified interpreter for the medical visit.

D. Asking the patient questions such as ‘How has your
condition changed since the last office visit?’ ‘What
makes your condition get better or worse?’

5. When a patient is not adhering to the diabetic protocol
after several visits, which of the following approaches is
not likely to lead to adherence?
A. Involving family members
B. Repeating the instructions very loudly and several

times to emphasize the importance of the protocol
C. Agreeing to a compromise in the protocol components
D. Spending time listening to the patient’s explanation of

her culture’s folk or alternative remedies.
6. When a patient who has not adhered to the diabetic proto-

col states that she cannot afford the medications prescribed,
it is appropriate to assume that financial factors are indeed
the real reasons and not explore the situation further.
A. True
B. False

7. If a family member speaks the language of the medical
consultation as well as the patient’s native language and 
is willing to act as interpreter, this is the best possible
solution to the problem of interpreting.
A. True
B. False

8. Which statement is true?
A. People who speak the same language have the same 

culture.
B. Cultural background, diet, religious, and health prac-

tices, as well as language, can differ widely within a
given country or part of a country.

C. An alert provider can usually predict a patient’s health
behaviors by knowing what country or culture she
comes from.

9. Minority and immigrant patients in the United States
who go to traditional healers and use traditional medi-
cines generally avoid conventional Western treatments.
A. True
B. False

10. Which of the following is good advice for a provider
attempting to use and interpret non-verbal communication?
A. The provider should recognize that a smile may express

unhappiness or dissatisfaction in some cultures.
B. To express sympathy, a health care provider can lightly

touch a patient’s arm or pat the patient on the back.
C. If the patient will not make eye contact with a health care

provider, it is likely that the patient is hiding the truth.
D. When there is a language barrier, the provider can use

hand gestures to bridge the gap.

11. Some symbols – a positive nod of the head, a pointing
finger, or a ‘thumbs-up’ sign – are universal and can help
bridge the language gap.
A. True
B. False

12. Out of respect for a patient’s privacy, the provider should
always begin a relationship by seeing an adult patient
alone and drawing the family in as needed.
A. True
B. False

The correct answers are to be found at the end of the chapter
in Appendix 1.

Cultural assessment
Cultural assessment is the process of obtaining an overview
of the patient’s characteristics in order to identify needs.
By shifting the questioning from a medical to a patient-
oriented focus, the practitioner may begin to learn and
understand the world view and social organization of the
patient. This can be accomplished by the use of some/all of
these questions:

1. What do you call your problem? What name does it  have?
2. What do you think caused it?
3. When do you think it started?
4. What does your sickness do to you?
5. How severe is it? Will it have a long or short course?
6. What do you fear most about your sickness?
7. What are the chief problems your sickness has caused for

you?
8. What treatment should you receive? What are the most

important results you hope to receive?16

Alternatively, the care provider can use some form of the
following Patient Cultural Status Exam17 to illicit medical
information that is also socially and culturally less stressful to
the patient than a customary medical interview:

1. How would you describe the problem that has brought
you here?

2. Who in the community and your family helps you with
your problem?

3. How long have you had this problem?
4. Do you know anyone else with it?
5. Tell me what happened to them when dealing with this

problem.
6. What do you think is wrong with you?
7. What might other people think is wrong with you?
8. Tell me about people who don’t get this problem.
9. Why has this happened to you, and why now?

10. What do you think will help clear up this problem?
11. If specific tests, and/or medications are listed, ask what

they are and what they do.
12. Apart from me, who else do you think can make you feel

better?
13. Are there therapies that make you feel better that I don’t

know about?
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The awareness of the dynamics that result from cultural
differences such as value preferences, perception of illness,
health beliefs, and communication style will help practitioners
adapt treatment plans that meet culturally unique needs. The
lack of awareness of cultural issues increases social distance,
and breaks down communication. It is an ethical obligation
for physicians to develop sensitivity to cultural and educa-
tional differences if they hope to make interventions that are
consistent with the values of their patients.

In diabetes, pregnant patients are expected to follow a 
complex set of behavioral actions to care for their diabetes 
on a daily basis. Self-care in diabetes often involves a complex
regimen that varies across patients and situations. It is 
rarely a standard prescription but rather a regimen that
resembles a series of ‘if–then’ statements. Improvements in
medical care such as intensive insulin regimens require more
patient counseling, education and support than simpler regi-
mens, such as ‘take one shot a day and watch the sweets.’
Diabetes treatment is predominantly behavioral (involving
daily medication, glucose testing, exercise and dietary
actions). While most patients may take their medication, they
are far less compliant with timing or adjusting medication
administration.

Working with the patient to reach agreement on a treat-
ment plan that makes sense in the context of her life will facil-
itate her adherence to self-management when she leaves the
physician’s office and resumes her day-to-day life. The GDM
patient faces a temporary illness unless she develops Type 1 or
Type 2 diabetes. In order to mitigate the onset of Type 2 dia-
betes and/or metabolic syndrome, the postpartum patient
needs to consider a lifestyle change that would include a
healthy diet and exercise.

The patient with pre-gestational diabetes is wrestling 
with a life-long illness in which failure to maximize glucose
control may seriously compromise both her and her fetus.
The physician is obliged to use understandable language,
provide constructive, culturally appropriate advice and create a
humane environment conducive to adherence to a medical 
protocol. Satisfaction, communication and cultural compe-
tence are all factors in the doctor–patient relationship.
Practitioners and patients need to pool their expertise to pat-
tern customized treatment plans that are suitable to the patient
and her disease. It is incumbent upon all health care practition-
ers and health care consumers to recognize the importance of
communication in health care, to understand the many ways
effective, culturally sensitive communication can be used to
promote health.

The doctor–patient relationship is more than a commer-
cial transaction between retailers and consumers. It is a hallowed
relationship in which both parties are interdependent and,
therefore, allies. Much has happened in the medical profession
and in society to distort that relationship, i.e. medical technol-
ogy and the imposition of managed care into the equation has
led to a certain estrangement between doctor and patient. These
factors have contributed to the almost adversarial relationship
that sometimes evolves between doctors and patients instead of
as allies in pursuit of a common goal. It is time we begin to refo-
cus on the purpose inherent in the patient–physician bond:
souls rendering service to one another.

Appendix 1: Answers to culture quiz
1. False: Low levels of cultural competence can obstruct the

process of making an accurate diagnosis and may cause
the provider to order contraindicated medication.

2. True: Patient may not understand the questions or be
reluctant to disclose symptoms because of language and
cultural barriers. The care provider may also misun-
derstand the patient’s explanation of her symptoms.

3. True: People (students, patients, etc.) generally rise to the
challenge or fail in response to their perception of the
physician’s (teacher’s, etc.) level of expectation [Pygmalion
theory].

4. The correct answer is ‘A.’ While it may seem easier to ask
questions that require a simple ‘yes’ or ‘no’ answer, this
format seriously limits the ability of the patient to 
communicate information necessary for diagnosis 
and/or assessment. The most effective way to proceed
under these circumstances is to combine an open-ended
question such as ‘Tell me about your difficulties altering
your diet plan’ and using a more directed question 
such as ‘Which of the meals is easiest for you to anticipate
and prepare?’ A qualified interpreter is also a valuable
asset.

5. The correct answer is ‘B.’ Non-adherence can be the 
result of many factors. Simply repeating the same instruc-
tions may not be addressing the real issues that are 
preventing adherence. Repetition may also be demeaning
and offensive if the patient cannot communicate.
Family members can provide valuable support. It may
also be possible to set small, realistic goals in order 
to achieve long-term behavioral change. Making an 
effort to understand the patient’s beliefs in alternative
remedies may offer valuable clues to her resistance to
compliance.

6. False: You can explore payment options with the patient
but you also need to explore cultural and psychological
factors that may preclude adherence to the diabetic 
protocol.

7. False: This is an inappropriate responsibility for families
to take on. They lack objectivity and the technical knowl-
edge to convey the provider’s message accurately.
Professional interpreters have been trained to provide
accurate, sensitive two-way communication and uncover
areas of uncertainty or discomfort.

8. The correct answer is ‘B.’ People from the same conti-
nent, country, same part of the country and even the
same city may have major differences in cultural heritage,
traditions and language, as well as differences in socioeco-
nomic status, education, etc. It is the aggregate of all of
these that make up a person’s ‘culture.’

9. False: In the United States, some minority and immigrant
groups first use their traditional medications before turn-
ing to conventional Western medicine, or use both 
concurrently.

10. The correct answer is ‘A.’ In most cultures smiling 
is an expression of joy while in others, e.g. Chinese, may
smile when they are discussing uncomfortable issues. The
other responses are incorrect: body language is not 
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universal; interpersonal greetings vary widely from one
culture to another; beliefs about touching vary widely;
some cultures perceive eye contact as a sign of respect yet
direct eye contact may be interpreted as an invasion of
privacy; a hand gesture in one culture may create a social
bond while the same gesture in another culture may rep-
resent an offense.

11. False: see answer to # 10

12. False: In many of the world’s cultures, a patient’s health
problem is also considered the family’s problem and it is
offensive to exclude family members from any medical
interaction. The care provider needs to assess the patient’s
preference for inclusion/exclusion of family members
during a medical visit. The provider might ease any tension
around this issue by assuring family members that they will
be asked to return to the examining room shortly.
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Introduction
Patients with diabetes mellitus often have reproductive distur-
bances. For women these include delayed menarche, men-
strual irregularities, subfertility, early onset of menopause, and
increased incidence of spontaneous abortions, and for men
impotence, hypospermia, and impaired spermatogenesis.
The exact mechanisms underlying diabetes-related infertility
remain unknown. Studies have implicated a central effect 
on the pituitary–gonadal axis, abnormal antral follicle devel-
opment, as in polycystic ovary syndrome (PCOS), and
microangiopathy or other tissue-damaging factors.

This chapter reviews the known data on the association
between diabetes and infertility, including the cumulative 
information on the pivotal role of insulin resistance in the
pathogenesis of prediabetic states such as PCOS, and the 
effect of insulin-sensitizing drugs, such as metformin. The risks
of spontaneous abortion and male infertility are discussed 
as well.

Type 1 diabetes and reproductive
disturbances
Delayed menarche and menstrual irregularities
Prior to the identification and isolation of insulin in 1921, dia-
betic women rarely underwent secondary sexual develop-
ment.1 Today, menarche is usually delayed if the disease
develops in the prepubertal years, and early if it precedes the
onset of the disease.2,3 Almost one-third of diabetic women of
reproductive age have some form of menstrual dysfunction.4

In a study of 337 women with Type 1 diabetes, Burkart et al.5

noted an inverse correlation between age at menarche and
patient age, with age at menarche being 0.8–2 years higher in
diabetic patients than in the patients in whom diabetes devel-
oped after menarche, and 0.4–1.3 years higher than in nondi-
abetics. The increase was most pronounced if the diabetes was
diagnosed between 3 and 8 years of age. A delay in menarche
was also noted in a later retrospective study of 100 diabetic
women when the disease was diagnosed before the age of
menarche and before 10 years of age:6 the average age at
menarche in this series was 13.5. In addition, there was a sig-
nificant correlation between menstrual disturbances and both
late menarche and diabetic complications.6 The authors sug-
gested that one possible explanation for the delayed menarche

in Type 1 diabetes is the characteristic weight loss that occurs
at the time of diagnosis.

Burkart et al.5 found that the prevalence of primary amen-
orrhea was 3.6% in women with Type 1 diabetes, compared to
1.5% in healthy controls and in women with late-onset dia-
betes. The rates of oligomenorrhea and secondary amenor-
rhea were 14 and 7%, compared to 12% in the patients with
late-onset diabetes. Menstrual irregularities were more fre-
quent at the time of diabetes onset, although 76% of the
patients had not complained of any change in menstrual
bleeding and it normalized with time. Over 70% of patients
<35 years of age had spontaneous conceptions and only 2.1%
were infertile; both these rates are similar to those in the con-
trol group.

Yeshaya et al.6 also noted a 32% rate of oligomenorrhea,
amenorrhea, and polymenorrhea, which was in agreement
with the study of Bergquist7 but higher than the 21.6%
reported by Kjaer et al.8

Infertility
A questionnaire survey of an unselected population of 18- to
49-year-old diabetic women (n = 245) and a comparable con-
trol group (n = 253) failed to yield differences in the cumula-
tive rates of pregnancies and involuntary infertility (17%).9,10

However, the diabetic women had significantly fewer preg-
nancies (1.4 vs. 1.7) and fewer births per pregnancy than con-
trols, and more were nulliparous (48 vs. 38%). Half of all the
diabetic pregnancies were planned. The women reported that
their diabetes had a negative influence on their attitude
toward having children.

Briese and Muller,11 in a study of 672 diabetic women
between the ages of 17 and 42, of whom 72% were taking
insulin, found that one third had successful pregnancies, but
only one in 10 delivered more than once after the diabetes
became manifest. At the time of the study, 126 patients
(19.1%) were attempting pregnancy, about one-fifth of them
for >2 years. Manifestations of diabetes occurred significantly
earlier in the patients who did not achieve pregnancy.
Infertility was correlated with daily insulin dose but was 
unrelated to duration of diabetes.

Euglycemia at the time of conception is crucial for the 
success of the pregnancy. Considering the difficulties in
achieving and maintaining tight glycemic control for long
periods, clomiphene citrate (CC) may be used to enhance
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fecundability in diabetic patients with good glycemic con-
trol.12 This new ‘sweet’ indication for the use of CC is proba-
bly debatable. Nevertheless, fertility, like all other health issues
in diabetic patients, depends on good metabolic control.

It may be concluded that although diabetic patients tend to
have a negative attitude towards pregnancy and motherhood,
their fertility potential is usually not substantially impaired
when in good glycemic control.

Mechanisms for infertility
Hypothalamic–pituitary–gonadal dysfunction
Uncontrolled Type 1 diabetes is thought to disrupt normal
hypothalamic–pituitary–gonadal function, and animal studies
have suggested that poorly controlled Type 1 diabetes may
adversely affect the uterovaginal outflow tract and/or ovarian
function. However, clinical studies do not relate this factor to
menstrual dysfunction.4 Similarly, pituitary function, as
assessed by basal gonadotropins and gonadotropin-releasing
hormone (GnRH)-stimulated gonadotropin release, appears
to be normal in young women with Type 1 diabetes. Although
there is some evidence that pituitary function declines with
increasing duration of diabetes, this issue has not been thor-
oughly investigated. Therefore, the oligo/amenorrhea in Type 1
diabetes appears to be principally hypothalamic in origin and
may represent intermittent (and perhaps reversible) failure of
the GnRH pulse generator. This is similar to the mechanism in
anorexia nervosa or in women who engage in endurance
training.4 The exact pathophysiology of the GnRH neuronal
system dysfunction is still not well understood, but attention
is currently focused on increased central opioidergic activity,
increased central dopaminergic activity and central glucose
deprivation.

Role of insulin
The role of insulin in folliculogenesis has been studied 
extensively. Insulin receptors have been localized in the 
ovary, within the stromal cells, granulose and theca cells of
developing follicles.13 Studies that specifically examined 
primordial follicles localized insulin receptors primarily to the
oocyte.14 Some growth factors promote the primordial to pri-
mary follicle transition to a greater degree in the presence of
insulin.15 Direct ovarian organ culture studies have demon-
strated that high concentrations of insulin stimulate primor-
dial follicle development in the hamster.16 Insulin also
stimulates androgen production by cultured theca cells,17 as
well as estrogen and progesterone production by cultured
granulosa cells.18

Kezele et al.19 suggested that insulin’s site of action is likely
the oocyte and that its activity is mediated via the insulin
receptor, not the insulin-like growth factor (IGF)-I receptor.
Thus, insulin helps to coordinate the primordial to primary
follicle transition at the level of the oocyte. Abnormal insulin
levels may alter or inhibit early follicular development.

Role of catecholamines
Impaired hypothalamic regulation of gonadotropin secretion
may be caused by disrupted noradrenergic feedback.

Monoamines and opioids are involved in the regulation 
of luteinizing hormone (LH) secretion.20 Substances that
block hypothalamic adrenergic receptors or activate opioid
receptors suppress the release of GnRH and the preovulatory
LH surge. The actions of opioids appear to involve noradren-
ergic mechanisms.21 Thus, increased norepinephrine turnover
in the preoptic areas may be a prerequisite for the LH surge,
and the noradrenergic control of LH secretion is regulated by
an opioid pathway.22 Bitar23 suggested that the endocrine
abnormalities in diabetes are due, at least in part, to a 
functional deficit in noradrenergic neurons within the 
hypothalamus. Therefore, diabetes could suppress the cyclic
reproduction function by disrupting these regulatory 
mechanisms.

Microangiopathy and decreased ovarian superoxide
dismutase activity
Microangiopathy is the major cause of tissue damage in Type 1
diabetes24 and may therefore be a mechanism for ovulatory
dysfunction as well. The risk of microangiopathic abnormali-
ties does not appear to increase linearly with the duration of
diabetes, nor can it be prevented by good glycemic control.24

Nitric oxide (NO), an important mediator in the regulation of
the blood–follicle barrier and ovulation, is inactivated in the
presence of clinical and experimental diabetes, leading to
impaired endothelial-dependent vascular activity.25 This state
can be reversed by administration of insulin or free-radical
scavengers, such as superoxide dismutase (SOD).26 Powers et
al.27 localized endothelial NO synthase (NOS), inducible NOS,
SOD and the LH receptor to the same population of endothe-
lial cells surrounding the preovulatory follicle. They suggested
that short periods of hyperglycemia may cause a decrease in
activity of ovarian SOD, thereby increasing the production of
superoxide anion and disrupting the homeostatic vascular
activity of NO. Specifically, the loss of the protective activity of
SOD in diabetes may compromise the signaling of NO within
the ovarian microvasculature at the time of ovulation.

Insulin resistance and polycystic ovary syndrome
PCOS is a heterogeneous disorder affecting 5–10% of women
of reproductive age.28 It is characterized by chronic anovula-
tion with oligo/amenorrhea, infertility, typical sonographic
appearance of the ovaries, i.e. multiple small follicles distrib-
uted around the ovarian periphery or throughout the
echodense stroma29 and clinical or biochemical hyperandro-
genism. As anovulation accounts for an estimated 40% of all
cases of female infertility, PCOS, being the most common
cause of anovulation, is the most important cause of this type
of infertility.30

Insulin resistance is present in 40–50% of patients,
especially in obese women,31 making PCOS a prediabetic 
state. The prevalence of impaired glucose tolerance (IGT) in
PCOS is 31–35%, and the prevalence of Type 2 diabetes 
mellitus is 7.5–10%.32 The conversion rate from IGT to overt
Type 2 diabetes is increased 5- to 10-fold in women with
PCOS.33
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Women with PCOS are at increased risk of pregnancy and
neonatal complications; a recent meta-analysis34 demon-
strated that these women are at higher risk of developing ges-
tational diabetes [odds ratio (OR) 2.94; 95% confidence
interval (CI): 1.70–5.08], pregnancy-induced hypertension
(OR 3.67; 95% CI: 1.98–6.81), pre-eclampsia (OR 3.47; 95%
CI: 1.95–6.17) and preterm birth (OR 1.75; 95% CI:
1.16–2.62). Their babies had a significantly higher risk of
admission to a neonatal intensive care unit (OR 2.31; 95% 
CI: 1.25–4.26) and a higher perinatal mortality (OR 3.07; 95%
CI: 1.03–9.21), unrelated to multiple births.

Hyperinsulinemic insulin resistance
Insulin resistance is defined as the decreased ability of insulin
to stimulate glucose disposal into target tissues, or a reduced
glucose response to a given amount of insulin. Chronic hyper-
insulinemia is a compensatory response to this target tissue
resistance. Several mechanisms have been suggested to explain
insulin resistance, including peripheral target tissue resistance,
decreased hepatic clearance, or increased pancreatic sensitiv-
ity. Studies with the euglycemic clamp technique indicate that
hyperandrogenic woman with hyperinsulinemia have periph-
eral insulin resistance and a reduced insulin clearance rate due
to decreased hepatic insulin extraction.35,36

The peripheral insulin resistance in PCOS is uniquely due
to a defect beyond the activation of the receptor kinase,
namely, reduced tyrosine autophosphorylation of the insulin
receptor.37,38 The reduced signal transmission caused by exces-
sive phosphorylation of serine residues on the insulin receptor
also explains the hyperandrogenism caused by the concomi-
tant serine phosphorylation of P450c17, the key enzyme in
ovarian and adrenal androgen biosynthesis, which increases
the 17,20-lyase activity and androgen production.38,39

Thus, insulin resistance may be causally related to overactivity 
of cytochrome P450c17.40 Insulin, by acting via its own 
receptors, appears to promote ovarian and adrenal 
androgen biosynthesis,41,42 amplifying LH-induced androgen 
production by theca cells and resulting in hyperandrogene-
mia.43,44 Amelioration of the hyperinsulinemia leads to a 
dramatic decline in circulating androgens to normal levels.45

Hyperinsulinemia may also upregulate IGF-I receptors, which
are potent stimulators of LH-induced androgen synthesis, and
increase the bioavailability of IGF-I secondary to the suppres-
sion of IGF binding protein (BP) I (IGF-BPI) production by
the liver.46,47 Additionally, insulin may potentiate the response
of adrenal steroidogenesis to adrenocorticotropic hormone
(ACTH),48 and enhance the expression of hyperandrogenism
by its inhibitory effect on hepatic sex hormone binding glob-
ulin (SHBG) production,49 thereby increasing the bioavail-
ability of androgens. Figure 63.1 presents the potential
mechanisms of insulin resistance in PCOS.

Although some studies indicate that androgens can induce
hyperinsulinemia, most of the evidence supports hyperinsu-
linemia as the primary factor leading to hyperandro-
genism.50,51

Both lean and obese women with PCOS may be insulin
resistant.52–55 Affected lean women appear to have an intrinsic
and still poorly understood form of insulin resistance,37,38 and

obese women probably have this form in addition to insulin
resistance due to overweight.

Clinical findings that suggest the presence of insulin resist-
ance and hyperinsulinemia include body mass index (BMI)
>27 kg/m2, waist-to-hip ratio >0.85, waist >100 cm, acantho-
sis nigricans and numerous achrochordons (skin tags).56

However, according to the American Diabetes Association
(ADA) Consensus Conference,57 there is still no satisfactory
method for determining insulin resistance in the clinical prac-
tice setting. None of the tests, such as fasting insulin, glucose
or glucose-to-insulin ratio, has been shown to be a useful 
predictor of the ovulatory response to insulin-sensitizing
drugs. Although the fasting glucose-to-insulin ratio (<4.5)
correlates with insulin sensitivity as determined by the
insulin–glucose clamp,58 it has never been tested as a predictor
of response to insulin-sensitizing therapy.33

Hyperinsulinemia and impaired ovulation
Dale et al.59 examined the correlation between insulin 
metabolism and outcome of gonadotropin stimulation in 
42 infertile, CC-resistant women with PCOS. Using continu-
ous infusion of glucose with the model assessment test,
they identified 17 patients with insulin resistance who
required higher doses of gonadotropins and a longer duration
of treatment to achieve follicular maturation. In this group,
35% of the cycles were cancelled due to a multifollicular
response compared to 2.5% in the noninsulin-resistant PCOS
group. Moreover, although the ovulation rate in completed
cycles was similar between the groups, the conception rate 
was significantly better in the women with noninsulin-
resistant PCOS.

Hyperinsulinemia and obesity correlate directly with the
failure to ovulate in response to CC, or with the need for mul-
tiple repeated courses and increasing doses of CC.60,61 Thus,
women with PCOS and severe insulin resistance are more
likely to fail to respond to CC.62 BMI is a major determinant
of insulin resistance and hyperinsulinemia. Insulin resistance
is unlikely in women with BMI <22 kg/m2, common in
women with BMI >27 kg/m2 and almost always present in
women with BMI >30 kg/m2.63 In obese women, weight
reduction can reduce circulating androgen, LH and insulin
concentrations, and, thereby, may induce ovulation and even
improve the pregnancy rate.64–66 The difficulty obese women
have in losing weight, coupled with the fact that 10–30% of
women with PCOS are lean, led to the introduction of insulin-
sensitizing drugs to improve peripheral insulin sensitivity and
reduce plasma insulin concentrations.33,67,68

Metformin
Metformin is an oral biguanide, category B drug for pregnant
women, which has been approved for the treatment of
Type 2 diabetes mellitus. It is thought to affect multiple meta-
bolic pathways, decreasing glucose absorption, and suppress-
ing hepatic glucose output and gluconeogenesis.69,70

Metformin also improves the action of insulin at the cellular
level by enhancing glucose uptake by fat and muscle cells,71,72

and by increasing insulin receptor binding.73 The reduction in
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free fatty acid release from adipose tissue further enhances
insulin sensitivity.74 Recently, Attia et al.75 showed that 
metformin directly inhibits androgen production in human
thecal cells. Importantly, the actions of metformin are not
associated with an increase in insulin secretion and,
hence, with hypoglycemia. It is possible that the weight loss
that often accompanies protracted metformin therapy may
account for some of the beneficial effects observed in many
studies.76,77

Metabolic and endocrine effects of metformin
Women with PCOS and fasting hyperinsulinemia who were
treated with metformin showed a significant decrease in 
fasting insulin and total testosterone levels, and an increase in
SHBG, leading to a decrease in the free testosterone index.
In addition, there was a significant decline in mean BMI, the
waist-to-hip ratio, hirsutism, and acne, as well as an improve-
ment in menstrual cyclicity. No changes in the LH level 
or in LH-to-follicle-stimulating hormone (FSH) ratio were
observed. The greatest decline in testosterone and its 
free index occurred in the patients with the most pronounced

hyperandrogenemia. Women with high levels of dehydroepi-
anosterone sulfate (DHEAS) exhibited less improvement 
in menstrual cycle regularity, no change in hirsutism,
and an increase in levels of IGF-I.78 In addition, plasma 
17-hydroxyprogesterone response to human chorionic
gonadotropin (hCG) was significantly lower after treatment,79

and the adrenal steroidogenesis response to ACTH was
reduced, supporting the hypothesis that the high insulin 
levels associated with PCOS may cause an increase in 
plasma levels of adrenal androgens.48 Accordingly, decreasing
serum insulin concentrations with metformin also reduce
ovarian cytochrome P450c17 alpha activity and ameliorate
hyperandrogenism.80 Thus, metformin apparently affects
ovarian steroidogenesis, possibly via decreased insulin
action.81

Spontaneous ovulation after metformin treatment
Vrbikova et al.82 showed that a 6-month course of metformin
1000 mg daily significantly improved the menstrual cycle 
pattern in 58% of the 24 women evaluated. In a study of
50 women with PCOS given metformin 1500 mg daily for 
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Figure 63.1 Presents the potential mechanisms of insulin resistance in PCOS.
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12 months, Baysal et al.83 found a statistically significant
decrease in mean BMI, with no differences in fasting serum
insulin and testosterone levels. Metformin improved men-
strual patterns in 60% of cases. The authors speculated that
the changes in menstrual cyclicity in response to metformin
possibly occurred independent of insulin sensitivity or circu-
lating insulin concentrations. A similar effect has also been
reported by others.77,84–86

Metformin treatment and ovulation 
induction with CC
CC-resistant and obese women have a high prevalence of
insulin resistance. This subgroup may benefit more from
treatment with metformin. In a large prospective trial, an oral
glucose tolerance test (OGTT) was performed in 61 obese
women with PCOS before and after administration of met-
formin 500 mg or placebo three times daily for 35 days.87

Those who failed to ovulate spontaneously were given CC 50
mg daily for 5 days, concomitant with metformin or placebo.
This regimen was successful in 19 of 21 women (90%) in the
metformin group and two of 25 women (8%) in the placebo
group. Overall, 31 of the 35 women (89%) treated with 
metformin ovulated spontaneously or in response to CC,
compared with only three of the 26 untreated women (12%).
This finding agrees with other studies reporting an increase in
pregnancy rate with combined metformin–CC treatment.88–92

In a comparative study,93 154 infertile women with oligomen-
orrhea and hyperandrogenism were studied. Patients receiving
metformin alone had an increased ovulation rate compared
with those receiving CC alone (75.4 vs. 50%). Patients on 
metformin had similar ovulation rates compared with those
in the combination group (75.4 vs. 63.4%). Pregnancy rates
were equivalent in the three groups. Response to metformin
was independent of body weight and dose. Additionally,
nonsmoking predicted better ovulatory response overall as
well as lower fasting glucose for CC and lower androgens for
metformin. By contrast, however, Ng et al.88 noted no
improvement in ovulation rate in CC-resistant women after
metformin treatment, despite a significant reduction in BMI
and serum testosterone and fasting leptin concentrations.
Similarly, Legro et al.94 randomly assigned 626 infertile
women with PCOS to receive CC plus placebo, metformin
plus placebo, or a combination of CC and metformin for up
to 6 months. The live birth rates were 22.5, 7.2, and 26.8%,
respectively. Therefore, CC was superior to metformin in
achieving live birth.

In a novel study,95 the combination of metformin and 
the aromatase inhibitor, letrozole, was studied in infertile
women with PCOS that were randomly divided into met-
formin–letrozole (29 patients) and metformin–clomiphene
groups (30 patients). After an initial 6–8 weeks of metformin,
they received either letrozole (2.5 mg) or clomiphene (100 mg)
from days 3–7 of their menstrual cycle. Endometrial thickness
was significantly higher in letrozole group. The pregnancy rate
in letrozole group (10 patients, 34.50%) as compared with
clomiphene group (five patients, 16.67%) did not show 
significant difference, whereas full-term pregnancies were
higher in letrozole group [10 patients (34.50%) vs. three
patients (10%)].

Metformin treatment and ovulation induction with FSH
De Leo et al.89 showed that cycles performed with metformin
had significantly fewer follicles measuring >15 mm in diameter
on the day of hCG administration. In addition, hCG was with-
held in a significantly lower percentage because of excessive 
follicular development. Plasma levels of E2 were significantly
higher in cycles treated with FSH alone than in those treated
with FSH and metformin. Similarly, Palomba et al.96 performed
a randomized controlled trial and concluded that in insulin-
resistant women with PCOS, metformin pre-treatment and co-
administration with FSH increases the mono-ovulatory cycles.
Yarali et al.90 concluded that in CC-resistant PCOS patients with
normal glucose tolerance, metformin may restore ovulation
with no improvement in insulin resistance. However, it has no
significant effect on ovarian response during recombinant FSH
treatment.

Metformin treatment and in vitro fertilization
Stadtmauer et al.91 hypothesized that metformin may improve
the quality of oocytes retrieved from patients with PCOS by
reducing hyperinsulinemia and by modulating the local
insulin and IGF levels. They retrospectively analyzed 
46 women with CC-resistant PCOS who underwent 60 cycles
of in vitro fertilization (IVF) embryo transfer with intracyto-
plasmic sperm injection. In half the cycles, patients received
metformin 1000–1500 mg daily, starting with the cycle prior
to gonadotropin treatment. The authors found that the met-
formin cycles were associated with a decrease in the total
number of follicles on the day of hCG treatment, with no
change in mean follicular diameter. There was no effect on
mean number of oocytes retrieved, although the mean
number of mature oocytes and embryos cleaved was higher.
Fertilization rates (64 vs. 43%) and clinical pregnancy rates
(70 vs. 30%) were also increased. Metformin led to a modula-
tion of preovulatory follicular fluid IGF levels, with increases
in IGF-I and decreases in IGF-BPI. Doldi et al.97compared the
stimulation characteristics and IVF outcomes of the standard
short GnRH antagonist protocol for ovarian stimulation with
or without metformin in 40 patients. The metformin group
was characterized by a statistically significant decrease in 
the number of ampoules of rFSH and estradiol levels, fewer
cancelled cycles and lower rate of OHSS (5 vs. 15%, P < 0.05).
The mean number of mature oocytes was increased with 
metformin treatment. No difference was found in the number
of cleaved embryos.

Contrary to these findings, however, Fedorcsak et al.98

reported that in woman with PCOS who received long-term
downregulation and stimulation with recombinant FSH,
insulin resistance was not related to either hormone levels or
IVF outcome. Obesity was independently associated with rel-
ative gonadotropin resistance. The same group of investiga-
tors, also reported that co-administration of metformin is
likely to increase the number of oocytes collected after ovarian
stimulation in insulin-resistant women with PCOS but is
unlikely to reduce the requirement for FSH.99 In recent ran-
domized controlled trials,100–102 metformin did not lead to any
improvement in IVF/ICSI outcomes among patients with
PCOS. However, improved pregnancy rates101 improved preg-
nancy outcome and reduced risk of OHSS102 were reported.

486 Diabetes and infertility

9780415426206-Ch63  11/29/07  5:09 PM  Page 486



Type 1 diabetes and spontaneous abortions 487

Metformin treatment in pregnancy
In addition to poor conception rates, pregnancy loss rates 
are high (30–50%) in the first trimester in women with 
PCOS. Hyperinsulinemia may contribute to the early preg-
nancy loss by adversely affecting endometrial function and
environment. Serum glycodelin, a putative biomarker of
endometrial function, is decreased in women with early 
pregnancy loss. IGF-BPI may also play an important role in
pregnancy by facilitating adhesion processes at the feto-
maternal interface. Jakubowicz et al.103 studied 48 women with
PCOS before and after administration of metformin 500 mg
(n = 26) or placebo (n = 22) three times daily for 4 weeks.
OGTT were performed, and serum glycodelin and IGF-BPI
were measured during the follicular and CC-induced luteal
phases of menses. The authors found a decrease in mean area
under the serum insulin curve after glucose administration.
In the metformin group, follicular and luteal phase serum gly-
codelin and IGF-BPI concentrations were significantly
increased, as was the luteal phase blood flow in the spiral
arteries, as indicated by a 20% decrease in resistance index.
Thus, metformin-induced changes may reflect an improved
endometrial milieu for the establishment and maintenance of
pregnancy.

In a later study, the same group studied 96 women with
PCOS who became pregnant during a 4.5 year period, of
whom 65 had taken metformin during pregnancy and 31 had
not.104 Early pregnancy loss rate was 8.8% in the metformin
group compared with 41.9% in the control group. The
authors concluded that metformin administration during
pregnancy reduces first trimester pregnancy loss in women
with PCOS. Similar results were reported others.105,106

Glueck et al.107 prospectively followed 33 nondiabetic
women with PCOS who conceived while taking metformin
and gave birth to live babies; 28 took metformin through
delivery. These findings were compared with the file data of 39
nondiabetic women with PCOS giving birth to live babies who
were not given metformin. One of the 33 pregnancies (3%)
achieved during metformin therapy was associated with gesta-
tional diabetes mellitus (GDM), compared to eight of 12
(67%) previous pregnancies in the same group achieved with-
out metformin and to 14 of 60 pregnancies (23%) in the con-
trol group (total non-metformin GDM rate, 31.9%). Thus,
metformin was associated with a 10-fold reduction in GDM in
women with PCOS. Importantly, these findings emphasize the
possible role of metformin in preventing GDM and overt dia-
betes in these patients.

Metformin does not appear to be teratogenic.108 In a recent
meta-analysis, Gilbert et al.109 evaluated the rate of major 
malformations in eight studies of exposure to metformin in
the first trimester of pregnancy. In their analysis, after adjust-
ment for publication bias, metformin treatment was associ-
ated with a statistically significant 57% protective effect. After
pooling the studies, the malformation rate in the disease-
matched control group was approximately 7.2%, statistically
significantly higher than the rate found in the metformin
group. Therefore on the basis of the data available today, there
is no evidence of an increased risk for major malformations
when metformin is taken during the first trimester of
pregnancy.

Type 1 diabetes and spontaneous
abortions
Epidemiology
Women with Type 1 diabetes are at increased risk of both first
trimester spontaneous abortions and major congenital mal-
formations. The magnitude of the risk depends on the degree
of metabolic control in the first trimester.110 Stricter control is
necessary to avoid spontaneous abortions than major malfor-
mations. At the same time, the timely institution of intensive
therapy yields excellent results with regard to spontaneous
abortions, whereas the risk of major malformations remains
elevated compared to nondiabetic pregnancy even when con-
trol is good.111

The multicenter Diabetes in Early Pregnancy (DIEP) study,
which was designed to answer questions about causes of spon-
taneous abortion and malformations, found that the risk of
spontaneous abortion increased from 9% with good glucose
control to 45% when the glycemic level was markedly ele-
vated.112 Recently, Temple et al.113 showed that among 242 dia-
betic pregnancies, the poor control group [glycosylated
hemoglobin (HbA1c) >7.5%] had a 4-fold higher sponta-
neous abortion rate than the fair-control group [relative risk
(RR) 4.0, 1.2–13.1].

Dorman et al.114 found that improvement in maternal care
over the past 30 years in the USA was accompanied by a sig-
nificant temporal decline in the rates of spontaneous abortion
for women with Type 1 diabetes as follows: up to 1969, 26.4%;
1970–1979, 31.0%; 1980–1989, 15.7%; P < 0.05. No differ-
ences were noted for the nondiabetic partners of Type 1 dia-
betic men (up to 1969, 4.2%; 1970–1979, 9.5%; 1980–1989,
5.7%; P > 0.05). Current rates in Denmark and the UK are
about 17.5%.115,116

Etiology
Although some authors attribute spontaneous abortions in
diabetic pregnancy to early fetal growth delay,117 others 
suggest that this finding is probably an artifact of incorrectly
estimated ovulation date.118,119 To clarify this issue, Ivanisevic
et al.120 confirmed the pregnancy duration in their cohort by
beta-human chorionic gonadotropin (hCG) measure-
ments within a fortnight of the missed menstrual period.
They found that the risk of spontaneous abortion in the 
Type 1 diabetic pregnancies with delayed embryonal growth
was eight times higher than in the diabetic pregnancies with a
normal growth pattern, which were matched for gestational
age, prepregnancy weight, newborn birthweight and sex.
Neither group had fetal malformations. Corresponding
HbA1c levels were 9.39 ± 2.37 and 7.3 ± 1.5% (P = 0.006),
confirming the relationship between embryonal growth,
spontaneous abortions and abnormal metabolic control of
diabetic pregnancy.

On the basis of in vitro findings of an association of high
levels of β-hydroxybutyrate (beta-HOB) and malformations
and growth retardation, Jovanovic et al.121 studied these fac-
tors in diabetic and nondiabetic women. Although the first
trimester beta-HOB levels were significantly higher in the 
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diabetic group, they tended to be lower, not higher, in moth-
ers in both groups who had a malformed infant or pregnancy
loss. The biological significance of this trend remains unclear.

There is considerable amount of clinical and experimental
evidence suggesting the involvement of free-radical-mediated
oxidative processes in the pathogenesis of diabetic complica-
tions. These might be contributory factors to conceptus
damage, leading to embryonic death and abortion or the
appearance of fetal malformations.122 Another hypothesis
claims that the diabetic milieu causes a reduction in phos-
phatidylinositol turnover, leading to a disruption in the
arachidonic acid cascade and resulting in a deficiency of
prostaglandins, particularly prostaglandin E2 (PGE2).
Accordingly, it was found that yolk sac prostaglandin levels
were undetectable in diabetic women prior to elective abor-
tion but high in normal controls.123

Other researchers introduced a mouse model of premature
programmed cell death to explain adverse pregnancy 
outcomes in diabetes. In this model, raised glucose concentra-
tions altered gene expression in developing tissues, leading 
to apoptosis in key progenitor cells of the mouse blastocyst or
mouse postimplantation embryos, resulting in abnormal
morphogenesis or miscarriage.124 Although these findings are
still preliminary and limited to mouse, the paradigm is sup-
ported by examples in other cell systems including human-
derived cell lines.124

Diabetes and male infertility
Erectile dysfunction
Diabetic men have a higher prevalence of erectile dysfunction
(ED) than nondiabetic men. Erectile function is primarily a
vascular phenomenon, triggered by neurologic controls and
facilitated by appropriate hormonal and psychological com-
ponents. All of these factors are affected by diabetes. Recent
advances in the understanding of the physiology of penile vas-
culature and its role in male sexual performance have influ-
enced the clinical approach to ED. A thorough history and
physical examination are an important aspect of ED manage-
ment. It is also important to rule out secondary causes such as
hypogonadism and thyroid abnormalities.125

A large cohort study of 31,027 men between the ages of 53
and 90126 showed that the age-adjusted RR of ED was 1.32
[95% confidence interval (CI) 1.3–1.4) in those who had dia-
betes compared to those who did not. These findings
remained significant in multivariate regression analyses 
(Type 1 diabetes: RR = 3.0, 95% CI 1.5–5.9; Type 2 diabetes:
RR = 1.3, 1.1–1.5). In men with Type 2 diabetes, the risk of ED
increases with increased duration of disease. Another study
reported ED in 86.1% of diabetic males, varying in degree
from mild in 7.7%, to moderate in 29.4%, to severe in
49.1%.127 The prevalence of ED was three times higher in the
group over 50 years of age compared those under 50 years of
age, and was also higher in the group with a long (>10 years)
history of disease compared to those with a history of <5
years. Men with poor metabolic control were 12.2 times more
likely to report ED than men with good metabolic control.
Over half the diabetic patients with ED had one or more 

diabetes-related complication compared with 20.5% of those
without ED.

Various treatment modalities have been suggested for ED
in diabetic patients. The development of oral medications that
inhibit the action of phosphodiesterase in the penile vascula-
ture has revolutionized the treatment of impotence in diabetic
men. These drugs are currently the treatment of choice for
most patients.126,128 However, some authors claim that self-
intracavernous injection of vasoactive substances is still the
sole effective therapeutic modality when ED is severe, and that
younger men with Type 2 diabetes treated with low doses of
PGE1 are more likely to respond to oral sildenafil (Viagra)
than men with Type 1 diabetes or men treated with mixtures
of vasoactive drugs.129

Retrograde ejaculation
Retrograde ejaculation causes <2% of all cases of male infer-
tility but it is the leading cause of aspermia,130 the incidence of
which is increased in patients with diabetes because of the
presence of diabetic neuropathy. Treatment approaches
include drugs such as imipramine or ephedrine,131 insemina-
tion with sperm-rich urine obtained after masturbation, blad-
der washing after masturbation for sperm retrieval and
assisted reproduction technology using the intracytoplasmic
sperm injection.

Impaired semen production
In adult rats, long-term diabetes with sustained hyperglycemia
leads to significant testicular dysfunction associated with
decreased fertility potential,132 and this may also be true for
humans. Garcia-Diez et al.,133 in a study of 80 patients with
Type 1 diabetes, found significant alterations in semen param-
eters and levels of prolactin and testosterone. In all patients,
seminal insulin concentrations were higher than serum con-
centrations. The authors speculated that the hormone freely
crosses the blood–testis barrier. The levels of insulin in serum
and seminal plasma did not correlate with semen parameters
and were not suitable markers of seminal quality.

Padron et al.134 studied 32 adolescents with Type 1 diabetes
and aged-matched controls. The Type 1 diabetes group had
significantly lower semen volume, motility and morphology,
non-significantly lower sperm count, and significantly higher
seminal fructose and glucose levels. There were no differences
in plasma testosterone levels. No correlation was detected
between clinical parameters (age at onset and duration of dia-
betes and time since first ejaculation), semen parameters,
plasma testosterone level, glycemia or glycosuria.

In another study, subjects with Type 1 or Type 2 neuro-
pathic diabetes showed a highly significant increase in total
sperm output and sperm concentration compared to age-
matched nondiabetic controls.135 Sperm motility and semen
volume were reduced by about 30 and 60%, respectively.
Sperm morphology and quality of sperm motility remained
unaffected. The authors suggested that the significant decrease
in semen volume could be the result of Leydig cell hyperpla-
sia, which in turn may stimulate spermatogenesis and atonia
of the bladder and urethra, resulting in retrograde ejaculation.
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Conclusions
Type 1 diabetes is associated with delayed menarche if diabetes
is diagnosed prior to 11 or 12 years of age. Menstrual distur-
bances, such as oligomenorrhea, amenorrhea, and polymen-
orrhea, occurr in 16–30% of women. Diabetes apparently does
not affect the ability to conceive, but affected women have
fewer pregnancies and fewer births per pregnancy than con-
trols. Suggested mechanisms for infertility in diabetes are
hypothalamic–pituitary dysfunction, impaired folliculogene-
sis, functional deficit in noradrenergic neurons within the
hypothalamus, microangiopathy, and decreased ovarian SOD
activity.

PCOS is a metabolic disorder with widespread systemic
effects. The accompanying insulin resistance and hyperinsu-
linemia mark this syndrome as a prediabetic state, with 
high incidence of IGT, GDM, and overt diabetes. Fertility may
also be impaired due to anovulation, impaired implantation
and higher rates of spontaneous abortions. All of these effects
may be related to the hyperinsulinemia. Lifestyle interven-
tions, such as weight loss and exercise, should be the first 
line of treatment in women with PCOS. Those who cannot

maintain weight loss and those who are not overweight 
but nevertheless hyperinsulinemic should be considered can-
didates for metformin treatment. Metformin, an insulin-
sensitizing drug, is being evaluated for its potential long-term
disease-modifying effect, such as prevention of GDM and 
diabetes. Its use may also help restore spontaneous ovulation
and improve menstrual cyclicity, improve the success rate of
induction of and decrease early pregnancy loss. Though not
all of these benefits have been proven by evidence-based med-
icine, given the drug’s relatively low rate of side effects and the
growing experience with metformin in the treatment of
women with PCOS receiving fertility treatment and even
those in early pregnancy, we believe, in agreement with others,
that metformin should be considered in women with PCOS
and insulin resistance.

Although the risk of major malformations remains ele-
vated, despite good to excellent metabolic control, the risk of
spontaneous abortions is substantially lower in well-treated
women and is comparable to that seen in nondiabetic women.
Male diabetic patients may suffer from impotence, retrograde
ejaculation and sexual dysfunction, as well as from impaired
semen production.
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Introduction
Diabetes is one of the most prominent medical disorders 
complicating pregnancy, probably affecting 1 out of 250 
pregnant women.1–3 Gestational diabetes occurs in up to 15%
of all pregnancies4,5 and it is estimated that approxi-
mately 10% of diabetic pregnancies are due to pre-gestational
diabetes.6 Furthermore, diabetes is considered a major risk
factor for congenital malformations, stillbirth, and neonatal
death, all constituting increased perinatal mortality
(PNM).2,5,7 Achieving desired level of glycemic control prior
to and during pregnancy is crucial in order to reduce the
PNM.8–13

Definitions
Perinatal mortality
Perinatal mortality (PNM) still remains the standard measure
to evaluate adverse pregnancy outcome. There is a consider-
able difficulty in estimating PNM due to numerous systems
used and substantial differences in definitions of PNM. Even
the World Health Organization’s (WHO) reports do not all
follow the same definitions.14–16 The American National Vital
Statistics System and the British CEMACH (Confidential
Enquiry into Maternal and Child Health) both use gestational
age as the basis for calculation of stillbirth and neonatal death
but differ in the referred gestational age (20 vs. 24 weeks of
gestation).2 In the Netherlands, gestational age >24 weeks
and/or birth weight >500 g were used and a French survey
used either 22 weeks of gestation or 500 g at birth for their
study.13,15 This variance between reports makes international
comparisons somewhat more difficult and may hinder identi-
fication of temporal or geographic trends. Furthermore, little
can be said about the standard of care which is reflected by
these adverse pregnancy outcome measures.

The following definition of PNM has been adapted 
internationally:

Live birth was defined by the WHO as:

The complete expulsion or extraction of a product of con-
ception, irrespective of the duration of pregnancy, which
after such separation breathes or shows any evidence of life,
such as beating of the heart, pulsation of the umbilical cord,
or definite movement of voluntary muscles, whether or not
the umbilical cord has been cut, or the placenta is attached,
each product of such a birth is considered live born.14

Common causes of perinatal mortality
The cause of death can be identified in 65–75% of cases, depend-
ing on expertise of the multi-disciplinary team involved.17

Stillbirth or fetal death is defined as an involuntary loss in
which the fetus (>20 weeks’ gestation) showed no evidence of
life (i.e. no heartbeat or respiration) on delivery.18 In other
studies stillbirth is the death of a fetus >24 or 28 weeks of ges-
tation.4 There are considerable variations regarding the rates
of stillbirth in different countries. The WHO’s report on the
topic of stillbirths (defined there at >28 weeks of gestation and
>1000 g and excluding ‘lethal’ congenital anomalies) reported
an almost 50-fold difference in stillbirth rates between high
and low income countries.16 Stillbirth may account for up to
50% of cases of PNM and the underlying cause may remain
obscure depending on resources applied.19 Causes for still-
birth are generally grouped into three categories: fetal, placen-
tal, and maternal (Table 64.1).17

Neonatal death is the death of a live born infant before the
age of 28 days. Neonatal death can be divided into early and
late neonatal deaths. Early neonatal death is defined as the
death of a live-born infant during the first 7 days after birth.
Late neonatal death is the death of a live-born infant after 
7 days but before 29 days of birth.2,20,21 Neonatal death is
largely attributed to four factors: preterm delivery, infections
(mainly sepsis and pneumonia), birth asphyxia, and fetal
anomalies affecting the neonatal period.20

Early pregnancy loss
Early pregnancy loss is an indirect measure related to quality
of care before and during early pregnancy. Early pregnancy
loss or spontaneous abortion refers to pregnancy loss at less
than 20 weeks gestation in the absence of elective medical or
surgical measures to terminate the pregnancy.20

still births deaths from 0 to 6 days of age+
aall live births still births+

× 100.
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Etiology of perinatal mortality
Diabetes affects the metabolism of all nutrients (carbohy-
drates, fatty acids and proteins), glucose being the most
prominent. Glucose and those other metabolic fuels operating
at the different stages of pregnancy may account for the mul-
titude of pathologies inflicted upon the offspring of the dia-
betic mother. These pathologic conditions range from
congenital malformations and intrauterine fetal death to
macrosomia, respiratory distress and hyperbilirubinemia.
Poor metabolic control may also induce alternations in levels
of fatty acids and amino acids. This provides an altered envi-
ronment in which the embryo and fetus of the diabetic
mother may be exposed to changes in gene expression and
increased teratogensis.22,23

Hyperglycemia by itself, is involved in the pathogenesis of
factors contributing to PNM throughout the entire length of
pregnancy.24 In vitro, high glucose levels generate free oxygen
radicals which are linked to mechanisms of cellular
damage.22–25 Not surprisingly, the congenital malformation
rate (which largely contributes to higher rate of PNM in preg-
nancies complicated by diabetes) was found to be inversely
related to maternal age and directly related to the level of
glycemic control during early pregnancy.26,27 Good glycemic
control brings about adequate levels of glucose and insulin
and is therefore associated with lower levels of ketones. It was
suggested that maternal ketosis plays an important part in the
occurrence of congenital malformations in the fetus.28

Later in pregnancy, maternal hyperglycemia is translated
into fetal hyperplasia of pancreatic islet cells and hyperinsu-
linemia. Pedersen and colleagues29,30 linked this to early
neonatal hypoglycemia. A series of studies by Salvesen 
et al.31,32 demonstrated that hyperinsulinemia is related to cord
blood acidemia and hypoxemia. It is suggested that hypoxemia
and academia are related to increased rates of stillbirth and
neonatal death observed in the diabetic population.
Furthermore, insulin has an anabolic effect on muscle and
adipose tissue linked to fetal macrosomia.32,33 Macrosomia in its
turn is related to increased risk of PNM and shoulder dystocia.34

Perinatal mortality in the diabetic
population
Although steps forward in modern obstetrics allow early 
detection of congenital malformation and assessment of fetal 

well-being, PNM rates in the diabetic population still remain up
to five times higher than those of the general population.3,24

In order to try to achieve further reduction in PNM rates of
diabetic women, focus should be put on the various compo-
nents constituting overall perinatal outcome in the different
stages of the diabetic pregnancy. A closer examination of the
various components comprising PNM rate may help elucidate
specific points at which intervention might assist in the over-
all reduction of PNM in the diabetic population.

Numerous studies have demonstrated that there is an
inverse relationship between maternal blood glucose levels
and adverse pregnancy outcome. Pioneer work done during
the 1960s and 1970s allowed the inverse relationship between
mean blood glucose levels and perinatal mortality to be plot-
ted. These studies suggest that normalization of blood glucose
levels might equal the PNM in the diabetic population to that
of nondiabetic population.35 Karllson and Kjellmer divided
their diabetic gravid patients into three groups according to
White’s classification and mean blood glucose levels. MBG
<100, 100–150, >150 were related to PNM of 3.8, 16, and 
24% respectively, but no association was found between
White’s classification and PNM.35 The established inverse rela-
tionship between maternal metabolic control in patients with
pre-gestational diabetes and the risk for PNM36 was also
demonstrated in patients with gestational diabetes (also
related to maternal age and obesity).37,38

Early pregnancy loss
The altered intrauterine conditions in women with diabetes
are probably associated with increase in early pregnancy loss
rate. However, the exact quantification of the added risk in the
diabetic population is difficult to assess due to the indefinable
incidence of miscarriages in the general population.44,45

Pre-gestational diabetes
The incidence of pregnancy loss in the diabetic population has
declined substantially since the introduction of insulin in the
early twentieth century. During the 1940s and 1950s the
reported pregnancy loss rate (‘sudden fetal death’) was
approximately 20%.46 This might reflect the association
between enhanced glycemic control (both pre-conceptionl
and during the first weeks of organogenesis) and the
decreased rate of malformations.47 Most of the studied report-
ing outcome of miscarriage included patients with pre-
gestational diabetes, without a specific distinction between
Type 1 and Type 2 diabetes. The reported rate of spontaneous 

Table 64.1 Percentage occurrence and causes of stillbirth

Category Percent occurrence Causes

Fetal 25–40 Chromosomal anomalies, congenital malformations, infections, hydrops
Pacental Up to 25 Placental abruption, cord accidents, infections, feto-maternal

hemorrhage, placenta previa
Maternal 5–10 Hypertension, vascular disease, thrombophilia, trauma, substance abuse
Other – Combined causes, e.g. maternal illness causing placental abruption or

insufficiency, or cause unknown
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abortions in women with Type 1 diabetes is approximately 
17%.48 The pooled estimate risk for early pregnancy loss in
patients with Type 1 and Type 2 diabetes was calculated to be
3.23 RR (95% CI, 1.64–6.36).3

Good glycemic control around the period of conception
reduces the risk of early pregnancy loss to that observed in
nondiabetic population. High levels of HbA1c above normal
range showed progressively high pregnancy-loss rates. Lower
levels of HbA1c were associated with lower early pregnancy-
loss rates among women with Type 1 DM.18,49,50 Therefore
HbA1c can be regarded as an indirect measure of adverse out-
come and be used for quality control.

A threshold level of HbA1c of 10–12% correlating with
mean blood glucose (MBG) of 150–170 mg/dL, is suggested 
as the upper limit for reducing the risk of spontaneous 
abortions.51

Gestational diabetes mellitus
Only few studies investigating GDM and pregnancy outcome
have included early pregnancy loss as one of the outcome
measures examined. Therefore, there is a scarcity of data con-
cerning the exact proportion of spontaneous pregnancy loss
in this specific sub-group of diabetic patients.

Rudge et al.52 described pregnancy results in women with
abnormal glucose tolerance including women diagnosed with
GDM. They reported an abortion rate of 0.8% in the group of
patients with altered diurnal glycemic profile without frank
diabetes (as opposed to no abortions in the control group).
There is evidence to support the theory that some metabolic
abnormalities such as insulin resistance and high levels of fast-
ing blood glucose may be apparent at early stages of preg-
nancy in women who are subsequently diagnosed with
gestational diabetes.53 An alternative explanation is that this
constitutes a group of women with undiagnosed Type 2 
diabetes.

These studies and others offer circumferential support 
that GDM represents a metabolic disorder that interferes 
with the outcome of pregnancy from conception to delivery
even though it is generally diagnosed throughout the third
trimester.

Stillbirth (late fetal loss)
Stillbirth is a major component of PNM in the diabetic 
population (see Tables 64.2 and 64.3). Congenital malforma-
tions are thought to be the most established causes of stillbirth
in the diabetic population. The most common malformations
are cardiovascular, and neural tube defects,2 but diabetes 
was not found to be predictive of any specific malforma-
tions.19,54,55

Fetal metabolic acidosis with and without hypoxemia (as
discussed above) are more prevalent in the diabetic popula-
tion.31,32,56 Their presence may offer an additional explanation
for late fetal demise in the diabetic population. Most studies
investigating the pathophysiological basis for fetal death unre-
lated to congenital anomalies were done in women with
PGDM29,56 but it is reasonable to assume that women with
GDM may share the same pathophysiological events as they
also present the same high stillbirth rates.

The higher prevalence of other recognized risk factors 
for stillbirth such as maternal obesity, hypertension, and
advanced maternal age in the diabetic population may all 
contribute to higher stillbirth rates.2,57 Late fetal death occurs
more often in women with poor metabolic control, ketoacido-
sis and vascular complications probably as a result of fetal
metabolic acidemia and hypoxemia.58 Landon et al.58 found
that women with Type 1 diabetes with vascular complications
were at greater risk for abnormal fetal surveillance tests and
subjected to more obstetric interventions such as induction of
labor. In the group of patients who needed intervention, fetal
cord pH was significantly lower then the non-intervention
group. This may also serve as an indirect measure of fetal aca-
demia (in diabetic women as a possible cause of fetal compro-
mise which may lead to intrauterine fetal death).

Pre-gestational diabetes
The reported rate of congenital malformation in patients with
Type 1 diabetes in some population based studies is 3- to 5-
fold higher than that of the general population.15,48 Congenital
anomalies in women with Type 2 diabetes are also signifi-
cantly higher than that of the general population and con-
tribute to the increased PNM rate reported in this sub-group
of patients.12,13 The congenital malformation rate in patients
with Type 2 diabetes is equal, or even exceeds that of Type 1
diabetes.12,13,59

Stillbirth rate in women with pre-gestational diabetes may
reach 28–46 per 1000 live births, a rate three to five times
higher than that of the general population.2,12,38 Lauenborg 
et al.,19 in an audit on 25 cases of stillbirth in Type 1 diabetes
patients found a direct relationship between poor glycemic
control both before and during pregnancy (measured by
HbA1c levels) and higher incidence of stillbirth. The relative
risk for stillbirth in patients with Type 2 diabetes was found to
be 4.7 (95% CI, 3.7–6.0).12 Cundy et al.38 reported a 7-fold
increase in the risk for late fetal death in women with Type 2
diabetes which contributed to a high PNM rate of 46 per 1000
in that study. This was attributed to maternal factors such as
obesity and advanced maternal age more prevalent in his
study group. Furthermore, patients with Type 2 diabetes tend
to be of lower socio-economic class and part of an ethnic
minority group, demographic differences that are inter-
related to lack of preconception care and may be confounding
in interpretation of results.2,12,38

Gestational diabetes mellitus
The stillbirth rate in patients with GDM is greater than that of
general population. The exact extent of increase in stillbirth
rates is dependant upon the severity of glucose intolerance
and degree of glycemic control. Stillbirth rate are only slightly
increased when good glycemic control is achieved (stillbirth
rate of 4.8 vs. 4.2 per 1000).11 Pettitte et al.57 reported
increased risk of stillbirth mainly related to excessive fetal
growth, which is also a measure of increased hyperglycemia
and hyperinsulinemia. The threshold for this pregnancy com-
plication seems to be between 105 and 110 mean blood glu-
cose (MBG), patients who achieve glycemic control below
these values have stillbirth rate comparable to those of general
population.51
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Neonatal death
Preterm delivery
Pre-gestational diabetes. Preterm delivery is strongly related
to adverse neonatal outcome.2,4,13 Over one-third of infants of
pre-gestational diabetic mothers were born prematurely.2 The
rate of preterm delivery (both spontaneous and induced) in
Type 1 diabetic population is as high as 45%.13 Poor glycemic
control (elevated HbA1c) levels and vascular complications
(pre-eclampsia and nephropathy) are predictive factors for
preterm labor.60–62

The CEMACH enquiry reported the risk for preterm deliv-
ery in the diabetic population (Type 1 and Type 2 diabetes) to
be nearly 5-fold higher in comparison to the general popula-
tion. Up to two-thirds of preterm deliveries were induced
(‘medically indicated’), and nearly 37% of them were due to
presumed fetal compromise.2 Some studies indicate that the
proportion of induced preterm delivery due to presumed fetal
compromise is greater in the diabetic population than that of
general population.2

Diabetes complicated by nephropathy or vascular disease
causes an overall higher preterm delivery even when com-
pared to a group of women with chronic hypertension, which
might suggest there are other pathophysiological factors con-
tributing to the adverse outcome.60

Gestational diabetes mellitus. There is an association
between increased incidence of preterm delivery and gesta-
tional diabetes. Hedderson et al.63 found that the risk 
for preterm delivery increased with increasing levels of
glycemia (ranging from abnormal screening, but normal 
diagnostic glucose tolerance test to GDM). The relative risk
for preterm labor was 1.42 (95% CI, 1.15–1.77) for the 
GDM group compared to normal controls. This association
was also present for both induced and spontaneous preterm
labor.63–65

The degree of glucose intolerance or ‘early onset’ of
GDM is linked to a higher incidence of preterm labor.
This may suggest an inverse relation between length of
pregnancy and poor glycemic control, and identify poor
glycemic control as a marker of increased risk for preterm
delivery.9

Macrosomia
Pre-gestational diabetes. Macrosomia is associated with
increased PNM and increased birth trauma. Birth related
trauma in women with pre-gestational diabetes are much
higher than those in the general population: shoulder dystocia
(more then 2-fold), birth related fractures, and Erb’s palsy
(more than 10-fold).2,10,53 Higher rates of shoulder dysto-
cia carry an increased risk of PNM. Sheiner et al. found 
PNM rates of 3.7% in infants suffering from shoulder 
dystocia versus 0.5% in those without (OR 7.4, 95% 
CI, 3.5–14.9).66

Mondestein et al. reported that PNM is increased 
among diabetic pregnancies at all birth weight categories 
over 1250 g,67 but especially when fetal weight exceeded 
4000 g, thus doubling the risk of fetal death in the diabetic
population reaching 5.9/1000 births (adjusted RR 2; 95% 
CI, 1.8–2.2).67

There was no significant difference between the rates of
macrosomia in infants born to women with Type 1 diabetes
compared with those born to women with Type 2 diabetes.2 In
unselected diabetic populations of patients with Type 1 and
Type 2 diabetes, up to 50% of infants of diabetic mothers are
born at weights >90th percentile. These patients were sub-
optimal in their glycemic control, as reflected by HbA1c
levels.2,53,66 The risk for delivery of a macrosomic child is
directly related to glycemic control measures throughout
pregnancy.

Gestational diabetes mellitus. A high rate of macrosomia is
also reported in infants of mothers diagnosed with GDM
(increased risk of 2- to 4-fold).5,9 Women with GDM who
attend an intensive pregnancy surveillance have a 4-fold
decrease in the risk birth related complications compared with
GDM patients receiving ‘standard’ prenatal care.41

Langer et al.68 demonstrated the relationship between
glycemic control (namely mean blood glucose levels <105)
and reduced incidence of macrosomia.

The above is not direct evidence for the relationship
between metabolic control, macrosomia, and reduced PNM.
However, it is logical to assume that intensive prenatal care
results in better glycemic control which contributes to
improved outcome.

Respiratory and metabolic complications
Admission to neonatal intensive care units (NICU) or other
special care units is more common in infants of diabetic
mothers, and reaches up to 50% of neonates.2,13,33

The NICU admission rate is an indirect measure of mor-
bidity and of quality of care in the diabetic population (both
PGDM and GDM). The majority of admissions are due to a
myriad of conditions that may all contribute to early or late
PNM in the diabetic population, such as hypoglycemia,
hyperbilirubinemia, respiratory distress due to lung immatu-
rity, etc. Premature infants are more prone to episodes of
hypoglycemia than term infants;33 however, even after correc-
tion for preterm birth the proportion of infants of diabetic
mothers hospitalized in NICU is still significantly higher than
general population.2,33,62,64 For instance, the rate of hypo-
glycemia in infants born to Type 1 diabetes may reach 50% in
premature infants and 23% in term infants.61 Pulmonary
complications ranging from transient tachypnea to respira-
tory distress are more common in infants of diabetic mothers
resulting from abnormal lung maturation caused by hyperin-
sulinemia.51 There is a direct relationship between higher
rates of respiratory complications and poor glycemic con-
trol,24,33 but there is little information concerning the esti-
mated threshold of glycemia which carries an increased risk
for respiratory complications.51 Another problem is the lack
of data relating directly to the relationship between higher
rates of these ‘metabolic’ complication and PNM. These com-
plications may carry an increased risk for morbidity and
mortality, but exact quantification of this added risk is diffi-
cult due to lack of information. It is believed that with
modern resources, the greater part of these complications
have a minor influence on actual mortality rates, but may
cause increase in morbidity.
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What can be done to reduce the rate
of perinatal mortality in pregnancies
complicated by diabetes?
The St Vincent declaration given in 1989 set a goal to equalize
pregnancy outcomes of women with diabetes mellitus to those
of nondiabetic women within 5 years. Although there has
been considerable advancement in the ability to detect fetal
anomalies, establish fetal well-being and maturity, this goal,
which was perceived as feasible at the time (especially in light
of the conceivable improvement in pregnancy outcomes of
insulin-dependant diabetic women), has not been met.
The presence of diabetes is thought to increase the risk for
congenital malformation by as much as 10-fold, stillbirth 
(up to 5-fold), and neonatal death (3- to 4-fold).3

Furthermore, some reports imply that the trend toward
decline in PNM rates in the diabetic population is less than the
decline in PNM observed in the general population during the
same time period.4,18

Good glycemic control is a fundamental part in avoiding
adverse pregnancy outcome. In order to elucidate possible
causes for this apparent failure to meet goals set at St Vincent,
two important issues must be addressed. The first issue is the
extent at which the diabetic population meets the health care
practitioners’ criteria for ‘good diabetic control’.

There are very few randomized control trials (RCTs)
regarding the relationship between glycemic control and preg-
nancy outcome.69 The DCCT (Diabetes Control and
Complications Trial) suggested that early and tight glycemic
control might reduce pregnancy-loss rates and congenital
anomalies rates equal to those of general population.70 This
finding was not repeated in the Cochrane’s review on three
other RCTs.69 Conversely, observational studies (which
included less selective populations) failed to demonstrate such
a substantial reduction.2,13 Some of the difference can be
explained by the fact that different cut-off points for HbA1c
levels to distinguish between poor and good glycemic control
were used. There were also dissimilarities regarding the time
in which the predictive HbA1c measurement was taken (first
trimester, first antenatal visit etc.), and the number of meas-
urements used to categorize women in ‘poor’ versus ‘optimal’
control. It is clear that a single HbA1c measurement can not
be used as an absolute predictor for pregnancy complications.

HbA1c may reflect long-term average glycemic control, but
there are many limitations to its use, raising important 
questions regarding its adequacy as a measure of glycemic
control (vs. other methods such as self-monitoring blood glu-
cose levels, MBG or fasting blood glucose). Furthermore the
optimal HbA1c level that should be set as a treatment goal is
beyond the scope of this chapter. Langer and colleagues71 pro-
vided support for those calling to rely on maternal glucose
levels as a measure of glycemic control rather then HbA1c.
They showed that strict glycemic control resulting in near nor-
moglycemia leads to perinatal morbidity and mortality rates
almost comparable to those of nondiabetic population. Other
studies also hold up the hypothesis that intensive care consist-
ing of maternal glucose monitoring and decisions concerning
insulin treatment based upon its results are related with
enhanced perinatal outcome.72,73

The second issue regarding the failure to meet St Vincent
goals is related to preconception counseling in the diabetic
population. Preconception counseling is significant due to the
fact that the crucial phase of organogenesis takes part during
early pregnancy, at which timely and adequate metabolic con-
trol is important for optimal pregnancy outcome.

A meta-analysis8 reviewing 14 cohort studies concerning
patients with PGDM, calculated a major malformation rate of
2.1% in women attending PCC versus 3.5% in those without
PCC (RR 0.36; 95% CI, 0.22–0.59). This connection between
preconception care (PCC) and reduction in adverse preg-
nancy outcome (mainly spontaneous abortions and congeni-
tal anomalies) was also demonstrated in other studies.13,15,34,74

The topic of PCC may need special attention in women with
Type 2 DM as they tend to differ in lifestyle, age, and econom-
ical background and often require change in treatment regime
(oral antiglycemics drugs or insulin).2,15,39

The route towards improved PCC attendance remains
somewhat obscure. Some of the factors associated with low
attendance rates such as education level, socio-economic
status, and ethnic background are not in the hands of health
care providers. However, diabetic patients should be coun-
seled against PCC failure and unplanned pregnancies, and
provided with accessible preconception education and care
programs.

Tables 64.2 and 64.3 summarize data regarding PNM and
its various components in women with pre-gestational and
gestational diabetes, respectively.
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coronary artery disease, fetal undernutrition and 309, 309
corticosteroids, antenatal, NIH guidelines 271, 273
cortisol 124, 200, 247

fetal 63
in normal and diabetic pregnancy 72

cost-effectiveness 
of interventions in GDM 394–6
of interventions in pregnancy 392–3
of preconception care in pre-gestational diabetes 393–4, 393

costs
of alternative approaches to diagnosing GDM 394–6, 395
of diabetes care 420
of pregnancy care and adverse outcomes of

pregnancy 392, 393
counseling

pre-pregnancy, thyroid disease and 344–5
previable fetal patients and 412–13

COX-2 179
C-reactive protein (CRP) 108
crown–rump length (CRL) 253
cryptorchidism 127
cultural assessment 479–80
Cultural Competence in Health Care Quiz 478–9, 480–1
culture and health communication 478
cytochalasin B 170

Damm, Peter 18
Dandy–Walker malformation 254
databases 431–7

cautions and concerns 432
developments 431
evidence or lack of it 432
evidence-based medicine and 431–2
IT and 446

dawn phenomenon 200, 237
dehydroascorbic acid 29
7-dehydrocholesterol 30
dehydroepiandrosterone 124
dehydroepiandrosterone sulfate 124
delivery 283–9

fetal overgrowth 286
induction vs expectant management 388
lung prematurity and iatrogenic prematurity 284–6
ultrasonography in detection of fetal overgrowth 286–7
vaginal delivery vs Cesarean section 388
see also Cesarean section

depomedroxyprogesterone acetate (DMPA) 455
destructive hyperthyroidism 350
diabetic animals, pregnancy in 86–97

genetically determined Type 1 diabetes
BB rats 93
NOD mice 93
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diabetic animals, pregnancy in (Continued)
genetically determined Type 2 diabetes 93–5

C57 BIKS leprdb+ heterozygotes 94
C57BL/6J mice 94
Goto–Kakizaki rats 94–5

nutrition-induced diabetes 95
Psammomys obesus 95

streptozotocin (STZ)-induced diabetes 86–92, 96, 96
diabetes characteristics 86
embryopathy 88–9, 89
enzymes of metabolic pathways 88
fetal hyperinsulinemia as cause of macrosomia 

91–2, 92
glucose ands glycogen metabolism 86–7, 87
lipid metabolism and transport in 87–9, 87, 88
mild GDM 91
neonatally STZ-administered rates (nSTZ) 89–90,

90, 96
progeny 90–1, 91

diabetic coma 3
diabetic embryopathy (DE) 174
diabetic ketoacidosis 9, 333–7

artificial pancreas use and 244–5
continuous subcutaneous insulin infusion and 234
diagnosis 335
fetal effects 335–6
pathogenesis 334–5, 334
prevalence, precipitating factors and prognosis 333–4
prevention 336
treatment 336

diabetic macular edema (DME) 318
diabetic nephropathy 330–2

counseling 331–2
effect on pregnancy outcome 331
effects of pregnancy on 330–1
pathophysiology and treatment 330
treatment during pregnancy 331

diabetic retinopathy 192, 318–25
insulin and  208–10
in nonpregnant patients 318–21

antiplatelet agents 320
classification 318
epidemiology 318
experimental therapies 321
glycemic control 320
high-risk characteristics for severe visual loss 320
laser photocoagulation 320–1
multifactorial risk reduction 320
nonproliferative 318, 319
pathogenesis and natural history 318–20
pre-proliferative 319
proliferative 319–20, 320
treatment 320–1
vitrectomy 321

in pregnancy 321–4
antenatal follow-up 323–4
delivery 324
impact on development and progression 321–3
insulin analogs 324
laser photocoagulation 324
management 323–4
perinatal outcome 323
preconception counseling 323
risk factors 323

Diabetic Retinopathy Severity Scale 319
diabetologic education in pregnancy 424–30

guidelines of diabetes care 427–30
informative stage 427–8
support stage 429–30
training stage 428–9

objectives 425–7, 425
reaction to diagnosis 424–5

adaptation phase 424
anxiety phase 242
negotiation phase 424
protest phase 424
shock phase or initial denial 424

diet 387
docosahexaenoic acid 48, 52
Doppler flow velocimetry 259–63

of fetal arterial area 261–2
of fetal cardiac and venous areas 262–3
of umbilical artery 260–1
of uterine circulation 260

Down’s syndrome 182
driving 419–20
Duchenne palsy 287
duodenal atresia 176

17β-estradiol 72
early pregnancy loss

definition 493
in diabetic population 494–9

gestational DM 495, 497
pre-gestational diabetes 494–5, 496

eHealth Action Plan for Europe (European Commission)
2004–2010 441

e-health sites 441
eicosapentaenoic acid 52
electronic fetal monitoring (EFM) 276
employment 419
equinovarus 254
Erb’s palsy 113, 197, 255, 286, 287, 367
essential fatty aids (EFA) 26, 28
estradiol 35
estrogen 206

in normal and diabetic pregnancy 72
ethics

Cesarean sections and 413
fetus as patient 411–13
obstetric 409
principles 409–11

euglycemia diet 199, 200, 201, 202
EuHealthNet project 439

assisting health professionals 451
consortium involved in 448, 449
empowering health consumer 450
Information centre 448
Online Information Centre 450
Online Research Centre 449–50
Physician Decision Support Tool 448–9
role of e-health 450
scientific and technological objectives 446–8
supporting health authorities and health managers 451
systems and services that benefit health sector 450
technical outputs 448–9

euthyroid chronic thyroiditis 345
evidence-based medicine 385–9, 385–6, 444–5
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examination fraud 420–1
exenatide 53
exercise 388
expert witnesses 422

facial malformations 176
facilitated anabolism 20–1
fasting plasma glucose 108–9, 109, 159, 160
fats in GDM therapy 200–1
fatty acid binding proteins (FABP) 52
fatty acids, carrier-mediated transport 51–3
fatty streaks, arterial 39
FELMA microviscometer 269
femoral–facial syndrome 176
fetal abdominal circumference measurement 190
fetal alcohol syndrome 197
fetal death 283–4, 284
fetal growth

birthweight criteria in normal growth 81
body composition in assessment of 81–2
genetic factors 80–1
infants in women with GDM 82–3, 82–3
infants of overweight and obese women 84, 84
maternal and paternal factors 79
restriction 42

fetal growth factor (FGF) 49
fetal hydrops 42
fetal insulin hypothesis 471, 472
fetal overgrowth 286–7
fetal membranes 43
fetal/placental weight ratio 42
feto-placental blood flow 48
fetus as patient 411–13

dependent moral status 411–13
previable fetal patients 412–13
viable fetal patient 412

independent moral status 411
fibronectin 183
fluorescein angiography 324
fluorescence polarization 268
foam stability test 270
folate receptor (FR) 29

FR-α 29
folic acid 

congenital malformations and 178, 179
metabolism in normal pregnancy 29

free fat mass (FM) 110
free fatty acid (FFA) 65
Freinkel, Norbert 19–23, 20
frog-leg deformity 254
fructosamine assay 406
funisitis 45

GABA 51
gamma-tocopherol 31, 32
gastro-intestinal malformations 176
genetic imprinting 80–1
genetic markers in autoimmune GDM 102–3
genetics

congenital malformations 182–3
diabetes genes in fetal growth 471–2
of diabetic dysmorphogenesis 182–3
fetal genetics altering fetal growth 471–3
fetal insulin hypothesis 471, 472
of GDM 74–5, 125, 467–8

genetics (Continued)
in glucokinase pregnancy 471
maternal diabetes, etiology of 466–71
molecular genetic studies 472–3
monogenic 468–71, 469
paternal associations with birthweight of offspiring 472
polygenic diabetes 466

gestational diabetes mellitus (GDM)
amino acid alterations in 39
diagnosis of 389
early diagnosis as risk factor 127
epidemiology 118–29
genetic factors 74–5, 125, 467–8
glucose alterations in 37–8
history of 3
immunology of 100–4
insulin sensitivity and resistance 71–2
lipid alterations 38–9
long-term effects 110
long-term risks to mother 110
long-term risks to neonate 110–11, 111
mechanisms leading to development of 37
multiple pregnancy and 124
pathogenesis 71–6
racial distribution 118–19, 119
recurrence 125
risk factors 119–24, 120–3
treated vs untreatment 114–15, 115

gestational hypertension 128
ghrelin 373
glibenclamide 138
glimeperide 219
glipizide 53, 218, 222
GLP-1 53
glucagon 63, 247, 251, 334
Gluco Watch Biographer 405
glucocorticosteroids, RCOG guidelines 272, 273
glucogenesis, fetal 64
glucokinase 468, 468
glucokinase (GK) mutations 80, 80
glucose, carrier-mediated transport of 49–51
glucose carbon contribution to glycogen formation, fetal 63–4
glucose challenge test (GCT) 16, 157, 158–9, 198
glucose control, intrapartum 387
glucose gradient, maternal–fetal 47–8
glucose metabolism, fetal, effect of hormones on 63
glucose monitoring 388–9
glucose-6-phosphatase 64
glucose sensors 439
glucose stimulated fetal insulin secretion (GSIS) 62
glucose tolerance, impaired

child 365–7
after GDM 379–82, 380
Pima Indian study 365–6, 365–6
as risk factor of adverse outcome of GDM 125–6
studies 366–7, 366

glucose tolerance test 126–7
glucose toxicity and postprandial hyperglycemia 205
glucose transport, placental 59–60
glucose transporters 59–60

fetal 61
GLUT1 25, 49–50, 59, 60, 61, 62, 75, 168, 170
GLUT2 75, 168
GLUT3 59–60, 75, 168
GLUT4 49, 50, 61, 62, 63, 75
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glucose transporters (Continued)
GLUT8 49, 59, 168, 170
GLUT12 49

glucose uptake, and utilization, fetal 60–3, 61
kinetics 61–2

glucose utilization rate (GUR) 61, 61
α-glucosidase inhibitors 53, 218, 219 
GlucoWatchTM 243
glutamic acid decarboxylase (GAD65A) 100

in GDM 102
glyburide (glibenclamide; glybenzcyclamide) 53, 190, 218–19, 220,

220, 221, 222, 223–5, 223, 226
glycated hemoglobin (HbA1c), quality 405–6
glycated serum proteins, quality 406
glycemic control, strict

short-term neonatal complications and 359–60, 359
glycemic profile

in nondiabetic pregnancies 228–9
in normal vs diabetic pregnancies 228
postprandial 229–30, 229

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 180, 182
glycerol 27
glycerol-3-phosphate 27
glycosylated hemoglobin (A1c) 205
goiter 344, 349
Goto–Kakizaki rats 94–5
Graves’ disease 100, 344, 345, 346–7, 350
growth hormone 247
growth restriction 108

1α-hydroxylase 30
1,25-hydroxyvitamin D 25
25-hydroxyvitamin D 25
Hashimoto’s thyroiditis 344, 345, 349
HDL 27
HDL binding 51
health care communication informatics 444–5
health care informatics 440–5
health information technology (HIT) 440
hemoglobin A1c 200
hepatic lipase (HL) 27
hepatic nuclear factor 1α 470
hip dislocation 254
history of diabetic pregnancy 1–7

1940–1980 15–17
1980–present 17
early history of diabetes 1–2
early publications 3–7
prior to discover of insulin 2–3

HIV/AIDS 9
HLA complex, GDM and 102–3
holoprosencephaly 127, 254
hormonal effect in normal and diabetic pregnancy 72–3
hormone replacement therapy 458–63

in diabetic patient 460–1
atherosclerosis 460
blood lipids 461
cardiovascular risk 460
coagulation system 461
vascular reactivity 460–1

effect on carbohydrate metabolism 459–60
effects on obesity and body composition 462
type and mode of delivery 461–2

human chorionic gonadotropin 343
human chorionic somatomammotropin (hCS) 73, 206

human placental lactogen (hPL) see human chorionic
somatomammotropin (hCS)

hydatiform mole 343
hydrocephalus 254
hydronephrosis 176, 254
β-hydroxybutyrate 112, 179
hyperbilirubinemia 109, 110
hyperemesis gravidarum (HG) 343
hyperglycemia 178, 259

maternal, fetal complications of 197–8
mild untreated 114
undetected 230

hyperinsulinemia 125, 259
hyperinsulinism 37
hyperlipidemia 27–8
hyperplacentosis 338–9
hyperprolactinemia 72
hypertension 44, 45, 128
hyperthyroidism 344, 345

fetal 348
due to Graves’ disease 346–7
neonatal 347–8

hypertriglyceridemia
benefits to fetus and newborn 28–9
in GDM 38
maternal 27

hypertrophic cardiomyopathy 357
hyperzincuria 355
hypoaminoacidemia 26, 62
hypocalcemia 108, 109, 110
hypocaloric diets 203
hypoglycemia 81, 108, 109, 110, 246–51

during diabetic pregnancy 248
fetal 62
fetal heart rate during 250
frequency 246–7

in diabetes 246
during diabetic pregnancy 246–7, 246, 247

lack of awareness of 249–50
maternal 250–1

fetal consequences 250–1
maternal risk 251
in Type 1 diabetic pregnancies 250

pathophysiology 248–9
diabetic pregnancy 248
glucose counter-regulation 247–8
Type 1 diabetes 248
Type 2 diabetes 248–9

protective response to 247
symptoms 249–50, 249
treatment 251
undetected 230

hypospadias 176
hypothyroidism 345

maternal 348
neonatal central 348

IA2 autoantibodies 100
in GDM 102
IA-2A 100
IA-2βA 100

IGF receptor (IGFR) 75
IGF-I 63, 208, 209
IGF-II 63, 66
IGFBP-4 66
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immunoglobulin G 48, 100, 206
imperforate anus 254
India, GDM in 135–40

awareness 135
demographic findings 137–8, 137
geographical variations in prevalence 136
gestational weeks for screening 137
implications 135
insulin therapy 138
management 138
medical nutrition therapy 138
monitoring glycemic control 138–9
oral hypoglycemia agents 138
pattern of delivery 139, 139
prevalence 135–6, 136, 136
prevention 139–40
target glycemic level 139
universal screening 137

infant mortality, at time of discovery of
insulin 2–3, 2

infertility 482–9
in Type 1 diabetes 482–3, 483–4

inositol, congenital malformations and 178
insulin aspart (Novo rapid) 138, 206, 207–8
insulin autoantibodies (IAAs) 100, 101–2
insulin detemir 210
insulin glargine 210

in diabetic retinopathy 324
insulin infusion pumps 212–14, 213–14

algorithms for use in pregnancy 212, 213, 214
insulin-like growth factor 2 (IGF-II) 169
insulin lispro (Humalog) 53, 138, 206, 207–8, 209, 210

in diabetic retinopathy 324
insulin pump 233–9, 439

in artificial pancreas 241, 242, 242
bolus calculators 235
hardware  and disposables 234–5, 235
information management system 236, 236
initiating therapy 236–9

basal rate 236–8, 238
bolus calculations 238
optimizing insulin therapy 238–9
pump use during labor and delivery 239
timing 236

software 235–6
insulin receptor (IR) 75
insulin receptor TK (IRTK) 75–6
insulin requirements 

change throughout pregnancy 237–8, 237
during pregnancy 241, 242

insulin resistance syndrome see metabolic syndrome
insulin secretion, fetal 62–3
insulin signaling in normal pregnancy and GDM 75–6
insulin therapy 205–15

during labor 214
insulin requirements, diabetogenic forces of normal pregnancy

and 205–6
postpartum requirements 214–15
rapid-acting insulin analogs 207, 208–10
rationale for use during pregnancy 206
requirements 211–12, 212
risks of insulin analogues during pre-gestational diabetes in

pregnancy 208
insulinoma-associated antigens  100
interleukin-6 (IL-6) 108

intermediary metabolism 35–9
changes during pregnancy 35

intraretinal microaneurysms (IRMA) 209
intrauterine growth, effects of diabetes on 371–3

blood adiponectin level and 372–3
blood leptin levels and 372
blood levels of ghrelin and 373
glucose and 372
insulin and 372

intrauterine growth restriction (IUGR) 79, 81, 256
asymmetric 81

intravenous glucose tolerance tests (IVGTT) 71, 72
iodine 29
iodothyronine deiodinase 343
iron 29
IRS-1 75
IRS-2 75
islet-cell autoantibodies (ICAs) 100–1

cytoplasmic, in GDM 101
risk of postpartum DM-1 103

isoleucine 48

Japan, diabetes and pregnancy in 150–5
diabetic retinopathy 153–4, 153
incidence of abnormal carbohydrate metabolism 150, 152
nephropathy 153–4, 154, 154
Type 1 diabetes 150
Type 1 diabetes vs Type 2 diabetes 155
Type 2 diabetes 150–3

β-ketoisocaproic acid 179
ketone bodies 27
ketonemia 112, 178, 199
ketonuria 199
Kir6.2, permanent neonatal diabetes due to mutations in 471
Klumpke’s paralysis 197
Kuhl, Claus 18

labetalol 332
labor, monitoring in 276–81

available techniques 276–7
biphasic ST events 278–9
case report 281
clinical research 279–81

EU project 280–1
Plymouth randomized controlled trial 279
Swedish multicenter RCT 279–80, 281

fetal blood sampling (FBS) 277
fetal ECG 277, 278
information required 276
physiology 278
pulse oximetry 277

lactation 29
lamellar-body (LB) count 269
large for gestational age (LGA) 81, 299
latent autoimmune diabetes of adulthood (LADA) 100,

103, 467
Latin America, GDM in 132–4

consequences of not-treating 107–15
definition 107
delivery 191
diagnosis 188
frequency 133
incidence and prevalence 132–3
management 188–93
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Latin America, GDM in (Continued)
maternal mortality 132
medical nutritional therapy 196–203
metabolic monitoring during pregnancy 193
monitoring and therapy 188–91
neonatal complications 109
nutritional therapy 199
perinatal mortality 109–10
physiology/pathophysiology 107–8
postpartum maternal follow-up 191–2
pre-conceptional care of women with diabetes 192–3
pre-gestational diabetes 192–3
risk categories 188
risk factors 133, 133
screening methods 197
treatment and pregnancy outcome 198–9

LCPUFA, transport 28
LDL binding 51
lean body mass (LBM) 110
lecithin 268
lecithin–sphingomyelin ratio (L/S ratio) 267–9
legal aspects 415–23

administrative and related issues 419–21
amniocentesis and delivery 417–18
antenatal care 416
baby 418–19
bank robbery 417
case law 415–16
congenital abnormality following failed sterilization 422
consent to sterilization 422
dietary control 417
doctrine of legal precedent 415
expert witnesses 422
fetal macrosomia 416
forensic matters 419
hypoglycemia attacks 417
involuntary participation in research 422
labor and delivery 417–18
law and medicine 415
mental illness 421–2
post-mortem examination 419
respiratory distress syndrome 418–19
screening for diabetes in pregnancy 416–17
standard of proof 415
statute law 416
stillbirth 418

leptin 73, 108, 372
leucine 39, 48
leukocytosis, relative 356–7
levonorgestrel 455
levothyroxine (L-thyroxine) 344, 348
α-linolenic acid 52
linolenic acid 52
lipids 268

carrier-mediated transport 51–3
fetal metabolism 64–5
maternal–fetal concentration 48
metabolism in normal pregnancy 26–9
plasma, changes during pregnancy 35–7

lipoprotein lipase (LPL) 26, 35, 196
live birth, definition 493
long-chain polyunsaturated fatty acids (LCUFA) 26
lower-intestine atresia 176
lung maturity, fetal 265–73

corticosteroids in 271–3

lung maturity, fetal (Continued)
evaluation 266–71, 267, 267
induction 271–3
pathophysiology in diabetic pregnancies 265–6, 266
prematurity 284–6

macrosomia 38, 42, 81, 108, 109, 110, 113, 197, 254, 255, 255, 362
definitions 291
fetal death 498
lung maturation 305–6
management of 304–6
measurement of fetal body composition 291–2
obstetric management 304–5
period of pregnancy 293–5
prevention 291–5
shoulder dystocia 304–5, 305
stillbirth 304, 305
treatment strategies 293
types 291
value of normoglycemia 293
see also macrosomic fetus, delivery of

macrosomic infant, delivery of 297–302
cesarean delivery 299–301, 300, 300
excessive fetal growth 298–9
existing guidelines 297
fetal demise 297–8, 298, 298
induction of labor 301–2
rationale prior to spontaneous onset of labor 297–9
timing 306

malrotation 176
maternal mortality at time of discovery of insulin 2, 2
maternal–fetal concentration gradients 47–8
maternal serum α-feto-protein (MSAFP) testing 254
maturity-onset diabetes of the young (MODY) 37, 468, 470
meal skipping 238
meconium aspiration syndrome 357
medical nutrition therapy (MNT) 189
meglitinides 218
memory meters 404
menarche, delayed 482
meningomyelocele 254
menstrual irregularities 482
mental illness 421–2
metabolic syndrome 79, 308–14

clinical consequences 311
dyslipidemia 310–11
fetal origin hypothesis 308–10
GDM and hypertensive disorders 312–13
genetic components in insulin resistance 311
in nonpregnant state 310–11, 310
inflammatory component 311
insulin resistance and hypertension in pregnancy 312–13
intrauterine factors 308–10
mechanisms underlying 310, 311
microalbuminuria, diabetes and hypertension in pregnancy 314
obesity and 310
pre-gestational diabetes and hypertensive complications 313–14
pregnancy-induced, mechanisms 37
effect on sympathetic nervous system 311
effect on transmembranous electrolyte pump 311
effect on vascular smooth muscle and epithelium 311

metagestational diabetes 3
metformin 53, 138, 190, 218, 219, 221–2, 223, 224

in Type 1 diabetes 485–7
in vitro feritlization and 486
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metformin (Continued)
metabolic and endocrine effects 485
ovulation induction with CC 486
in pregnancy 487
spontaneous ovulation after 485–6

methimazole embryopathy 344, 347
methionine 48
methyldopa 332
5-methyltetrahydrofolate 29
microalbuminuria 128
mild gestational hyperglycemia (MGH) 127
milk synthesis 29
mitochondrial tRNA leucine 3243 mutation 470–1
mitogen activated protein (MAP) kinase 42, 63
monocarboxylate transporters

MCT1 59
MCT4 59

morula 165–6
multiple pregnancies 338–41

causes 338
GDM in 340–1
GDM rate in 339–40
risk of GDM 338–9, 339

NDDG criteria 158, 161
neonatal death 493, 498
neonatal hyperbilirubinemia 356
neonatal hyperviscosity 355–6
neonatal hypocalcemia 354

calcitonin in 354
clinical manifestations 354
definition 354
etiology 354
physicochemical reaction to hyperphosphatemia 354
prevalence 354
prolonged functional hypoparathyroidism 354
risk factors 354
treatment 354

neonatal hypoglycemia 352–4
clinical manifestations 353
complications 353
definition 352
etiology 353
prevalence 352–3
risk factors 353
treatment 353–4

neonatal hypomagnesemia 354–5
clinical manifestations 355
definition 354
etiology 354–5
prevalence 354
treatment 355

neonatal mortality at time of discovery of insulin 2, 2
neonatal polycythemia and hyperviscosity 355–6

clinical manifestations 356
definition 355
etiology 355–6
fetal erythrocyte deformability and 356
intrauterine hypoxemia 355–6
placento-fetal blood distribution 356
prevalence 355
treatment 356

neonate, short-term effects of maternal diabetes n 352–60, 352
neural tube defects (NTDs) 176, 179, 254
neurogenic symptoms 250

neuroglycopenia 250
neurological development, long-term 367–8
New Zealand, diabetes and pregnancy in 142–5

epidemiology 143, 144
long-term outcomes 144–5
management and outcomes 143–4
organization of maternity services 142–3

night blindness 30
nitric oxide production 48
nitrogen retention in normal pregnancy 25–6
NOD mice 93
nodular thyroid disease 348–9
noncompliance (non-adherence) 475–6
non-esterified fatty acids (NEFA) 27, 32
normal pregnancy

general nutritional guidelines 197
metabolic changes 196

normoglycemia, definition 210–11
nucleosides, carrier-mediated transport of 53
nutrients

fetus 57
placental role in transfer to fetus 57
supply and fetal metabolic rate 58–9, 58

obesity
child 362–5, 362
excessive fetal growth and 299
GDM and 37
modalities for control 225, 225
Pima Indian study 362–3
studies on 363–5, 363–4

Obstetrical Quality Indicators and Datacollection (OBSQID) 432
basic information sheet 436
information sheet 433
perinatal aggregated data – Diabetes (DPAD) 402, 434–5

obstructive urinary tract 174
oculoauriculovertebral polytopic field defect 176
Office of the National Coordinator for Health IT 440
oocytes, changes in 165
optic nerve hypoplasia 182
oral anti-diabetic agents 217–26

classification and characteristics 217–19
clinical studies 222–5
rationale for use 220–2

oral contraceptives 453–4
oral glucose tolerance test (OGTT) 198
O’Sullivan criteria 3
ovarian cyst

clinical manifestations 358
complications 358
etiology 358
prevalence and type 358
treatment 358

overweight 362

pancreatic beta-cell function 74
panretinal photocoagulation 320–1
parathyroid hormone 30
patient–practitioner communication 476–8
Pedersen, Jorgen 15–18 Scan ‘oh’
Pederson hypothesis 200
Pegaptanib 321
perinatal morbidity 265
perinatal mortality 3

common causes 493
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perinatal mortality (Continued)
definition 493
etiology 494
GDM and 109–10
in diabetic population 494–8, 496, 497
reduction in 499
at time of discovery of insulin 2

pernicious anemia 100
personal health record (PHR) 441–2, 442–4, 443
phenformin 218, 219, 221
phenylalanine 48
phosphatidylglycerol 268
phosphatidylinositol 268
phosphatidylinositol (PI)-3-kinase 75
phosphoenolpyruvate carboxykinase 64
phospholipase A2 28
phospholipids 267–9
phytanes 29
pioglitazone 53, 218
placenta

alterations in diabetes 41–2
amino acid transport capacity 65–6
amino acid uptake and transport to fetus 65–7
carrier-mediated transport 49–53
cord and fetal membranes 42–3
glucose transport 59–60
gross examination 42
histopathology of 41–5, 41
insulin and hypoglycemic compounds 53
ischemia 44
lipid metabolism and fetal lipid supply 64–5
microscopic evaluation 43–5, 43–4
structure and morphology 48–9
transfer of nutrients 47–54

placentitis 44
placentomegaly 49
polycystic ovary syndrome (PCOS) 190, 259, 310, 340

and GDM 124
insulin resistance in 482, 483, 484, 489
metformin in 138

polycythemia 108, 109, 110, 261, 357
neonatal 81

polyphenols 29
polyunsaturated fatty acids (PUFAs)

placental transfer of 28–9
ponderal index 291
post-implantation diabetic embryopathy 178–83
postnatal growth 373–4, 375–7, 376

AGS or LGA infants 373–4
SGA infants 373

postnatal intellectual and neurological development 374–5, 376–7
postprandial blood glucose testing 189
postprandial plasma glucose (PPG) 159
preconception care (PCC) 176
prediabetes 3
pre-eclampsia 3, 42, 44, 109, 113, 128, 312–13

in Type 1 diabetes 313–14, 313
pre-implantation embryo, diabetic embryopathy in 165–70

blastocyst 166
culture in ‘diabetic’ culture medium 166
culture in sera from diabetic pregnant women 166–7, 167
effects on male fertility 170
glucose metabolism 170
growth factors and cytokines 169
in vitro studies 166–7

pre-implantation embryo, diabetic embryopathy in (Continued)
metabolic factors 170
morula 165–6
nitric oxide and prostaglandins 170
oocytes, changes in 165
oxidative stress and antioxidants 169
zygote 165–6

progesterone 206
in normal and diabetic pregnancy 72

prolactin 206
in normal and diabetic pregnancy 72–3

proline 48
proportional, integral, and derivate (PID) scheme 244
prostaglandins, congenital malformations and 178–9
protein

role of 201
testing 268

protein kinase C (PK-C) 42, 178
congenital malformations and 181–2

protein metabolism in normal pregnancy 25–6, 25
protein synthesis and turnover, fetal 67–8, 68
protein synthetic rate 67–8, 68
Psammomys obesus 95
pseudohyponatremia 335
psychological development, long-term 367–8
PTU 344, 347
public assistance grants 419
pulsatility index (PI) 261, 262
purine 51

biosynthesis 29
pyridoxine 207
pyrimidine 51

quality of care 399–406
blood glucose monitoring devices 404–5
DabCare Basic Information Sheet 400, 400, 402, 403
DiabCard 402–4, 404
DiabCare program 400–2, 401
Diabcare quality circle 400–2
European DiabCare quality network 399–402
quality assessment and improvement in diabetes care 399

reactive oxygen species
congenital malformations and 178, 179–81
diabetic embryopathy and 169

renal agenesis 174, 176, 254
repaglinide 218
respiratory distress syndrome (RDS) 265, 271, 285, 305, 357
retinal 30
retinoic acid 30, 31
retinol 30, 31
retinol binding protein (RBP) 31
retinyl esters 30, 31
retinyl palmitate 30
rosiglitazone 53, 218, 219, 222

sacral agenesis 174, 176
sacral lipoma 254
screening 156–61, 388

analysis of samples collected at random times 159
based on risk stratification 157–8
blood glucose 158–61
costs 394–6, 395
glucose tolerance tests 161
high-risk characteristics 157
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screening (Continued)
methodology and instrumentation 159–61
recommendations 161–2, 162
tests 202
for thyroid diseases 349
see also fasting plasma glucose; glucose challenge test

scurvy 29
self-monitoring blood glucose (SMBG) 189, 205
shake test 270
shoulder dystocia 38, 108, 109, 110, 113, 198, 254–5, 286

delivery and 301, 304–5, 305
single-cotyledon human placental model 221–2
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small for gestational age (SGA) 81
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starvation ketonemia 199
sterilization 422
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causes 493, 494
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in diabetic population 495

gestational DM 495
pre-gestational diabetes 495
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enzymes of metabolic pathways 88
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thiamin deficiency 355
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Type 2 diabetes (Continued)
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male infertility 488
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Babies of women with diabetes are nearly five times more likely to be stillborn; are almost three times more
likely to die in the first three months; and twice as many are born with major congenital malformations. The
incidence is high – somewhere between 3 and 7 per cent of all pregnant women in the USA have diabetes
– and rising; the condition is often complicated by other risk-factors such as obesity and heart disease.

This major book gives a comprehensive review of the epidemiology, science and clinical management of
gestation diabetes. Fully updated and revised, it contains new chapters on: Fetal growth in normal and
diabetic pregnancies; Genetics; Congenital anomalies; Exercise; Pharmacological management; Insulin
pump therapy; Hypoglycemia; The role of ultrasound for timing of delivery; Thyroid and pregnancy; Fetal
origins of adult disease; Metabolic syndrome and diabetes following gestational diabetes mellitus;
Psychological and social aspects

The book provides a comprehensive, authoritative, international view of these difficult pregnancies and will
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working in the field.
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‘...an excellent general resource...well suited for the trainee, particularly in obstetrics, who will care for the
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this textbook to any craving a fresh look at an old problem’                                                     – Diabetologia
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