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Preface

A happy chance led to my interest in the subject of this book, an invitation out of the 
blue from the editors of the New England Journal of Medicine to write a review of 
the causes of congenital malformations in human beings as they were then known. 
Years earlier Josef Warkany, a pioneer in the field of teratology, and I had reviewed 
the same subject in the same journal (Warkany and Kalter 1961), and feeling it 
would lead to a stronger statement I asked him to join me in its writing.

The work that emerged rested on a critical reading and analysis of the biomedical 
literature of the previous several decades that dealt with congenital malformations 
and their causes, known and supposed (Kalter and Warkany 1983). These primary 
sources–reports of individual cases, hospital series, population surveys, vital statis-
tics, and the like–contained many suspicions and allegations as well as some clear 
evidence about the origins of these abnormalities. Our task was to consider this 
body of evidence and come to an assessment of them for the purpose of estimating 
the likelihood of preventing such conditions.

The causes had earlier been broadly categorized into genic, chromosomal, envi-
ronmental, and complex or unknown. About the first two generally there was little 
theoretical that was not settled, but about the others there was little that was certain. 
Thus the environmental origins of congenital malformations would get most of our 
attention, especially as that was where the controversies lay. A considerable number 
of such agents had been found to be teratogenic in laboratory animals. But no more 
than a handful had been unquestionably identified as having caused congenital mal-
formations in human beings. These were ionizing radiation, already identified by 
the 1920s; the rubella virus, revealed in 1941; later some other infectious agents; 
and afterward several therapeutic substances, environmental contaminants, and a 
miscellany of others–cytotoxic, anticoagulant, and anticonvulsant drugs, thalido-
mide, organic mercury, and so forth.

In addition some noninfectious maternal illnesses were thought to cause or be 
associated with fetal maldevelopment; most of them seldom occurring however–
except for one, insulin dependent diabetes mellitus. Years of study had made ever 
more firmly entrenched the belief that children of women with diabetes had an in-
creased frequency of serious congenital malformations. This disease was intriguing. 
First, it was common in populations generally, and hence diabetic pregnancy was 
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common as well. Next it appeared to be a constant feature of the human constitu-
tion, not waning and waxing as did infectious diseases. And last it seemed to me 
that the long-held belief in its teratogenicity had not been closely scrutinized and 
needed further looking into.

Writings on the subject of pregnancy in diabetic women, beginning with those 
from the decades before the discovery of insulin in 1921, were voluminous and 
needed becoming acquainted with. Reading these pages, sometimes opaque and 
fragmentary, led to the report presented here.

Preface
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Long accepted beliefs are difficult to challenge. What are accepted as medical truths 
may not be as fiercely adhered to and as vigorously championed as are religious 
convictions or even political philosophies; but long-held scientific orthodoxies can 
be zealously defended and anyone foolhardy enough to question them must be sure 
of his position.

What is in question here is the generally held belief that the babies of women 
with insulin dependent diabetes mellitus are congenitally malformed more often 
than babies of nondiabetic women.

How did this idea get started and what has maintained it? Before the middle of 
the twentieth century the major question diabetologists and obstetricians caring for 
pregnant diabetic patients asked was why so many of their babies were born dead 
or died soon afterward. Congenital malformations did not seem to be part of the 
answer, so were given little attention. Only as the death rate of infants of diabetic 
mothers began to subside, with improving control of the disease, in tandem with the 
rate in the general population, did malformations become more conspicuous and a 
problem.

Congenital malformations are not rare. In the general population malformations 
of a serious nature are present in the astonishingly high frequency of about 3% of 
newborn children. While in the births of diabetic women this has usually been said 
to be about doubled or even trebled. From such observations the belief followed 
that vigorous management of the disease early in pregnancy would counteract this 
tendency.

One is permitted nevertheless to remain unconvinced. My hesitancy stemmed 
from the fragmentary knowledge mentioned earlier of the known causes of human 
congenital malformations; which left many uncertainties, including those about the 
teratogenicity of diabetes. And a feeling that a reading of the medical literature 
regarding the outcome of pregnancy in diabetic women was needed to look into the 
prevailing belief.

The pages below outline, discuss, and analyze this literature. The approach taken 
has been to scrutinize the numerous and varied sources of information—hospital and 
clinic surveys, case histories and population studies of individual malformations, 
etc.—in order to examine the hazards besetting the conceptus in diabetic women, 
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regarding viability and development, spontaneous abortion, perinatal death, and 
congenital malformation. Scrutiny that led in the end to question this belief—that 
congenital malformations occur more frequently in the children of diabetic women 
than of nondiabetic women.

How, then, to account for the judgment that the opposite seemed to be the case? 
Is it to be explained in part by loose application of the term malformation, a problem 
often besetting teratology generally? To its being based on pregnancies unrepresen-
tative of the disease in the overall population? Would judgment have been tempered 
by comparison with nondiabetic pregnancies, seldom made?

The task undertaken was to examine the written record and come to a judgment 
as to its findings. If it led only to a reexamination of the facts and a rethinking of the 
subject it will have been beneficial. Let us see.

1 Introduction



3

In the history of medicine major advances promising new-found health paradoxi-
cally have sometimes led to emergence of new disease. A significant instance of 
this advance and retreat is seen in the annals of diabetes mellitus, a record of human 
success in whose train there emerged tough new questions. Questions presented by 
our subjects, the embryos and newborn infants of pregnant diabetic women. The 
focus here is on the hazards faced by them, introduced by a main concern, death of 
the newborn.

Early Childhood Death

One of the much trumpeted social and medical achievements of the twentieth centu-
ry is the great reduction in the rate of deaths of children under the age of 1 year—by 
which the standard of civilization is customarily judged. Years ago it was declared 
that “a low rate…indicates a healthy community, a high rate the reverse” (New-
man 1906) and “infant mortality is the most sensitive index we possess of social 
welfare…” (Newsholme 1910), a criterion that still reigns (Shapiro et al. 1965; 
Yankauer 1990).

Extraordinary progress thus shines forth from the precipitous decline in the mor-
tality rate of children under 1 year of age, e.g. in the US, which went from 99.9 
to 7.0 per 1000 children born alive—greater than 90%—in the 80 years or so fol-
lowing the end of the First World War (U.S. Bureau of the Census 1960; National 
Center for Health Statistics 1998). And the same great achievement was realized in 
many countries in Europe and elsewhere (Chase 1967; Thomson and Barron 1983). 
[It must be noted with curiosity that the US ranking in this statistic vis-à-vis the 
nations of the world is hardly better in 2010 than it was 100 years ago, in 1911, as 
noted at that time by S.W. Newmayer (Brosco 1999).]

The first month, but especially the first week, is the most perilous time of life, 
since that is when the most weak and damaged babies die. It is death in these first 
7 postnatal days, plus that in the last weeks of pregnancy—together known as the 
perinatal period—that is of great relevance here. These earliest deaths also greatly 
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participated in the great decline, falling in the US from 32.5 per 1000 live births and 
fetal deaths in 1950 to 6.6 in 2005 (Powell-Griner 1986; MacDorman and Kirmeyer 
2009).

This reduction was largely brought about by the virtual elimination of many 
public health problems and pediatric diseases. But advance was most uneven. At 
the same time that many widespread causes of neonatal and infant death, disability, 
and distress—hygienic, nutritional, infectious—were so impressively ameliorated 
barely any headway was made with others.

The Role of Diabetes

The momentous discovery of insulin in 1921 (Banting and Best 1923) and its wide 
availability afterward (Wrenshall et al. 1962; Bliss 1982) soon had profound effects, 
loosing a cascade of consequences. First the barrier to reproduction by women with 
this disease was greatly lowered. But then, as the number of pregnancies of diabetic 
women increased, it was seen that many of their infants did not survive long. Which 
abated as some of the reasons for the perinatal deaths were discovered and success-
fully managed.

But with this ongoing decline a shift occurred in the cause of the deaths that con-
tinued to occur, this residue in fact growing in importance. What soon became, and 
has continued to be, among the chief causes of this offspring death were congenital 
malformations. And as these proved to be largely unpreventable they received in-
creasing attention—especially as suspicion arose that maternal diabetes itself may 
be their cause.

Diabetes mellitus when present in early pregnancy profoundly affects the vi-
ability, growth, and development of the unborn. This work will trace the ideas and 
practices that have evolved over the years in the attempt to manage these difficul-
ties. It will consider some of the most perplexing of the imperfectly answered or 
still unanswered of these problems, most prominent among them: whether diabetes 
causes or is associated with spontaneous abortion, retarded prenatal growth, and 
congenital malformations, whether such malformations form distinctive patterns, 
the relation between malformation and perinatal death, whether the form and degree 
of the maternal disease or its presymptomatic stages are related to these phenomena, 
and whether control of the disease from before or early in pregnancy can lessen 
these hazards.

For reasons to be seen the decade of the 1950s can be taken as a watershed in 
the ongoing progress in the treatment and outcome of diabetic pregnancy. Thus the 
events and problems encountered in dealing with these pregnancies before insulin 
was discovered and those emerging in the years between this discovery and the 
1950s will introduce the subject.

[Methodological and conceptual matters must be noted. The definition of con-
genital malformations followed by diabetologists, obstetricians, and pediatricians 
has not always been clear or uniform; ascertainment of pregnant diabetic women 
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(i.e. avenues of their selection for study and treatment) was often biased; no con-
trols or poorly matched controls were usually the case (Rubin and Murphy 1958; 
Wilson 1960; Simpson 1978; Mills 1982). Such considerations make it necessary 
first to deal with definition and classification of congenital malformations, diabetes 
in pregnancy, etc.]

Data Sources

The main source of information used here were reports of pregnancies of diabetic 
women by hospital-based physicians in the US, Canada, and many European coun-
tries. They were identified by searching the medical literature, using the Quarterly 
Cumulative Index Medicus for older ones, Internet sources, and, most usefully—
however biased they may have been—the citations in the reports themselves, pro-
viding the trail to older and older publications. Consulted also were reports of mul-
ticenter, population, and epidemiological surveys, and public-health matters with 
respect to the births of diabetic women.

The advantages of hospital-based reports compared with vital-statistics and other 
such data are that they are more complete (judging from the underreporting public 
records commonly suffer from; see e.g. Greb et al. 1987; Snell et al. 1992); usually 
providing information otherwise lacking, such as detailed descriptions of individual 
pregnancies and offspring, and are more informative, especially sometimes being 
supported by autopsy records.

Hospital-based studies however also had their drawbacks, requiring cautious in-
terpretation of their findings. An important problem was that the composition of 
the patients served by different hospitals varied, demographically, medically, and 
so on, some of which were without doubt relevant here. For example, some hospi-
tals were primary-care facilities, whose patients were drawn from their immediate 
communities and for the most part were representative of the disease picture of its 
population. Other reports were from larger hospitals or specialized medical facili-
ties many of whose patients were referred from hospitals in the area or from outside 
the area altogether. These patients were no doubt less representative of the spectrum 
of the illness present in the entire population. How must the facts from such differ-
ent sources be handled? The problems of procedure and interpretation that these and 
other uncertainties presented will be considered below.

Definition

A full definition of diabetes in pregnancy will be detailed below. Here only a few 
general remarks are necessary. Diabetes mellitus is the omnibus term given to what 
are probably several etiologically distinct disorders of carbohydrate metabolism, 
characterized by chronic hyperglycemia, in which there is usually an absolute or 
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relative deficiency of insulin or its reduced secretion or impaired action. The dis-
ease predominantly occurs in two generally distinct forms, denoted type 1, insulin 
dependent, mostly of juvenile onset, and type 2, noninsulin dependent, mostly of 
maturity or adult onset, further discussed below (National Diabetes Data Group 
1979; World Health Organization 1985).

In addition to the general classification another exists for diabetes in pregnancy. 
This also has two broad categories: diabetes that antedates pregnancy, often called 
pregestational diabetes, and diabetes that first occurs during pregnancy, called ges-
tational diabetes. These also will be elaborated upon below. Both forms may be 
either insulin dependent or independent, but the former is most often dependent 
and the latter most often independent. [Exceptions—there are always exception—to 
general pronouncements, which will emerge as the writing progresses.]

The untoward outcomes of diabetic pregnancy that are the main concern here—
spontaneous abortion, fetal and neonatal death, and congenital malformation—are 
associated almost entirely with insulin dependent pregestational diabetes. For the 
sake mostly of developing the historical picture of the subject gestational diabetes 
and related topics will also be considered. But the main focus will be on the preges-
tational insulin dependent variety, and hence when the unqualified term ‘diabetes’ 
is used it will refer to that variety.

2 The Framework
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Diabetes mellitus is an old disease, mentioned in ancient and medieval sources 
(Barach 1928)—though the validity of even that contention is disputed nowadays 
(Bottazzo 1993). Despite this antiquity the first instance of pregnancy in a woman 
with diabetes was only recorded less than 200 years ago (Bennewitz 1824). Which 
in fact may not have been an instance of the type of the disease this work is mainly 
concerned with (Hadden and Hillebrand 1989). So you see we have already encoun-
tered some doubts.

What is certain is that the story of diabetes in pregnancy began toward the end 
of the nineteenth century. The reason for this late appearance in human history is 
understandable. Before the modern age such occurrences could have happened only 
exceedingly rarely, because diabetic women of reproductive age virtually did not 
exist, the form of the disease that occurs at younger ages—the kind this work will 
focus on—having been responsible for a high toll of infertility and early death.

Maternal Mortality

In the pre-insulin years a very high death rate was common in the small minority 
of diabetic women who became pregnant. Duncan (1882) noted that of the 16 cases 
collected by him 10 died soon after or within a year of delivery; such devastating 
percentages also noted later, 54% by Eshner (1907), 25% by Williams (1909), 23% 
by Joslin (1915), and 25–55% reported in publications in 1894–1908, cited by Lam-
bie (1926). These may actually have referred to less serious instances of the disease; 
Parsons et al. (1926) doubted that “patients with severe diabetes ever survived preg-
nancy in the pre-insulin era.”

Outcomes in the years just preceding the discovery of insulin seemed to reflect 
a possible improvement in this dismal record, although even in the first years of the 
insulin era the diabetic maternal death rate still far exceeded that occurring gener-
ally. The literature of the early period recorded six deaths in 73 pregnancies, 8.2% 
(Bowen and Heilbrun 1932); but a summary of the years from then to midcentury 
already noted improvements that had made “pregnancy relatively safe for diabetic 
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women” (Gilbert and Dunlop 1949), improvements that compared favorably with 
contemporary nondiabetic rates (Kyle 1963).

A compilation of reports of diabetic pregnancies surveyed in the 1940s and 
1950s shows that maternal diabetic death had declined to about 1.0–1.2% in the US 
and Europe, which was still about 10 times the overall rate in white women in the 
US during those years. Although the decline continued, a gap still remained near the 
end of the century (National Center for Health Statistics 1992).

The diabetic maternal mortality rate no doubt declined even further in most re-
cent years, as it had for pregnancies generally, if only judging from the infrequency 
of its being mentioned in publications of the last several years. A report from Fin-
land confirmed this scarcity, there having been five deaths during pregnancy or the 
postpartum period in 972 type 1 diabetic women in 1975–1997, i.e. 5.14 per 1000, 
which still somewhat exceeding that for nondiabetic women—none of which how-
ever was associated with diabetic complications (Leinonen et al. 2001).

Fertility

Before the discovery of insulin it was the rare diabetic woman who became preg-
nant, the rarity due to physical impairment and reduced life expectancy. Physi-
cians of the time with wide experience had seldom or never seen such pregnancies 
(Bouchardat 1887; Lecorché 1885; Taylor 1899).

This dearth was commented on by Duncan (1882), in noting that he heard from 
colleagues how seldom they had seen such occurrences in women with the disease. 
Collecting the small number of instances he had personal or other knowledge of 
he prophesied that “attention being called to the subject, the list of cases will soon 
be augmented.” Indeed the scarcity continued in the years leading up to the 1920s 
and even later (van Noorden 1909; Wiener 1924; Gray and Feemster 1926; Walker 
1928; Skipper 1933).

An early explanation of the infertility, uterine atrophy, was given by Graefe 
(1898), as perhaps due to amenorrhea (Herman 1902), its basis lack of ovarian 
follicles (Parisot 1911). The structural and functional changes in the reproductive 
system of diabetic women that possibly underlaid the infertility were summarized 
by Lambie (1926). But even years later not much more was understood of its under-
lying basis (Eastman 1946), no doubt because the problem by then having all but 
disappeared its solution was not pressing.

The problem slowly lessened with the discovery and increasing availability of 
insulin, with reports soon appearing of the efficacy of this new panacea in restoring 
menstruation and supporting pregnancy (Lambie 1926). During the earliest years 
few pregnant diabetic women were treated with it however (Reveno 1923; Graham 
1924, see Wilder and Parsons 1928), and even in medical centers its use continued 
to be uncommon (Parsons et al. 1926). From this handful of instances a mere hint 
of the capability of the new ingredient to promote the fertility of diabetic women 
could be guessed. But, as foretold, and not long in fulfillment, “the incidence of 
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pregnancy in diabetic women is likely to rise” (Wilder and Parsons 1928; Randall 
1947; Gilbert and Dunlop 1949). Worldwide at least 55 diabetic pregnancies were 
recorded in the medical literature in 1923–1927 (Wilder and Parsons 1928). In the 
London Hospital alone 15% of 177 diabetic women admitted in 1923–1931 were 
pregnant (Skipper 1933).

As insulin led to regular and normal menstruation, ovulation apparently pro-
ceeding normally, and pregnancy no longer the oddity it had been not long before, 
there followed a continual increase in the prevalence of diabetic pregnancy (Kramer 
1936; Koller 1953); soon approaching that of diabetes itself in women of reproduc-
tive age in the US during that period (Spiegelman and Marks 1946) and afterward 
(Marks et al. 1971). This frequency depended on the overall rate of diabetes in 
women of reproductive age and the increasing prevalence of early-onset diabetes 
(Mather and Keen 1985; Bingley and Gale 1989; Levy-Marchal and Czernichow 
1992).

The findings though were sometimes discordant. The fertility of diabetic women 
may still have been impaired, as indicated by the many instances of delayed men-
archeal age (Bergqvist 1954; Post and White 1958; Knorre 1969; Sutherland et al. 
1983; Kjaer et al. 1989a, b) and the frequency of diabetes in women of reproductive 
ages being greater than the mean rate of their pregnancies (Drury and Powell 1987; 
Harris et al. 1987). Also, not to be discounted, the increasing frequency may have 
been partly due to the disproportionate number of the pregnancies reported by refer-
ral centers (Randall 1947).

Nevertheless, while conception in diabetic women was much improved, before 
1985 they had fewer pregnancies and fewer births than nondiabetic women (Kjaer 
et al. 1992b; Pedersen et al. 1994). Fertility is said to have become normal later, at 
least in those in whom the disease was uncomplicated and strict metabolic control 
was exercised (Zarzycki and Zieniewicz 2005; Jonasson et al. 2007).

Fertility
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Spontaneous abortion is defined as death of the embryo before attaining viability, 
i.e. prior to the period when it becomes able to maintain independent life. This vi-
ability was once held to be reached at 28 weeks of pregnancy following the first 
day of the last menstrual period (Hook and Porter 1980). But as now defined, in 
keeping with the success of medical technology in keeping younger fetuses alive 
(Anon. 1988), spontaneous abortion is death of the conceptus before 20 weeks of 
pregnancy.

During the early insulin years, with the other problems caretakers had to con-
tend with, whether the frequency of spontaneous abortion was increased in diabetic 
pregnancy was never a major matter of disagreement, though even then there were 
differences of opinion about it. Skipper (1933) said it was “relatively uncommon,” 
and White (1935) called it “relatively…frequent.” Others conceded that at best “the 
effect is small” (Moss and Mulholland 1951).

Such differences were perhaps expected of a medical generation for the most 
part not well aware of how frequent spontaneous abortion usually is. Today it is well 
established that abortion in recognized pregnancies (i.e. in women with a missed 
menstrual period) is quite common, varying from 10 to 25%, depending on the 
type of study and analysis. The lowest estimates, of about 10%, were obtained by 
prospective surveys of already pregnant women in clinical settings (Jansen 1982), 
those of 12–15% by retrospective investigations of pregnancy histories (Warburton 
and Fraser 1964; Naylor 1974; Leridon 1976), and 15–25% by the use of life-table 
probability procedures (Harlap et al. 1980; Leridon 1977).

The etiology and epidemiology of spontaneous abortion have been much stud-
ied. While a great deal of the blame for such events has been implicitly directed at 
the great frequency of chromosomal and morphological abnormalities in abortuses, 
there is little understanding of the connection between these aberrations and em-
bryonic death. Nor are the reasons well understood for the many such deaths not 
accompanied by such phenomena (Boué et al. 1975; Porter and Hook 1980; Carr 
1983; Roman and Stevenson 1983; Rushton 1985).
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Early Studies

The frequency of spontaneous abortion noted in the earliest studies of diabetic preg-
nancies was usually low, owing no doubt to women commonly first being seen by 
physicians in later months of pregnancy. This limitation and other methodological 
inadequacies of many inquiries led to underestimates of the abortion frequency, as 
pointed out by Combs and Kitzmiller (1991). Knowlege of the actual frequency of 
spontaneous abortion thus obviously required that women be seen from early in 
pregnancy.

My reading of relevant publications taking this limitation into account—follow-
ing the preliminary lead of Gellis and Hsia (1959)—resulted in a review of over 
50 reports from US and European hospitals appearing from 1950 to 1986, which 
included more than 8000 diabetic pregnancies probably observed from specifically 
stated relatively early periods (Kalter 1987). In such pregnancies the mean frequen-
cy of spontaneous abortion was 12.7%, i.e. approximately the rate found in studies 
of general clinic populations (Warburton and Fraser 1964; Naylor 1974; Leridon 
1976). Which thus indicated that diabetes was not associated with an excess of 
spontaneous abortion in recognized pregnancy.

The review also found that the diabetic spontaneous abortion rate was substan-
tially the same before and since 1960; in conspicuous contrast with the later great 
decrease in the perinatal death rate in diabetic pregnancy, a contrast that pointed to 
the two entities being of separate etiology.

To some authors it seemed, on the contrary, that embryonic and perinatal death 
should have common roots, so that if diabetes were associated with death in late 
pregnancy it should also be associated with death in early pregnancy, i.e. abortion, 
an idea not easily relinquished (e.g. Eastman 1946).

Later Studies

The assertion that spontaneous abortion is not increased in diabetic pregnancy has 
been challenged; calling for the question to be reconsidered. It must be recalled 
that determining the frequency of spontaneous abortion has often been hindered by 
confusing and intruding factors common to retrospective inquiries. These include 
faulty maternal recall, biased detection of spontaneous abortion, vagaries of the 
sampling method, innumerable demographic, social, and biological confounding 
variables, and possible environmental influences—aspects that have been fully dis-
cussed (Harlap et al. 1980; Kalter 1987). (It must be noted that such aspects have 
seldom been considered in studies alleging that spontaneous abortion is increased 
in diabetic pregnancy.)

Reproductive loss also occurs before pregnancy recognition, hence to discover 
its full extent pregnancies must be monitored from soon after conception. Studies 
that have done so entailed women enrolled in diabetes programs from early in preg-
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nancy, allowing surveillance over the entire gestation period, including the earliest 
weeks.

Such early study was necessitated by finding that various harmful reproductive 
outcomes appeared to be associated with high levels of maternal blood glucose 
early in pregnancy (Leslie et al. 1978; Miller et al. 1981; Ylinen et al. 1981). But 
following this new track would have been problematic had it not been for the dis-
covery of a novel blood component, glycosylated hemoglobin, and new methods of 
measuring it.

Glycosylated Hemoglobin

The diagnosis and management of diabetes depend on knowledge of the concen-
tration of glucose in blood. Traditionally this was measured by the oral glucose 
tolerance test. But a number of difficulties—including reproducibility, individual 
variability, and confounding factors—made the test an unreliable measure of glyce-
mic state and indicator of effectiveness of metabolic control of pregnancy outcome 
(O’Sullivan and Mahan 1966; Hadden 1975).

A more convincing indicator of the glycemic state was found to be the level of 
glycosylated hemoglobin, HbA1, a minor component of hemoglobin A, compris-
ing about 4–5% of the total hemoglobin in normal persons (Mayer and Freedman 
1983). The importance of HbA1 to the care of diabetics consisted in its being the 
product of a nonenzymatic nearly irreversible process by which glucose is bound 
to hemoglobin (Bunn et al. 1976), and—considering the protracted lifespan of red 
blood cells—thus represented an average of the plasma glucose concentration dur-
ing the several weeks preceding its determination.

The relevance of these facts to studies of diabetes became apparent with the dis-
covery that the level of one of the fractions of hemoglobin, HbA1c, may be two to 
three times greater in diabetic than in nondiabetic individuals (Rahbar et al. 1968), 
and that its concentration in the former was proportional to the blood glucose level, 
falling with metabolic management of the disease (Koenig et al. 1976a, b).

It is the relation of diabetic status early in pregnancy, as gauged by the level of 
HbA1c, to the frequency of spontaneous abortion that is to be considered here. Its 
relation to congenital malformations will be considered below.

Glycosylated Hemoglobin and Spontaneous Abortion

Study began in the late 1970s of the relation of spontaneous abortion risk and ma-
ternal blood glucose level as denoted by glycosylated hemoglobin. The primary 
purpose was to lessen the harmful outcomes of the diabetic state by allowing its 
management from early in pregnancy.

Glycosylated Hemoglobin
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Such studies soon enabled various comparisons of spontaneous abortion: in 
diabetic aborters and nonaborters; in aborters with glycosylated hemoglobin lev-
els above and below the group mean; in women intensively and conventionally 
managed; in preconception clinic attenders and nonattenders; in insulin dependent 
and nondependent pregnancies; and, where controls were included, in diabetic and 
nondiabetic pregnancies. In fact however few of the comparisons were statistically 
significantly different from eachother.

The studies varied regionally in the span of years surveyed and in the number 
of patients sampled, but were similar in almost all other ways: all were prospec-
tive; patients were seen consecutively and were predominantly pregestational insu-
lin dependent diabetics; all were metabolically managed from before or soon after 
conception; all or almost all patients were white; all pregnancies were confirmed; 
spontaneous abortion was defined fairly uniformly; standard methods of measuring 
glycosylated hemglobin were employed.

The following is an overview of such studies from the time of the first reports in 
the early 1980s through the present.

Birmingham

Wright et al. (1983) were among the first to consider the question. They found the 
frequency of spontaneous abortion in weeks 9–12 of gestation in insulin dependent 
women enrolled in a diabetic clinic in 1979–1981 to be 17.2%. The glycosylated 
hemoglobin level ranged widely, from 6.1 to 16.9%, with a mean of 11.5%. [For 
comparison, in a group of nondiabetic women in the early weeks of pregnancy the 
range was 4.1–6.9% with a mean of 5.6%—Morris et al. 1985].

The range was similar in women that aborted and in those that did not, and the 
spontaneous abortion frequency, though greater in those with levels above the group 
mean than below, was not statistically significantly different. These findings were 
nevertheless taken as indicating that prolonged poor glycemic control in the weeks 
preceding pregnancy or during early in the first trimester contributed to the likeli-
hood of spontaneous abortion. The question remained whether 17.2% was an exces-
sive spontaneous abortion frequency for women enrolled in a study of pregnancy in 
its earliest weeks. It is considered below.

Cincinnati

An early report from this center noted 29.5% spontaneous abortion in clinically ap-
parent insulin dependent diabetic pregnancies in 1978–1983, suggesting a substan-
tially greater risk than in the general population (Miodovnik et al. 1984). The next 
communication, whose focus was association with glycemic level, noted a smaller 
spontaneous abortion rate, 22.4% before 20 weeks in about these same years, with 
no explanation of the difference (Miodovnik et al. 1985).
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The subjects were two groups of women, one in 1978–1980 and the other in 
1981–1984, and in both groups those that aborted had a mean glycemic level greater 
than those that did not (11.2% vs 9.9% and 12.8% vs 11.3% respectively). Within 
each group the spontaneous abortion increase was not statistically significantly dif-
ferent at levels of less than 12% from that at levels above; but in both combined 
it was statistically significant—an unacceptable procedure, especially as different 
methods were used to gauge the level (Rosenn et al. 1991). The cutoff used was 
12%, but with no reason given for the choice. Wright et al. (1983) had used 11% for 
the comparison because that was approximately the mean in the study group; had 
12% been chosen the spontaneous abortion frequency in those above and below that 
level would not have been significantly different.

Subsequent reports noted lower spontaneous abortion frequencies before 20 
weeks, 21.4%, and then a still lower one, 17.7% (Miodovnik et al. 1986, 1988), 
the latter not too different from the 12–15% in recognized pregnancies in general 
(Hertz-Picciotto and Samuels 1988). But in an apparently later study the spontane-
ous abortion rate in women with glucose concentration above 12–13%, said am-
biguously to have been enrolled before 9 weeks of gestation, was again elevated, to 
24.2% (Rosenn et al. 1994).

Matters of ascertainment and representativeness of the diabetic women constitut-
ing the study groups were not clarified, especially with respect to race and ethnicity, 
factors related to abortion frequency of relevance here (Porter and Hook 1980), 
since the study came from a municipal hospital largely serving an inner-city popu-
lation. Nor explained was the exclusion of pregnancies that continued beyond 20 
weeks and ended in a congenitally malformed infant, which would have overesti-
mated the calculated spontaneous abortion frequency.

Studies from this center continued to the end of the century, with outcomes of 
preconception care programs compared in three intervals from 1978 to 1993, spon-
taneous abortion data not included however (McElvy et al. 2000). Early glycohe-
moglobin concentration decreased from interval to interval, as did perinatal mortal-
ity and congenital malformation rates, the last dipping from 14 to 3.6 to 2.2%, the 
reductions attributed to glycemic improvement, discussed further below.

A Multicenter Study

An inquiry into these questions in several US centers found the spontaneous abor-
tion frequency in diabetic and control women to be virtually identical, 15.7 and 
16.2% respectively (Mills et al. 1988a). Though the mean glycosylated hemoglobin 
level was significantly higher in the diabetic women the finding seemed to indicate 
that elevated blood glucose level by itself was not a risk for abortion.

The data were collected at five centers, the diabetic subjects ascertained by 
“public appeals as well as through the medical system” and the control group 
mostly by solicitations through mailings (Mills et al. 1983). Although the control 
and diabetic women closely resembled eachother in characteristics indicative of 
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abortion risk, the centers no doubt varied in ascertainment and composition of 
patients.

It must be noted that the spontaneous abortion frequency in both groups, though 
monitored from about the time of conception, was smaller than has usually been the 
case with such early initiation of pregnancy monitoring (see e.g. Hertz-Picciotto 
et al. 1988; Wilcox et al. 1988; Steer et al. 1989; Modvig et al. 1990).

Other Studies

Other earlier studies had inconsistent findings. In some the relation was examined 
by comparing the glycosylated hemoglobin level in aborters and nonaborters, in 
others by comparing the fraction of aborters and nonaborters above and below the 
mean for the entire group. In those including controls the total spontaneous abortion 
frequency was not different in diabetic women than in controls, or the glycosylated 
hemoglobin level was elevated in diabetic aborters but not in controls (Mills et al. 
1988a; Hanson et al. 1990).

In some the spontaneous abortion frequency was not different in women with 
glycemic levels above than in those with levels below the mean (Sheridan-Pereira 
et al. 1983; Lucas et al. 1989), while in others it was significantly greater in the 
former (Wright et al. 1983; Miodovnik et al. 1985; Key et al. 1987; Greene et al. 
1989). In studies that monitored women from before conception it was lower than 
in cases seen later (Dicker et al. 1988); whereas in others it was no lower than in the 
controls (Mills et al. 1988a); i.e. a thoroughly mixed bag.

Dose Response

The findings may also be considered from the dose-response standpoint. The toxi-
cological principle that the magnitude of an adverse effect is proportional to that 
of the cause is subject to the proviso that there may be a threshold, an amount of 
the causal factor below which an effect is not demonstrated. If it is postulated that 
glycohemoglobin level beyond the usual one is associated with an increased spon-
taneous abortion frequency, and if this adverse effect is subject to the toxicological 
principle enunciated, it follows that only beyond the threshold may there be a re-
sponse whose degree may be proportional to its magnitude.

After this long-winded introduction the anticlimax is that in only a few instances 
was it possible to examine the data in this manner. Some gave evidence of a dose-
response relation (Key et al. 1987; Rosenn et al. 1994); while in others the evidence, 
though equivocal, was negative, since the spontaneous abortion frequencies asso-
ciated with the two greatest levels were not significantly different from eachother 
(Wright et al. 1983; Mills et al. 1988a; Greene et al. 1989).
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An Interim Comment

It is notable that studies declaring that the spontaneous abortion frequency was 
significantly increased in diabetic pregnancy seldom included investigations into 
the pathology of the abortuses. One might have thought it necessary to look into the 
basis of the alleged increase, to determine e.g. whether there might have been an 
increased malformation frequency, especially as this was thought to be significantly 
raised in diabetic pregnancy.

Pathology studies that were made had negative results. Mills et al. (1988a) re-
ported equal numbers of grossly malformed diabetic and control embryos, and 
Bendon et al. (1990) found no histological feature different in abortus tissue from 
diabetic than nondiabetic women. And last, an amniocentesis study determined that 
chromosome abnormality was not increased in fetuses of diabetic women (Hen-
riques et al. 1991).

Tentative Conclusion

It is clear from this overview that the studies presented no consistent evidence of an 
increased spontaneous abortion frequency in diabetic pregnancy; as was indepen-
dently concluded in a review of insulin dependent diabetic women (Smith 1989), or 
was at “worst elevated only slightly above that in the general population” (Combs 
and Kitzmiller 1991); nor that spontaneous abortion frequency is correlated with 
glycosylated hemoglobin levels in early pregnancy.

Two matters especially weakened such studies. Few of them included nondia-
betic pregnant controls; and only when such a group is as closely and thoroughly 
monitored and from as early in pregnancy as the index women can a convincing an-
swer to these questions come forth. The biases in retrospective as well as in various 
forms of prospective studies of the complex phenomenon of spontaneous abortion 
have been extensively noted (e.g. Leridon 1977), and ignoring them diminishes the 
value of a work.

The greatest difficulty remained in explaining the low spontaneous abortion fre-
quencies in diabetic women with glycohemoglobin levels below the means for their 
groups, frequencies far smaller than those generally occurring in pregnancies moni-
tored from soon after their onset. At the same time it must be recognized that such 
frequencies in the women with far greater than normal glycohemoglobin levels fell 
within the range previously often found in overall early-monitored pregnancies, and 
thus can hardly be considered unusual.

The essential question therefore was whether the apparently increased frequency 
of spontaneous abortion found in some of the studies was to be imputed to the 
maternal disease state or to monitoring the pregnancies from or almost from their 
onset. The danger of neglecting the latter possibility was clearly pointed out by an 
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overall population study that found a total frequency of spontaneous postimplanta-
tion abortion of 31% (Wilcox et al. 1988).

Recent Studies

The very few articles of relevance published most recently are considered chrono-
logically.

In a later report from Cincinnati, apparently summarizing all pregnancies seen 
up to that point, those bearing major congenital malformations were disregarded, 
resulting in the spontaneous abortion frequency being overestimated (Rosenn et al. 
1994). It requires no further comment.

In pregnancies of women with pre-existent diabetes seen in 1990–1994 in sev-
eral maternity units in an area of northwest England the first trimester spontaneous 
abortion frequency was 16.4% (Casson et al. 1997). This it seemed was not thought 
unusual since it was not further considered.

In studies of the glycosylated hemoglobin level in diabetic women in a region 
of Denmark in 1980–1992 the overall spontaneous abortion frequency was a low 
10.3%, but whether related to the glycemic level was left unclear (Nielsen et al. 
1997). A similar frequency, 9.8%, was previously noted in diabetic pregnancies, 
in the partly overlapping years of 1976–1990 (Nielsen and Nielsen 1993). Ex-
traordinarily, in later pregnancies in the encompassing years 1985–2003, a greatly 
increased spontaneous abortion frequency was noted, of 21.6%, a leap for which 
no explanation was forthcoming (Nielsen et al. 2006a). Nor was the relation of 
spontaneous abortion to glycemic level specifically noted, the major concern being 
congenital malformation.

In a similar but limited study of such women in Italy the overall spontaneous 
abortion frequency was 21.4%, and not statistically significantly different from that 
in those whose glycemic level was less or greater than 10.0 (Mello et al. 1997).

In Norwich, England the spontaneous abortion frequency in first pregnancies of 
women with type 1 diabetes in 1991–2000 was compared in those with fair or poor 
glycemic control, the frequency being 3.6% at a glycemic level of less than 7.5 and 
14.5% at 7.5% and above, a statistically significant difference (Temple et al. 2002). 
It is not clear why only first pregnancies were scrutinized. Nevertheless something 
was incongruous here, since as commented above the lower frequency was far less 
than that predominantly found in the general population, while the higher frequency 
approximated the usually noted one.

In prospectively identified pregnant type 1 diabetic women in 1998–1999 in 
Scotland 7.3% ended in spontaneous abortion, the glycemic data undisclosed how-
ever (Penney et al. 2003). The same nondisclosure was true of a report of pregnan-
cies of diabetic women in 1999–2000 in the Netherlands, with 11.3% spontaneous 
abortion frequency (Evers et al. 2004); low levels in both instances.

A study in Sofia of type 1 pregnancies in 1998–2004, its findings presented in 
untranslated Bulgarian, hence not fully analyzed, noted mean first trimester glyce-
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mic values of 10.1% vs. 7.0% in aborters and nonaborters respectively, the overall 
spontaneous abortion frequency of 17.2% was disclosed but not that in each group 
separately (Todorova et al. 2004).

A Polish study of diabetic women in whom intensive and conventional insulin 
treatment was compared found no significantly different spontaneous abortion rate 
between them, both with similar low first trimester glycemic levels of 7.8 and 7.5% 
(Cypryk et al. 2004).

A study from Madrid also failed to give specific information about glycemic 
values in aborters versus nonaborters, noting only that in prospectively collected 
diabetic women the overall spontaneous abortion frequecy was a modest 7.9% 
(Galindo et al. 2006).

A close reading of these reports of the outcomes, of those of the more recent as 
well as the older studies, despite the inconsistencies, made it clear that they did not 
support the belief that type 1 diabetes is abortigenic.

Glycosylated Hemoglobin
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The most tenacious and demanding difficulty presented by the pregnancies of dia-
betic women is the toll of fetal and neonatal deaths they experienced. The very 
high rates that prevailed in the years before the discovery of insulin continued little 
improved for some time after the advent of this miraculous panacea; and even ap-
peared to worsen as the therapy enabled many diabetic women to live long enough 
to become pregnant. Though with the passing years these deaths steadily diminished 
their frequency was still manyfold increased in the late twentieth century and even 
in the early years of the twenty-first century (Hawthorne et al. 1997; Vääräsmäki 
et al. 2000; Penney et al. 2003; Melamed and Hod 2009; Persson et al. 2009). This 
chapter will examine their associated features. But first the general nature and at-
tributes of such deaths will be considered.

Definition and Classification

Early offspring death includes several components differing from one another in 
various ways. The need to consider them individually was realized when, given 
increased attention in the 1920s, it became necessary to consider when viability 
begins during prenatal life.

A legal decree regarding this question was promulgated in Great Britain in 1926 
with the passage of an act that formally defined stillbirths as intrauterine deaths oc-
curring after 28 weeks of pregnancy (Armstrong 1986). At about the same time it 
was recognized that stillbirths and the earliest neonatal deaths shared in the prenatal 
origin of many of their causes, and that these largely differed from the causes of 
death of older infants, which were mostly of postnatal origin (Crosse and Mackin-
tosh 1954; Bakketeig et al. 1984).

Hence it was suggested that the first two, stillbirth and early neonatal death, be 
considered a unit and given a separate name—perinatal death (Peller 1923, 1948). 
This called for neonatal death itself to be divided into early and late, defined quite 
arbitrarily as those in the 1st week and the 2nd through 4th weeks after birth, re-
spectively. These terminologies have been useful and among other things enabled 
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clinicians, public health workers, demographers, epidemiologists, and other inves-
tigators to compare their findings.

While these definitions have largely endured, that of stillbirth underwent a 
change. Its original delimitation, 28 weeks of gestation, began to shift as medical 
advance made possible the increased survival of prematurely born infants, resulting 
in a lowered age of viability and a necessary modification in its definition. Thus 
today the widely accepted definition of stillbirth is intrauterine death after 20 weeks 
of pregnancy. Which in its turn led to stillbirth, like neonatal death, being subdi-
vided, for the reason given below, into early and late, the former from 20 through 
28 weeks and the latter after 28 weeks of gestation.

These intervals, needing a foundation, were to be based on the method of dating 
gestational length from the first day of the last menstrual period before pregnancy 
onset; which is the practice of most clinicians and epidemiologists, and is conve-
nient—but biologically incorrect. To obtain the more correct figure, 14 days—the 
usual time between the first day of the last menstrual period and presumed concep-
tion—must be subtracted from the conventionally derived age.

But like everything biological this rule also had its caveats (Berg 1991; Moore 
1991; Saunders and Paterson 1991), since whatever starting time is used there is 
bound to be uncertainty of the length of gestation. To attempt to obviate this dif-
ficulty, and “to eliminate national idiosyncracies,” the World Health Organization 
(1977) recommended that weight of the conceptus be used as the preferred criterion 
of stillbirth classification, with—at least for international comparison—the mini-
mum of 1000 g or certain fetal measurements (equivalent to 28 weeks of gestation) 
continue to indicate the attainment of viability. Details of this topic were given a 
lucid exposition by Hook and Porter (1980).

Perinatal Death in Diabetes

Perinatal death has steadily decreased in the developed countries of the world since 
statistics regarding them were first widely gathered 90 or more years ago (e.g. US 
Bureau of the Census 1960; Chase 1967; Hirst et al. 1968; Powell-Griner 1986, 
1989). Their causes—direct and indirect—are many: medical, demographic, social, 
cultural, environmental (Woolf 1947; Butler and Alberman 1969; Thomson and 
Barron 1983; Bakketeig et al. 1984; Golding 1991; Emanuel 1993).

Perinatal death also declined in diabetic pregnancy, sharing no doubt the features 
associated with their improvement generally, e.g. racial, ethnic, socioeconomic, 
though these were rarely mentioned in reports of such pregnancies. Others, such as 
nationality, region, time, etc., were sometimes inherent in the reports themselves.

Details of these matters were sometimes sparse in older reports of hospital-based 
material, though sometimes compensated for by the richness of many other aspects. 
On the whole however only a few of the many features listed above that are related 
to mortality were reported often enough and in detail enough to judge their associa-
tion with the rate and temporal trend of perinatal death, making analysis of their 
roles often only suggestive.
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Gestational and Neonatal Age

Important in considering perinatal death are age divisions late in gestation: the 
number of perinatal deaths reported, greater when both mortality segments, still-
birth and neonatal death, were included, less when one or the other was not. With 
respect to diabetic births these matters did not present much difficulty. As regards 
stillbirth, most investigators were orthodox in their views about the onset of vi-
ability, limiting reporting to the late stage. This was especially true in Europe, and 
in particular in Great Britain, where this standard was first adopted. Fewer than 
half of the reports explicitly provided this information at all, but it is probable 
that the conservative precept was adhered to by most physicians. As for neonatal 
deaths, many articles only reported early ones; but even when left unsaid, since 
these far outweighed late ones it is likely that the great majority reported were 
early.

Maternal Age

The most often mentioned maternal feature in diabetic pregnancy was mean age or 
its range, but even this was noted infrequently. Maternal age is important because, 
as has long been known, it is closely associated with the background perinatal death 
rate, being slightly increased before about age 20, reaching a low at 20–24, and then 
rising ever more steeply with further advance of age (Sutherland 1949; Thomson 
and Barron 1983; Bakketeig et al. 1984; Golding 1991).

The same was no doubt true of pregnancies of diabetic women, and therefore the 
average maternal age at conception must be taken into account. If advanced it may 
have been due to the reduced fertility and increased menarcheal age once occurring 
widely in diabetic women. Infertility, known to be especially true of women with 
onset of diabetes at young ages, persisted into the early decades of the insulin era 
(Bergqvist 1954; Worm 1955; Post and White 1958), and was still being remarked 
upon in more recent years (Pinget et al. 1979; Burkart et al. 1989; Gens and Michae-
lis 1990; Kjaer et al. 1992a, b; Livshits and Seidman 2009).

Analysis of the responsibility of maternal age for perinatal death in diabetic 
pregnancy would no doubt benefit by considering the possible effects of change in 
age-specific birth rate, of the sort that occurred in US and west European popula-
tions, which was credited with some share in the decreased overall infant mortality 
rate (Gendell and Hellegers 1973; Morris et al. 1975; Meirik et al. 1979). Unfortu-
nately this could not be evaluated in diabetic pregnancy because of the poverty of 
the reported data.

Analysis of parity or birth order, also known to be associated with perinatal 
death, was more successful. While parity is closely tied to maternal age its separate 
relation to perinatal death has been debated (Golding 1991). Nevertheless I exam-
ined its possible role by using the infrequently given parity data—proportion of 
women who were primigravid—in reports of diabetic pregnancies.
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Information regarding maternal age at conception was reported more often in 
older than more recent publications. But at all times was limited and fragmentary, 
and consisted of age range, mean age (stated or calculated from the data given), or 
gravidity proportions.

Data regarding age range revealed little that was definitive, but perhaps pointed 
to a slight shift to a younger span over time. Those concerning age, stated in a fair 
number of reports, gave a clearer, but puzzling picture. Mean age hardly changed 
over the first 50 years of the insulin era, hovering at about 28–29 years. Later a 
small change seems to have occurred, with a decrease to about 27 years. This small 
reduction can scarcely be credited with any but the most minor part in lowering the 
diabetic perinatal death rate (which in any case began earlier than did the maternal-
age shift). A direct indication of the apparently negligible effect of maternal age 
was given by a few comparisons of younger and older women (Andersson 1950; 
McCain and Lester 1950; Möllerström 1950; Jokipii 1955; Gellis and Hsia 1959; 
Malins 1968).

The difference between the earlier noted mean age of diabetic women at con-
ception, 28–29 years, and a later overall population one, 25.7 years in 1962 (Anon 
1963), may partly clarify the excessive mortality rate; while the closeness of the 
later diabetic mean of 27 to the overall 26.7 in 1992 (Ventura et al. 1992) perhaps 
said something about the mortality rate having approached the population level.

Two reports compared mean maternal age in diabetic and overall births, 31 and 
23 years respectively, in 1936–1946 in Pittsburgh (Rike and Fawcett 1948), and 
32 and 24 years, in 1940–1949 in a New York City hospital (Frankel 1950). Such 
information was sparse in later reports, controls seldom being included. These few 
bits of information pointed to an older mean age of pregnant diabetic women, but 
whether this contributed to the greater perinatal death rate is impossible to say.

Primigravidity, a possible measure of average conception age, was even less 
informative, its rate varying haphazardly over time and without correlation with 
maternal age. One analysis for example found the perinatal death rate no different 
in multiparous diabetic women than in primiparous ones (Gellis and Hsia 1959).

The indication thus was that insulin-dependent diabetic women, in the past and 
perhaps even more recently, did not became pregnant as readily as women gener-
ally, and hence their mean age was greater. These disparities however, as already 
surmised, probably accounted for little of the increased perinatal death rate in dia-
betic pregnancies; and it may be concluded that any effect of advanced maternal age 
of diabetic women on perinatal survival was obscured by that of the diabetes itself.

The Early Insulin Era

The rate of offspring death in the few diabetic pregnancies in years before insulin 
was discovered was incredibly high—about 50% dying in utero and during labor 
and 80% of the remainder in the first days after birth (Lambie 1926). The deaths 
were ascribed to various causes including excessive fetal size, making for difficult 
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labor (Lambie 1926), and even generations later: “…a considerable proportion of 
the increased fetal loss in diabetic pregnancies is due to dystocia which results from 
fetal oversize” (Ross et al. 1952).

Although insulin soon improved the fertility of diabetic women it did far less to 
reduce the high perinatal death rate, which continued quite high for years (Henley 
1947).

The first reports of insulin given to pregnant diabetic women came from 
physicians describing the course of the illness and pregnancy in their patients. 
A summary of many of the earliest pregnancies illustrated the continuing seri-
ousness of the disease for the offspring. In 28 cases lasting to the later months 
of pregnancy the perinatal death rate was 39.3% (Wilder and Parsons 1928), an 
appreciable improvement over the preinsulin record, but far short of the level 
in the overall US population, which was 7.7% in the 1920s (U.S. Bureau of the 
Census 1960, p. 25).

The number of diabetic pregnancies grew rapidly during the following 20–25 
years, as did the number of hospitals and centers caring for pregnant diabetic wom-
en. But the new medical facilities failed to make a substantial dent in the mortality 
rate. The poor record [“simply dreadful” Brandstrup and Okkels (1938) called it] 
persisted into the 1940s, being about 25% in US series and 35% to over 40% in 
European ones. It was not till about 50 years later that the mortalities nearly reached 
the population level. This great accomplishment was recapitulated and the roles of 
several causes of it that came into play especially since the 1970s were enumerated 
in an excellent review (Kitzmiller 1993).

The Two Forms of Diabetes

Most of the diabetic pregnancies reported in the early decades of the insulin era con-
cerned diabetes of pregestational onset. Later reports increasingly included diabetes 
that first occurred or was diagnosed during pregnancy, i.e. gestational diabetes, but 
often without presenting the outcomes for the two forms separately. Which is unfor-
tunate because with time the perinatal death frequency in them, not very different in 
the earliest years, greatly diverged, improvement in the pregestational form greatly 
lagging behind the other. Thus the failure to separate their progressively differing 
outcomes further complicated study of trends in the mortality rate associated with 
the pregestational disease.

Facility Size

The diabetic perinatal death rate was much reduced in the larger medical facilities, 
as might have been expected with their excellent maternal care. And indeed they in-
variably had better outcomes than the smaller ones. But even this advantage largely 
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faded away after the 1960s, as the steady reduction in the perinatal death rate all but 
wiped out this differential.

The lower mortality frequency in the larger facilities nevertheless was surpris-
ing, because the better care they offered would have been offset to some extent by 
their patients largely being referred and hence more severely ill. As was recognized, 
the larger centers were attended by selected patients but who were “cooperative and 
superbly supervised” (Jones 1952), all in all, a puzzling situation.

Stillbirth and Neonatal Death

Reports presenting analyzable data made it clear that the rate of stillbirth in the 
early years was always greater than that of neonatal death, being 60–65% of all 
perinatal deaths; contrasted with 50–55% in overall hospital pregnancies during 
these decades. Time however brought the diabetic stillbirth picture into line with 
the background.

Neonatal deaths overwhelmingly occurred within a week of birth, mostly in the 
first couple of days of life (Peel and Oakley 1949; Oakley 1953; Neave 1967). In 
the early insulin years it was over 80%. But this figure was also more or less true of 
neonatal deaths in the general population (Powell-Griner 1986), despite the overall 
reduction in the neonatal mortality rate over time. All told, perinatal death in dia-
betic pregnancies in these years was about 8–12 times greater than in overall births.

Causes Generally

The persistently high perinatal death rate in diabetic pregnancy in the earliest insu-
lin decades was baffling. Its supposed determinants were numerous and each had 
its own advocates.

It should be remembered that not much was known of the causes of perinatal 
death even in the overall population. An early attempt at delineating them di-
vided stillbirths and 1st week deaths into those of maternal, placental, and fetal 
origins, but found that the main one, fetal trauma, fit into none of them (Tingle 
1926). Deaths in Baltimore, beside those attributed to syphilis, were largely due 
to toxemia with the others of unknown cause (Dippel 1934). Other contemporary 
reports were equally vague. The Registrar-General’s report for Scotland for 1939 
noted that 37% of stillbirths were of ill-defined or unknown cause, 14% due to 
difficult labor, 13% to fetal deformities, and the remainder to hemorrhage, tox-
emia, and general diseases (Baird 1942). Another concomitant of many perinatal 
deaths was prematurity, i.e. birthweight less than 1000 g, though prematurity was 
itself not regarded as “a cause of death,” and in such instances the lethal factors 
were the same as in mature babies, asphyxia, trauma, infection, and congenital 
malformation (McNeil 1943).
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The same theme recurs repeatedly in publications during that era (Potter and 
Adair 1943; Labate 1947; Arey 1949; Sutherland 1949). Namely, that many deaths 
were due to toxemia and other maternal illnesses; but essentially were attributed to 
vague and ill-defined “physiological” conditions (Sutherland 1949; Duncan et al. 
1952), autopsies failing “to reveal the cause of stillbirth and first week death in a 
large proportion of cases” (Baird et al. 1954).

Causes in Pregnancy

The causes of perinatal death in diabetic pregnancy were equally perplexing even in 
midcentury. Some saw the main problem to be fetal overgrowth, due it was thought 
to growth hormone excess, neonatal hypoglycemia, maternal toxemia, and congeni-
tal malformations (Lawrence and Oakley 1942). Others emphasized poor care in 
regulating the maternal disease (Miller et al. 1944). An influential group of inves-
tigators at first pointed to “…a direct agent, active in the last four weeks of preg-
nancy,” then to a defective ovum, which included congenital anomalies, disturbed 
chemistry of diabetes, and later hormone imbalance and obstetrical and placental 
causes, with the picture summed up as follows: “…poor control of maternal dia-
betes…congenital defects…maternal vascular disease…prematurity… duration of 
diabetes…age of inception…imbalance of the sex hormones of pregnancy” (White 
1935; 1946, 1949; White and Hunt 1943). In some of these ideas great foresight was 
shown, while others were off the mark.

Consensus coalesced in the 1950s as increased numbers of diabetic pregnan-
cies allowed for broader overview. It was well understood by then that stillbirth 
often followed numerous maternal diseases, vascular and others, plus fetal anoma-
lies (White 1950; Jones 1958), but most remained without satisfactory explanation. 
Even extensive postmortem examination (e.g. Warren and LeCompte 1952) did not 
clarify the problem [a full account of the results of such examinations will be pre-
sented below]. All told little progress was made, and even much later the “precise 
cause of the excessive stillbirth rate” in diabetic pregnancies remained unknown 
(Landon and Gabbe 1995).

Better knowledge of the proximate causes of neonatal death was helpful. Most 
were characterized by some combination of chronological but not developmental 
prematurity, i.e. of date but not size, respiratory difficulties, pulmonary atelectasis 
(these three all associated with each other, of course), generalized cardiac enlarge-
ment, overall excessive size, often followed by traumatic injuries secondary to dif-
ficult delivery, congenital defects, etc. (Given et al. 1950; Hall and Tillman 1951; 
Hagbard 1956; Miller 1956).

There was little that was really new in most of these observations, e.g. poor 
maternal care had early been voiced to be a factor in the high mortality rate, and 
the frequent presence of the triad of prematurity, asphyxia, and atelectasis had been 
noted earlier (Sisson 1940); and even much later respiratory distress continued to be 
a problem (Robert et al. 1976; Bye et al. 1980; Cunningham et al. 1982; Piper and 
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Langer 1993; Piper 2002). Near the end of the past century, and even early in pres-
ent one, assigning causes of perinatal death remained rudimentary (Golding 1987; 
Pauli and Reiser 1994; Incerpi et al. 1998; de Reu et al. 2009).

As noted various elements were thought of relevance in the high rate of perina-
tal death. One of them, quality of prenatal maternal care, had been considered to 
be important since the 1930s. It was an enduring belief that the care the pregnant 
diabetic woman received in regulating her disease, through medical and dietary 
management, was the most important ingredient for lessening the harmful effects 
of diabetes on the fetus and infant. Some felt it was efficacious “especially if it be 
instituted early” (Ronsheim 1933), while others thought care was most important in 
the last months of pregnancy (Skipper 1933).

The quality of the care given to pregnant diabetic women has continued to be 
regarded of great importance; the topic of care in its modern guises will be returned 
to below. Another aspect of care and its relation to perinatal death—control of the 
maternal disease by insulin treatment—is discussed below under the head of disease 
severity in offspring death.

Macrosomia

A feature continually implicated in poor fetal survival in diabetic pregnancy was 
macrosomia, i.e. significantly increased neonatal length and weight, usually defined 
as 4.0 kg or more, owing not to prolonged gestation but to fetal overgrowth, espe-
cially in the last trimester of pregnancy, producing babies large for gestational age.

This was frequently true in the past (Hsia and Gellis 1957), affecting as many as 
one-third of births (Pedowitz and Shlevin 1952). Newborns of diabetic mothers in 
Copenhagen e.g. were 18.1% heavier and 2.9% longer than a matched control group 
(Pedersen 1954b). Even more recently large centers reported big babies in 25–42% 
of the pregnancies (Kitzmiller 1986). Yet paradoxically, according to certain devel-
opmental criteria, such infants could be considered growth retarded (Pederson and 
Osler 1885; Gruenwald 1966).

Many reports noting giant infants were summarized early (Fischer 1935). Time 
reduced its frequency. In 1932–1947 diabetic mothers had excessively large babies 
nine times as often as mothers generally (Nathanson 1950); 30–40 years later dia-
betes only doubled the risk of infant macrosomia (Boyd et al. 1983); but it is still 
happening (Schwartz and Teramo 2000; Taylor et al. 2002; Johnstone et al. 2006; 
Persson et al. 2009; Weindling 2009).

Heavy babies usually had a difficult birth and were subject to skeletal and neu-
rological injuries and sometimes death (Given et al. 1950; Pedowitz and Shlevin 
1952); and still are (Das et al. 2009). But the question remains whether big babies 
are at increased risk of stillbirth. There is evidence that the perinatal death rate 
of excessively large babies in general is at least twice that of normal-sized ones 
(Stevenson et al. 1982). But the answer is uncertain so far as diabetic births were 
concerned (Kitzmiller 1986).
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In the past macrosomia was even found in “cases with excellent control of dia-
betes throughout pregnancy” (Lavietes et al. 1943; Gilbert and Dunlop 1949), and 
occurred later even in well controlled pregnancies (Knight 1983; Dandona et al. 
1986; Berk et al. 1989; Hunter et al. 1993; Hare 1994; Silva et al. 2005), and is still 
not well understood (Kitzmiller 1986; Fenichel et al. 1990).

Like other problems the question has been sidestepped by the great decrease in 
the perinatal death rate in diabetic pregnancies, and the lowered risk of trauma in 
diabetic births (Mimouni et al. 1992). Macrosomia is further dealt with below in its 
relation to prediabetes and gestational diabetes.

Sex Hormone Imbalance

An early theory, taken seriously by clinicians for 20 years or more, proposed that 
maternal sex hormone imbalance, often found in toxemic pregnant diabetic women 
(Murphy 1933; Smith and Smith 1935), was responsible for increased perinatal 
death (White et al 1939). The expectation thus was that replacement therapy would 
reduce the incidence of toxemia and lead to improvement in offspring survival rate. 
The results of such therapy, when applied with other more usual sorts of manage-
ment of the disease in pregnancy, appeared to support the belief (White and Hunt 
1943; White 1949; Nelson et al. 1953; White et al 1956).

The theory began fading away when skepticism set in following recognition of 
the imprecision of the means of assaying the hormones (Reis 1956); noting that 
hormone therapy provided no significant advantage, and that as good results were 
obtained simply by careful supervision of pregnancy (Medical Research Council 
1954; Miller 1956; Reis et al. 1958; Gellis and Hsia 1959). Thus cruel facts, as 
they will, rapidly vanquished a long and widely held theory. Despite these consid-
erations belief in the efficacy of hormones persisted locally a while longer (White 
1965).

Disease Severity

The problem seemed to be clarified by relating perinatal death to severity of the 
maternal disease. But there was disagreement about what constituted severity and 
how it was to be classified (Jones 1956). A conflict arose about whether it was to 
be judged by historical or by metabolic criteria. The one based judgment on age at 
onset of the disease, its duration at the time of pregnancy, and degree and extent of 
maternal vascular pathology; and the other on the metabolic state of the diabetic 
patient as indicated by insulin requirement during pregnancy, i.e. difficulty of man-
agement (Given et al. 1950; Tolstoi et al. 1953; White 1949; Nelson et al. 1953). 
Classification was confused however because of the poor correlation of these crite-
ria with fetal loss (Hurwitz and Higano 1952; Oakley 1953).

Perinatal Death in Diabetes



30

Regarded from the neutral standpoint of a present-day observer these approaches 
can be seen to have had complementary features, both being indicators of mortality 
risk—if severity in fact were associated with that risk. They might especially have 
been useful because they were quantitatively classifiable and statistically evaluable, 
plentiful unambiguous relevant data having been accumulated during the previous 
couple of decades.

To summarize, severity was estimated or classified by two criteria: duration and 
extent of vascular disease, and insulin requirement. My assessment of the extensive 
data from the 1930s to 1950s found earliness of onset, duration, and insulin dose not 
conclusively related to offspring survival. Adding to the difficulty, disease duration 
and insulin dose were barely correlated, which was not always true for onset age 
and duration.

In contrast with these negative or ambiguous relations, that between perinatal 
death and the quality of control of diabetes was decidedly positive. Although con-
trol or supervision of the disease was not always explicitly defined, what it meant 
for one group can be taken as typical (Lawrence and Oakley 1942): completeness 
of supervision referred to the earliness and regularity of being seen during diabetic 
pregnancy, and treatment being adjusted as needed. It was such individualized man-
agement of pregnancy, apparently not in itself equivalent to insulin dose, that my 
appraisal found associated with the markedly improved perinatal death rate; though 
so happy an outcome was not invariable (e.g. see Given and Tolstoi 1957, for disap-
pointing results).

Nevertheless, what for the most part were good auguries, which guided and fore-
shadowed the future emphasis on maternal glycemic control (Kitzmiller 1993; Hare 
1994).

Other Alleged Relations

Numerous other elements, especially intrauterine ones, were alleged to be involved 
in offspring death: a direct lethal factor perhaps associated with the toxemia and 
preeclampsia experienced in the last 4 weeks by many diabetic women (White 
1935); as well as various other maternal and fetal dangers—ketoacidosis, hydram-
nios, premature labor, macrosomia, hypoglycemia, developmental immaturity, and 
congenital malformations (Eastman 1946; Bachman 1952; Miller 1956; Stevenson 
1956). But the association of these features and perinatal death was illusory or often 
far from consistent (Kyle 1963).

For example, extensive studies indicated that toxemia was not important; but 
others found mortality rate to be significantly greater in pregnancies of insulin-
treated women with various complications than in those without them, while there 
were no such differences in those not requiring insulin (Miller et al. 1944). Clearly 
the relation if any was complex and no doubt was made even more so by variable 
standards and definitions of toxemia (Lawrence and Oakley 1942; Peel and Oak-
ley 1949; Hagbard 1956). Even later, though there had been much improvement, 
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the survival rate of infants from diabetic pregnancies complicated by nephropathy, 
preeclampsia, and so on did not always reach that of the general population (Garner 
et al. 1990; Kitzmiller and Combs 1993).

The reader must have noted that congenital malformations were repeatedly 
mentioned in this recitation of the causes or concomitants of perinatal death, 
though often merely as an afterthought. In early studies these were one of the 
few consistently identified elements of significance. And this became increas-
ingly more conspicuous, as the perinatal death rate decreased with the passing 
years, many of their causes—infectious, nutritious, social, etc.—weakening or 
disappearing; while congenital malformations, still undiminished, came to be 
an increasingly larger proportion of them (Edouard and Alberman 1980; Kalter 
1991). Their possible importance in the high diabetic perinatal death rate will be 
considered below.

Preventing Stillbirth

As we saw, the greatest challenge in the study of diabetes in pregnancy in the early 
insulin era was the terrible rate of stillbirths, which comprised about two-thirds 
of all perinatal deaths. Since there seemed to be potential ways of averting these 
deaths, attention became concentrated on them and the neonatal mortality problem 
for the moment was largely set aside.

Intrauterine death being predominantly a phenomenon of the last weeks of preg-
nancy (e.g. Peel and Oakley 1949; Pedowitz and Shlevin 1955), it seemed that many 
stillbirths could be prevented, or rather circumvented, by performing elective cesar-
ean delivery before they could occur. This was the strategy advocated especially by 
obstetricians but also by others (Nothmann and Hermstein 1932; Ronsheim 1933; 
White 1935; Titus 1937); hence it soon became the widespread practice to deliver 
pregnant diabetic women by cesarean section 4–5 weeks before expected parturi-
tion (Eastman 1946).

At the same time there was much skepticism of the necessity and benefits of this 
practice (Peckham 1931; Skipper 1933; Hurwitz and Irving 1937; Herrick and Till-
man 1938; Shir 1939; Mengert and Laughlin 1939; Hall and Tillman 1951; Sindram 
1951; Miller 1956). For example, it was noted that a large proportion of deaths had 
already occurred by the end of the 36th week (Hurwitz and Higano 1952), and very 
few additional ones thus would have been prevented by early delivery.

Sometimes the rescued prematurely delivered infants died at birth and added 
to the neonatal death toll, an unexpected drawback to realizing the supposed full 
potential of the practice. As it was put, “…early termination does not alter the out-
come of pregnancy, but merely changes the death-bed of the foetus…” (Barnes and 
Morgans 1949). Such deaths were the product of the difficulty of striking a balance 
between the need to deliver babies before most intrauterine deaths occurred and not 
doing it early enough to deliver babies that might die neonatally because of respira-
tory immaturity (Hurwitz and Higano 1952; Gellis and Hsia 1959). To thwart most 
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of the intrauterine deaths and also minimize the neonatal problem the compromise 
selected was delivery at about 35–38 weeks of gestation.

This strategy appeared to have the desired outcome. A summary noted that it 
reduced the stillbirth rate by half or more, and that the one untoward by-product, a 
slightly increased neonatal mortality rate, did not tarnish the overall improved re-
sult (Bachman 1952). It was noted later however that this optimistic appraisal was 
marred by statistical nonsignificance (Miller 1956). My summary of the reports of 
an even larger number of pregnancies mostly during the 1930s and 1940s supported 
the optimism respecting stillbirths, and found no worse neonatal mortality rate.

These favorable results were weakened, however, by several flaws. The first, 
patient selection. Women chosen for cesarean section presumably were those with 
indications of impending intrauterine death—obstetrical history, fetal oversize, 
uncontrolled diabetes, etc. (Kyle 1963). In some instances cesarean section was 
also made at or near term when emergencies necessitated it (McCain and Lester 
1950). Many such indications however were not helpful in identifying women at 
risk (Whitely and Adams 1952); and factors that “influenced the obstetrician to 
induce labour or await spontaneous onset rather than deliver by cesarian section 
are not always clear…” (Stevenson 1956). Also women selected for the procedure 
probably received medical attention earlier in pregnancy and more frequently and 
ongoing than those delivering at term; maternal care being an important element in 
mitigating the cesarean rate, this may have been a source of some of the improved 
stillbirth record in these deliveries.

The results were also made more rosy by allowing fetuses already known to be 
dead in utero to be delivered at term. The proportion of deaths in such deliveries 
could not be compared with that of cesarean-section deliveries (Reis et al. 1950). 
Only by excluding the stillborns could this be done, and as pointed out, when the 
recognized intrauterine deaths were omitted from the calculation the fetal loss in 
vaginal deliveries was reduced to a level that would not have been bettered by ad-
ditional cesareans (Jones 1952).

But there was a possible countervailing situation as well. Comparing neonatal 
deaths in vaginal and cesarean-section deliveries, several studies reported a slight 
but statistically significant advantage of the latter (Gellis and Hsia 1959). This was 
influenced however by misleading data from deliveries prior to the 33rd week, 
which when excluded revealed no significant difference in the rate of neonatal death 
in the two types of delivery. This plus the good results that were achieved simply by 
diligent care during the last weeks of pregnancy (Nelson et al. 1953; Pedersen and 
Brandstrup 1956) confirmed the opinions of those who throughout had regarded the 
routine cesarean section practice skeptically.

The White Classification

What had to some extent hampered the study and management of diabetic preg-
nancy in the first 25 years or so of the insulin era was the lack of an objective system 
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of grading the seriousness of the disease state. Such a system might also have found 
use as an indicator of the extent of fetal risk, and if predictive would have aided in 
instituting preventive measures. Some of the need for a new focus also came per-
haps from the growing recognition that the beneficial effects of close management 
of pregnancy, which were beginning to be realized, meant that at least some of the 
causes of the excessive prenatal mortality rate resided in the maternal organism.

Such considerations may have been the rationale of a new system of classifi-
cation of diabetes in pregnancy (White 1949). The devising of this system was 
undoubtedly one of the most important, and certainly the most durable, of White’s 
many contributions to the study of diabetes in pregnancy. It consisted of an inte-
grated method of grading the “pre-pregnancy” maternal state—disease onset age 
and duration plus intensity of vascular pathology—according to level of severity, 
denoted as classes A through F. The scheme will be described and discussed in 
detail below.

The White system, though soon accepted by many investigators, at first had its 
critics. For example the difficulty was noted of applying a system based on pre-
pregnancy criteria to patients first seen during pregnancy (Long et al. 1954). It was 
also complained that it “did not take into account insulin amount needed or ease 
or difficulty of maintaining control” (Dampeer 1958). These complaints were not 
widely shared, and the White system was soon broadly applied and indeed said to 
have been accorded “virtually semiofficial status” (Jones 1956), at least in the US.

In Europe the White system was felt to be unsatisfactory, because of the incon-
sistency of the relations between the relevant variables proposed by the system 
and pregnancy outcome (Oakley 1953; Pedersen 1954a). A suggested alternative, 
which was believed would improve the prediction of diabetic pregnancy outcome 
(Pedersen and Mølsted-Pedersen 1965), was an individualized scheme that relied 
on “prognostically bad signs” appearing during pregnancy (Pedersen et al. 1974). 
Which never caught on, and was rarely used outside of Copenhagen. A simplified 
scheme was proposed later, whose purpose was less to predict harmful fetal out-
come than to aid in management of pregnant diabetic women (Essex et al. 1973).

The White system increasingly demonstrated its usefulness in relating disease 
severity to perinatal death, hence in estimating fetal risk prenatally or early in preg-
nancy and helping avert the threat, a close relation which continued even as the 
latter greatly decreased; usefulness furthermore that has continued into the new 
century (Cormier et al. 2010).

There were always exceptions. The overall correlation was not seen everywhere. 
For example the Lying-in Hospital in Providence, Rhode Island had less severe 
cases but a higher perinatal death rate (Jones 1958); while patients seen at the Jos-
lin Clinic in Boston were more severely affected but had a smaller mortality rate 
(Gellis and Hsia 1959). The reasons for such disparities were perhaps many, subtle, 
and nonspecific.
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The term prediabetes once upon a time referred to two separate areas of study, 
similar yet different, an earlier one now largely forgotten and a current one. Nev-
ertheless both were similar in their focus, the period preceding the onset of overt 
diabetes, and in their purpose, the discovery of elements leading to the development 
of full-blown disease, in order to forestall its manifestation. They differed however 
in the phenomena studied, the older area, adverse outcomes of earlier pregnancies, 
and the later area, preceding pathophysiological processes (Leiva 1996). Who could 
possibly have forseen how it would all turn out?

In any case, what should not be neglected is that this was an old quest. Joslin 
noted in 1928 that “He [Naunyn] sees in heredity the common bond which unites 
the different forms, or as he said, ‘to speak more exactly, the heredity of the diabetic 
tendency.’…Almost any illness or injury…may serve as the cause.” An area of con-
jecture also not resolved even years later (Friedman and Fialkow 1980).

Prediabetes, whatever its focus, is a chapter virtually forgotten in the story of 
diabetic pregnancy. Recounted here are years of intense study of what came to be 
realized was a disease that did not exist, or as it was put “…a unique disease. No one 
has ever suffered from it” (Pyke 1962).

What its students studied were adverse outcomes of pregnancy in the prediabetic 
period, i.e. of diabetic women before the disease became manifest; whose study it 
was hypothesized would yield understanding of the processes leading to it (Jackson 
1959; Conn and Fajans 1961; Camerini-Davalos 1964). As stated by Krall (1965), 
“Diabetes doesn’t occur overnight but starts at birth or earlier…”

The adverse outcomes were the familiar ones of perinatal death and congenital 
malformation, plus one other (Jackson 1959). In fact it was the last—namely, ex-
cessive offspring birthweight or macrosomia—that was considered the hallmark of 
prediabetes, and whose belief as an indicator of potential diabetes was most durable.

This macrosomia was an old phenomenon. It was present in the very first docu-
mented instance of a birth to a diabetic woman (Bennewitz 1824), the subject of a 
thesis in which the comment appeared—as a translation from the Latin text puts 
it—that there had been a “child…Hercules weighing twelve civil pounds…” (Had-
den and Hillebrand 1989). Fifty-eight years later, in a survey of the few diabetic 
births that had been recorded in the interval, another such outcome was noted by 
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Duncan (1882) who was impressed by a “dead foetus…described as enormous…
its weight…extraordinary….” Death it seems was generally the fate of these large 
babies, so much so that they were expressively depicted (Fournier, cited by Lambie 
1926) as “giant babies with feet of clay, unfit for life” (my translation).

As pregnancies of women with overt diabetes became commoner during the 
early insulin years large babies born to them became more common, 15–25% of 
births in one report (Eastman 1946) and even more frequently, 45–75%, in another 
(Bachman 1952).

Macrosomia in Prediabetic Pregnancy

But diabetic women it was soon discovered often had very large babies even before 
developing the disease. A discovery enabled by the mounting number of them living 
to mature ages, leading to knowledge of the outcome of their prediabetic pregnan-
cies.

It began with a report of 155 women in Vienna who had developed diabetes in 
middle or later life who recalled the birthweights of 608 of their babies of earlier 
pregnancies—nearly 11% weighed 5 kg (11 lb) or more in contrast with only 0.3% 
in a large group of births overall (Bix 1933). Earlier inconclusive reports of exces-
sive neonatal weight were cited by Skipper (1933), who nevertheless said “it is no 
exaggeration to state that the birth of a child of excessive size always suggests the 
advisability of investigating the mother for diabetes.”

It was then noted that giant babies were often born years before, as long as 10 
years before, clinical diabetes became manifest, whose dimensions became clearer 
when corroborations started pouring forth (Allen 1939). The first of these, which 
set the pattern for its successors, noted that 3.9% of 256 prediabetic births weighed 
over 5 kg (a much lower frequency than Bix had noted, perhaps because it was 
not maternal memory but hospital records that were relied on), but even so, much 
greater than the control 0.07% (Miller et al. 1944), the latter close to the 0.13% of 
full-term infants born in 1932–1947 in a New York hospital (Nathanson 1950).

Another important point, whose meaning was not immediately appreciated, was 
that its frequency seemed to increase with closeness to the time of onset of the 
diabetes. Many articles backed up these findings (e.g. Kriss and Futcher 1948; Reis 
et al. 1950; Kade and Dietel 1952; Marquardsen 1952; Moreau et al. 1955); but 
confirmation was not universal, sometimes no difference being found between the 
mean birthweight of children of prediabetic women and the control or usual one 
(e.g. Barns and Morgans 1948).

The positive findings varied in several ways, especially in frequency of the big 
babies. This was not only because of variable weight criteria and uncritically ac-
cepted maternal memory, but mainly because of differences in various maternal 
attributes, whose association with birthweight was not yet well recognized.

The trend also differed. Big babies sometimes occurred only in the years im-
mediately preceding diabetes onset (Paton 1948; see Pirart 1955 for further refer-
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ences); or in an increasing frequency throughout the prediabetic years (Moss and 
Mulholland 1951; Jackson 1952; Hagbard 1958); some the opposite, the frequency 
generally decreasing (Peel and Oakley 1949; Malins and FitzGerald 1965); or there 
was an elevated but constant level over most of the prediabetic period (Futcher and 
Long 1954; Rolland 1954; Pirart 1955).

In fact it was the last pattern that led to the suggestion that macrosomia was a 
constitutional feature of the prediabetic period, calling attention to the role of other 
factors as well as or even rather than the potential diabetes in its occurrence. One 
of which was frequent maternal obesity, thought by some to be irrelevant (Miller 
1945), but definitely associated in retrospective studies (Futcher and Long 1954; 
Pirart 1955; Pomeranze et al. 1959); and in others of a different variety.

Prediabetes Pregnancy Mortality

Prediabetes was also associated with increased perinatal death. This was first noted 
in an incidental tabular entry to the effect that 19% of 142 pregnancies had ended 
in stillbirth “prior to the onset of diabetes,” in contrast with 6% in a contemporary 
series of consecutive births (White 1935).

Numerous such reports followed over the next 25 years (Mengert and Laughlin 
1939; Miller et al. 1944; Barns and Morgans 1948; Rike and Fawcett 1948; Patter-
son and Burnstein 1949; Peel and Oakley 1949; McCain and Lester 1950; Zilliacus 
1950; Moss and Mulholland 1951; Jackson 1952; Pedowitz and Shlevin 1952; Rol-
land 1954; Jokipii 1955; Moreau et al. 1955; Hagbard 1958). Increased mortality 
appeared years before the onset of diabetes, as much as 15 or more years before, 
though it was most evident in the preceding 5 years (e.g. Malins and FitzGerald 
1965). Others however continued to find mortality frequencies in the prediabetic 
years similar to population levels (Palmer and Barnes 1945; Herzstein and Dolger 
1946; Imerslund 1948; Reis 1956; Kade and Dietel 1952; Marquardsen 1952; Pirart 
1955).

Interestingly, it was agreed by all, even by some reporting an increased perinatal 
death rate, that spontaneous abortion defied this hazard, that its frequency was unaf-
fected in prediabetic pregnancies. Much of the literature on these and other facets 
of the subject were fully reviewed (see Bachman 1952; Kyle 1963; Pedersen 1977).

What became obvious was that any analysis of the association of prediabetes and 
harmful pregnancy outcome must address the question of the possible confound-
ing role of numerous variables. But of far greater importance was the fundamental 
question of what was meant by prediabetes. Authors addressing this matter usually 
agreed that the term referred to the period preceding “known” diabetes or the “dis-
covery” or the “clinical manifestation” or the “recognition” of diabetes. But it was 
not long before it was widely admitted that time of disease onset defined in this 
manner was far from precise.

Furthermore, all of this paralleled the frequent occurrence of macrosomic babies 
in the years just before the onset of diabetes, whose story will be told below.

Prediabetes Pregnancy Mortality
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What Did it All Mean?

This murkiness had been alluded to even during the first decades of the insulin era. 
For example it was admitted that some prediabetic pregnancies probably included 
cases of undiagnosed diabetes (White 1935), and others not only conjectured that 
there was an “inability to determine the exact date of onset of diabetes,” but also 
reasoned that this “probably led to the inclusion of instances of existing diabe-
tes….” (Herzstein and Dolger 1946); a supposition soon echoed by others (Reis 
et al. 1952; Hagbard 1961; Kyle 1963; Malins and FitzGerald 1965).

Understandably this fatally weakened the legitimacy of the concept of prediabe-
tes, and made doubtful its supposed effects on pregnancy outcome. In fact the con-
clusion became inescapable that the evidence gave very little support to the notion 
that the prediabetic state produces untoward effects on the fetus or infant, and that 
all of the infelicitous outcomes attributed to prediabetes must actually be imputed 
to association with very early as yet unrecognized stages of diabetes itself. But this 
was not the whole story.

Insidious Form of Diabetes

Studies of prediabetes were all made retrospectively, as they could not have been 
otherwise. Starting with frankly diabetic women adverse events occurring before 
the onset of the disease were looked back to. But the significant fact noted in nearly 
all these reports was that the diabetes onset occurred at advanced maternal ages 
(Miller 1945; Herzstein and Dolger 1946; Kriss and Futcher 1948; Paton 1948; 
Gilbert and Dunlop 1949). That is, most instances of the disease appeared near 
the end of the reproductive years or even postmenopausally; and furthermore were 
not insulin dependent. As was later realized the form of diabetes that followed this 
precursory span was what came to be known as noninsulin dependent or type 2 dia-
betes, a form, at the time, mostly of later adult onset. Even then it was understood 
to become “manifest over a longer period” (Kirk et al. 1985) and frequently to have 
an “insidious or asymptomatic onset” (Knowler et al. 1983).

Great changes in the incidence of type 2 diabetes later in the century as well as 
further remarks concerning it will be noted below.

The distinction between the late-occurring form and the insulin-dependent early-
onset variety, although explicitly enunciated only later (Larsson et al. 1986; Or-
chard et al. 1986), was already recognized more than a century ago, when Lecorché 
(1885) wrote “Le diabète s’observe surtout chez elle au deux périodes extrême, 
avant la puberté, après la ménopause,” and two generations later when Barns (1941) 
reiterated “…diabetes is much commoner in women during the latter part of the 
child-bearing period…which is largely responsible for the comparative rarity of 
pregnancy in the diabetic.” For late thoughts on the subject see Srinivasan et al. 
(2008).
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A Summary

What can be called the initial phase of the story of prediabetes can be summa-
rized as follows. It came to be widely believed that the prediabetic period was 
characterized by several untoward outcomes of pregnancy, especially excessive 
birthweight and increased perinatal death (Malins and FitzGerald 1965). But it 
was soon perceived that the bad outcomes happened mostly or only in the years 
immediately preceding diabetes onset, at a time in fact when it might already have 
been present but as yet undiscovered. This made for the realization of the virtual 
impossibility of establishing the end of the prediabetic period, which combined 
with the accumulating negative evidence regarding the impact on perinatal death 
led to abandoning further attempts to associate prediabetic pregnancy with in-
creased perinatal death.

More persistent however was the belief that babies born during this period were 
often very heavy. That such occurrences were auguries of, or as they would be 
termed today, risk factors for potential diabetes, was much weakened however, not 
only by the difficulty of clearly establishing the time of diabetes onset, but also by 
early indications of the complex entanglement of giant babies and potential diabe-
tes with other factors—maternal predisposition to obesity, etc. (Futcher and Long 
1954; Pirart 1955; Pedersen 1977). It was only later that these confounding ele-
ments were to some degree disentangled. But explanation of the births of these big 
babies during the prediabetic period was still called for.

Prospective Approach

This long-winded preface to the subject of prediabetes might seem far removed 
from the main strands of this work, pregestational and gestational diabetes. Never-
theless it is considered because by a trail we shall follow it eventually led to areas 
that are directly relevant.

First, doubt about the validity of retrospective studies led to the use of a new 
approach, one in which women were glucose-tolerance tested whose reproductive 
history indicated a risk of developing diabetes and an abnormal response taken as 
possible evidence of this potentiality. The first risk factors thought to be relevant 
were perinatal death and macrosomia, because they had been noted in prediabetic 
studies—although by then this simplistic notion had already begun to be discount-
ed. In many studies the women were pregnant or recently pregnant. This was an 
important point.

A new fashion—the prospective approach—was then turned to, and many pre-
diabetic pregnant women, 20-40%, especially those that had had big babies, when 
glucose tolerance tested, responded abnormally (see Engleson and Lindberg 1962). 
Even in the first such study certain maternal attributes were associated with big 
babies (Gilbert 1949), one of the major ones, as suspected, being obesity; though of 
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course the analysis was confounded by many later discovered variables (see Lars-
son et al. 1986).

To put it all in a nutshell: many mothers of big babies were obese and obese 
mothers often had typical diabetic glucose-tolerance responses. That is, big babies, 
maternal obesity, and abnormal carbohydrate metabolism were all closely corre-
lated—but their causal relations were uncertain, since none of its parts was able to 
predict diabetic outcome individually (O’Sullivan et al. 1966; Lubetzki et al. 1973; 
O’Sullivan and Mahan 1980).

There was little doubt, however, that bigness alone was a poor predictor of the 
risk of developing the noninsulin dependent form of the disease (Larsson et al. 
1986). Which means that although prospective study of risk factors was able to 
characterize populations it was unable to predict the fate of individuals.

Despite the fruitlessness of these numerous studies something of positive value 
emerged. The glucose tolerance testing of pregnant women with the mentioned risk 
features inadvertently led to the discovery that a considerable proportion of all preg-
nant women had aberrant responses. [In all fairness, this revelation was preceded 
(but not appreciated) by a study that noted frequent abnormal responses in normal 
pregnant women, a study that was prompted by recalling that preexisting diabetes 
may be worsened by pregnancy (Hurwitz and Jensen 1946).] This discovery opened 
up a new area of investigation, carbohydrate disturbance exhibited during preg-
nancy, or gestational diabetes, to which a later chapter is devoted.

Prediabetes and Congenital Malformation

A number of reports mentioned births of congenitally malformed children during 
the prediabetic period, which it was inferred were due to this state. Except that the 
malformations were totally without pattern and the pregnancies producing them 
preceded the onset of diabetic symptoms by months to years.

The following are examples of the former. Earliest was a child with congenital 
heart disease born 6 months before the clinical onset of diabetes (Barns 1941). An-
other was hydrocephalus in a big baby whose mother was identified as prediabetic 
either because she had previously had a big baby or an abnormal glucose tolerance 
response in the index pregnancy (Lund and Weese 1953).

A woman with three infants with spina bifida and meningocele was considered 
to have been prediabetic at the time of the pregnancies because three months after 
the third one she displayed a typical abnormal glucose tolerance curve; which was 
indubitably corroborated by the fact that her grandmother was a diabetic and had 
six neonatal deaths in 14 pregnancies, and that in her fourth pregnancy she received 
insulin and had a perfectly normal child (Hoet 1954; Hoet et al. 1960).

Further cases concerned mothers of children with various skeletal abnormalities 
who became diabetic six or more years after the births; were discovered to have a 
high blood glucose level a year after the birth; had an abnormal glucose tolerance 
on the second day postpartum (McCracken 1965; Kalitzki 1965; Thalhammer et al. 
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1968). And the same allegations were made much later, viz. that women with chil-
dren with various defects who had “slightly elevated blood glucose levels” and a 
family history of type 2 diabetes were “at risk for diabetes” (Van Allen and Myhre 
1991; van der Wal and Mulder 1993). [Incidentally the skeletal defects were al-
most certainly brought to attention by reports of similar abnormalities in children 
of diabetic women (Lenz and Meier 1964; Kučera 1965; Passarge 1965), discussed 
below.]

Survey studies having such outcomes were examples of erroneous deductions 
based on gross underestimate of the background malformation frequency: a report 
of 3.2% malformations in offspring of prediabetic pregnancies contrasted with 
0.5% in nondiabetic pregnancies (Kade and Dietel 1952); 4.0% of “serious” mal-
formations compared with 1.7% in controls (Hagbard 1958)—the latter given the 
logical veneer that they were probably due to “transient unrecognized diabetes dur-
ing pregnancy”; and another making the interesting comment that the findings were 
similar to Hagbard’s, about 4%, but only if minor malformations were also consid-
ered (Carrington 1960). It should be recognized that the malformation frequencies 
reported in these prediabetic pregnancies were close to that of major malformations 
ordinarily noted in the general population (Kalter and Warkany 1983).

Turning things around, other studies examined the frequency of prediabetes (i.e. 
of the features usually considered indicative of diabetes risk) in mothers of infants 
with specific malformations or malformations in general. Cardiac defects were 
found in 20–30% of children with immediate family members with diabetes, but 
not in any of their mothers, who were considered latent diabetics (Downing and 
Goldberg 1956a, b). Controls were lacking, whose need was indicated by a study 
that found no difference in the frequency of diabetes in the relatives of children with 
and without congenital heart disease (Fraser 1960).

Surveys of infants with various malformations were similarly misleading (López-
Quijada and Carrion 1974; Goldman 1976), including a bizarre report claiming that 
75% of children with Down syndrome had mothers with evidence of prediabetes 
(Navarette et al. 1967). Like indication, in the form of increased immunological 
antagonism to insulin, in otherwise asymptomatic individuals, was seen in many 
mothers of children with defects (Wilson and Vallance-Owen 1966; Vallance-Owen 
et al. 1967). In later studies of insulin immunogenicity in pregnant diabetic women 
and their fetuses higher anti-insulin antibody level was not associated with sponta-
neous abortion, perinatal death, or major and minor congenital malformation (Myl-
vaganam et al. 1983).

And last, also deserving mention, were surveys with negative findings. The mal-
formation frequency in children of mothers with abnormal glucose tolerance and 
control mothers was not significantly different (Wilkerson 1959; Barnes 1961); nor 
was there a difference between controls and infants of mothers diagnosed as dia-
betic after 35 years of age and thus prediabetic when pregnant (Neave 1967, 1984).

This chapter can appropriately be closed with a quotation from Hadden (1979): 
“Untreated asymptomatic diabetes does not often progress to frank diabetes. This…
casts some doubt on the whole concept of a pre-diabetic phase….”
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Gestational diabetes was discovered only 50 years ago—in the sense that it was 
not until 1961 that it was given a name and became a definite entity. This late 
emergence onto the stage is surprising, since the condition was noted well over 100 
years ago. But its long relegation to the sidelines was understandable because only 
later did the demanding problems presented by overt diabetes in pregnancy begin to 
relent and attention allowed to turn elsewhere.

Compensating for this neglect the several following decades saw a surge of inter-
est in it and an outpouring of writings devoted to it. So much so that this minideluge 
was derided by a long-time worker in this vineyard. Using the then current jargon 
in a paper that appeared soon after his death he commented, “Studies relating to 
gestational diabetes constitute a growth industry and the many publications flowing 
therefrom have done little to clarify our thinking” (Drury 1989). So this chapter will 
open by asking how this proliferation came about and why clarification had been 
long frustrated.

What Is Gestational Diabetes?

It had long been known that diabetes and pregnancy could be associated in two 
ways: pregnancy can occur in a woman who is already diabetic, and diabetes can 
occur in a woman who is already pregnant. This distinction, then newly recalled, 
was an important one.

The latter, diabetes appearing or discovered for the first time during pregnancy, 
the subject here, was given the name gestational diabetes by O’Sullivan (1961). He 
explained that it referred to an asymptomatic condition signaled by blood glucose 
concentrations lying between a borderline area at the upper reaches of normality on 
the one hand and unequivocal diabetes on the other.

[An aside: Before the new name was introduced diabetic pregnancies of pre-
gestational origin not requiring insulin were denoted class A (White 1949). Calling 
them as such continued after 1961 but less and less so until it was replaced by the 
new term. Here regardless of how named in the various publications all pregnancies 
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that could possibly be identified as such are subsumed into the category gestational 
diabetes.]

The fundamental necessity for studying this phenomenon was to define normal-
ity for the purpose of knowing where to draw the line separating it from that which 
lay beyond. The primary task—agreement about definition and classification—took 
time to accomplish, and even later was not fully resolved. But in the beginning there 
was another problem.

Early Questions

In the beginning there was skepticism that diabetes could have an onset during preg-
nancy. Though it had been enunciated long before by Duncan (1882), summing up 
the cases of diabetes associated with pregnancy he had knowledge of, that “diabetes 
may come on during pregnancy…[and] pregnancy may occur during diabetes.” The 
first of these possibilities was brought to light by about half of them apparently be-
ing of intragestational origin.

But questions about this interpretation soon arose. It was suspected that in some 
instances of diabetes developing during pregnancy it was only its “earliest mani-
festations [that] were discovered during that condition” (Stengel 1904). Also it was 
reasoned that when recognized in the first half of pregnancy the diabetes may have 
existed before it was recognized (Eshner 1907).

It was even proposed that its apparent infrequency was deceptive, the result of 
failure to detect preexisting mild or inapparent instances (Williams 1909); a conten-
tion supported by a collection from the literature of 66 “definite” cases of diabetes 
in pregnant women, 55 of which were considered to be present before conception 
and to have persisted afterward. The disbelief, that diabetes frequently arose during 
pregnancy, stemmed from the difficulty of distinguishing between diabetes and the 
physiological glycosuria of pregnancy.

Before turning to this glycosuria, which confused early students of diabetes, a 
brief account must be given of a common feature of the diabetes that first appeared 
during pregnancy.

Maternal Age in Diabetic Pregnancy

It was reasoned that diabetes in pregnancy was scarce for the most part “because 
diabetes occurs as a rule at a later period of life than pregnancy usually takes place” 
(Eshner 1907), or “because the disease usually occurs after menopause” (Williams 
1909). Diabetes appearing in later age was already known years before, when 
Lecorché (1885) remarked that in his experience of 114 cases of diabetes in women 
70 of them developed after menses had ceased; and furthermore he described these 
instances—again with a foresight that would not be advanced upon for several gen-
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erations—as having [translating as literally as possible] a static manner, an attenu-
ated form, and a slow course; characteristics of what was later recognized as non-
insulin dependent type 2 diabetes, in distinction to the type that occurs at younger 
ages, which is overt and serious.

Glycosuria

This mixture of diabetes types—predating or occurring during pregnancy—was 
further complicated by questions raised by the phenomenon of glycosuria. It had 
been shown half a century earlier that appreciable amounts of sugar may be found 
in the urine of pregnant women (Blot 1856), but the nature of its presence there was 
uncertain. Various interpretations had been given, some regarding it as indicative 
of mild diabetes or even presaging worse (Williams 1909), a long continued dire 
outlook (Allen 1939; Hoet 1954).

One of the lesser sources of the confusion was just semantics. For example, in 
an article obviously misnamed “glycosuria gravidarum” the symptoms found in 
this supposed condition included polyuria, great thirst, emaciation, vulvar pruri-
tus, maternal mortality of nearly 50%, frequent fetal and neonatal death, as well 
of course as sugar in the urine (Ruoff 1903). This list makes it clear that what had 
been encountered was true diabetes. Nevertheless the author persisted in ignoring 
the significance of his knowing of relatively few pregnancies with such symptoms.

It was understood that there could be no mistaking the diagnosis of diabetes if 
the glycosuria was excessive, accompanied by definite diabetic symptoms, or per-
sisted after delivery. But otherwise glycosuria still presented a puzzle, and despite 
considerable study in the ensuing decades (Eastman 1946) some could still ask at a 
relatively late date “is it diabetic or non-diabetic?” (viz. King, discussion following 
Selman 1932).

On the whole, by the mid-1920s, this uncertainty was dissipating. It had been 
well established that trace amounts of glucose were frequently found in urine during 
uncomplicated pregnancy (Wiener 1924; Crook 1925; Lambie 1926). And it was 
accepted that it occurred most often in the absence of elevated blood glucose levels, 
appeared first during the last trimester of pregnancy, and disappeared abruptly soon 
after delivery. These features were later further substantiated especially by the use 
of chromatographic methods (Rowe et al. 1931; Flynn et al. 1953; Davison and 
Lovedale 1974).

This state has been called nondiabetic mellituria (Marble 1985), a term used as 
early as 100 or more years ago (Stengel 1904) affirming the realization that it was 
asymptomatic and unrelated to the disease diabetes. At present there seem to be 
different opinions about its basis—that it may be due to the markedly increased 
glucose load presented to the kidneys by the increased renal plasma flow that nor-
mally accompanies some pregnancies, or to increased glomerular filtration together 
with impaired tubular reabsorptive capacity for filtered glucose (Cunningham et al. 
1993).
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Diabetogenicity of Pregnancy

There is another kind of spontaneous or physiological glycosuria as well. Late in 
the 19th century it was discovered that glycosuria came about in almost all preg-
nant women upon ingesting a large amount of carbohydrate (Höst 1925). Study of 
this artificial state led to finding that it was preceded by hyperglycemia (Ehrenfest 
1924).

In the light of this finding it can be appreciated that a blood-glucose test devised 
some years earlier was soon adapted to the diabetes question. [The oral glucose 
tolerance test was simultaneously introduced by Hamman and Hirschmann (1917) 
in the US and by Jacobsen (Lundbaek 1962) in Denmark.]

And at a time when difficulty of differentiating glycosuria from diabetes still 
lingered it was found that it could be managed by determining the glucose content 
of blood—whose aid in this diagnosis, it was said in the heartfelt words of another 
age, “conduces to peace of mind” (Joslin 1923). So that not long thereafter it could 
be asserted that the ability to make such estimations had eliminated diagnostic un-
certainty (Walker 1928).

Side by side with the application of this newly devised tool for the diagnosis and 
care of pregnant diabetic women were numerous attempts to characterize and quan-
tify blood glucose level during pregnancy in general. Many such efforts were made 
over the following 20 years or so, but were judged to be “confusing” in their incon-
sistent findings overall and especially in describing variations at particular times 
during pregnancy (Cobley and Lancaster 1955). Many critics found no evidence 
of hyperglycemia in their unselected samples of pregnant women; but did find that 
blood glucose elevation following glucose ingestion was sometimes delayed in re-
turning to the basal level, especially during the last months of pregnancy.

Earlier signs of disturbed carbohydrate metabolism first appearing during preg-
nancy and disappearing after delivery were also interpreted as indicating that preg-
nancy had a diabetogenic effect (Berkeley et al. 1938; see Hagbard 1956 for addi-
tional reports of like observations).

Such findings soon led to questions about carbohydrate metabolism during preg-
nancy. For example Hoet (1954) in reviewing the then current understanding of 
the “disturbances in carbohydrate metabolism” that can appear during pregnancy, 
especially late pregnancy, offered the explanation that pregnancy imposed a “func-
tional burden,” which was further intensified by a diabetic tendency. To this Jackson 
(1961) added the qualified concurrence that there was no evidence that normal preg-
nancy was “diabetogenic,” except temporarily when combined with a situation such 
as prediabetes. This was a twist on his earlier view that increased blood glucose 
level late in pregnancy was a “warning of prediabetes” (Jackson 1952).

A cautionary note was injected into all this by Burt (1960) who suggested that 
the unusual glucose tolerance response noted in some pregnant women may have 
been related to variables introduced by the intestinal absorption of the orally admin-
istered glucose. Nevertheless he believed that pregnancy was diabetogenic, at least 
as expressed by a loss of reactivity to insulin in late pregnancy (Burt 1956), a fact 
well established later (Cousins 1991a).
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The evolution of the disputatious question of the so-called diabetogenicity of 
normal pregnancy was intertwined with the even more contentious one of predia-
betes, which must be returned to briefly. After years of fruitless interpretation of 
records of earlier pregnancies of women who later developed diabetes it became 
clear that the widespread belief that so-called prediabetic pregnancies were prone to 
adverse outcomes was erroneous. But before this became entirely discredited it was 
discovered almost fortuitously that disturbances of carbohydrate metabolism were 
common during normal pregnancy.

In time this disturbance—i.e. mild glucose intolerance—was accepted as “part 
of normal pregnancy” (Freinkel et al. 1985). The question then followed, as these 
authors framed it, “how intolerant does the pregnant women have to become to 
be deemed abnormal?” However this excess blood glucose level is defined—
which was and apparently has remained undecided (West 1975; O’Sullivan 1980; 
Schwartz and Brenner 1982; Naylor 1989)—such an excess labels a women as hav-
ing gestational diabetes.

How common is this gestational diabetes? Depending on the limits assigned to 
normality it was quite limited, with about 1–5% of unselected pregnant women 
found to be hyperglycemic during the last half or third of pregnancy (Sepe et al. 
1985; Cocilovo 1989; Dornhorst and Beard 1993; Pedula et al. 2009).

Blood Glucose Standards

It was known in the 1940s and 1950s that carbohydrate metabolism is frequently 
mildly disturbed during pregnancy—the so-called diabetogenic effect of pregnan-
cy—but it was unclear whether the disturbance was not merely a physiological by-
product of pregnancy itself.

Thus, as noted above, it remained unclear when the entity gestational diabetes 
was first discovered, especially since earlier investigators may not have had the 
same idea in mind as O’Sullivan (1961) had when coining the term. For example, 
Hurwitz and Jensen (1946) called the diabetes that often began during late pregnan-
cy “true diabetes,” though the blood glucose curve in some of their patients returned 
to normal some time after delivery (Hurwitz and Irving 1937).

It was also noted that the elevation in blood glucose that sometimes occurred 
after glucose ingestion was present only 2 h afterward (Hurwitz and Jensen 1946); 
which led to the proposal that high levels be considered diagnostic only if they per-
sisted for 3 h (Hurwitz and Higano 1952). This was an early hint of the complexities 
that would necessitate the establishment of arbitrary criteria for the diagnosis of 
this entity.

[Time and again one finds that older studies have been forgotten and that their 
findings were echoed later as novel revelations. Conspicuous in this respect were 
unknowing or unacknowledged repetitions of many of the findings described just 
above, e.g. by Lind et al. 1991.]

A stab at setting up such diagnostic standards was made by O’Sullivan (1961) in 
the first of his many influential papers. The merit of his approach was that he clearly 
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spelled out what he considered gestational diabetes to consist of, beginning with the 
subtitle of his paper, “Unsuspected, asymptomatic diabetes in pregnancy.” Two cri-
teria for this judgment were specified: first a concentration of blood glucose must be 
present that “removes it from the borderline areas that are subject to disagreement;” 
and second as the term indicated, not only must it arise or first be detected during 
pregnancy, but be “temporary” or “transient,” i.e. disappear when pregnancy ended.

That this sort of diabetes was indeed overwhelmingly transitory was shown 
by a very large proportion of cases reverting to normal soon after delivery (e.g. 
O’Sullivan 1979). Although postpartum remission was considered a sine qua non 
(e.g. Hadden 1979; Hare 1989) it will be seen below what difficulties arose with this 
principle when attempts were made to modify it.

Vagaries of Blood Glucose Level

Since the glucose tolerance test has played so major a role in the story of gestational 
diabetes what it consisted of and what its shortcomings were must be noted. The 
need for a clinical test to evaluate carbohydrate tolerance led about 90 years ago 
to devising such a procedure. Over the years several variations of the test were in-
troduced, most commonly oral and intravenous ones, which vied for acceptability 
despite both being flawed (Moyer and Womack 1950). In time it was the oral test 
that became accepted [see earlier and succeeding conferences on gestational diabe-
tes—Metzger et al. (2007).]

Nevertheless the test was controversial and complicated by a number of uncer-
tainties, namely the procedure itself, the criteria for selecting those to be tested, and 
defining abnormality. Attempts were made to deal with the first, the second though 
paid much attention was unresolved, and the last remained in dispute.

The Procedure and the Subjects

The purpose of the test was to determine how quickly an induced hyperglycemia 
was reversed as a gauge of the presence and degree of a disturbed carbohydrate 
metabolism. It was done by measuring the glucose content of blood first after an 
overnight fast (the fasting or basal level) and then at several intervals after oral 
ingestion of a specified amount of glucose.

Many variables influenced the outcome—the length of the fast, the blood com-
ponent tested, etc. (Schwartz and Brenner 1982; Naylor 1989; Keen 1991; Schmidt 
et al. 1994; Schwartz et al. 1994), with variable impacts on glucose determina-
tion. A standardized procedure for comparison thus became required, leading over 
time to promulgation of newer versions, especially for some of the more important 
variables, e.g. the fasting period (Meinert 1972; American Diabetes Association 
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Workshop-Conference on Gestational Diabetes 1980; Freinkel et al. 1985; Metzger 
et al. 1991, 2007).

[A poignant moment: “pregnant women are apparently considered to be far less 
frail today than they once were when it was found impracticable to make the pa-
tients report fasting from the night before, as many pregnant women cannot starve 
long without feeling faint”—Williams and Willis 1929].

(For the numerous details see Diabetic Pregnancy Study Group of the European 
Association for the Study of Diabetes 1989; Metzger et al. 1991.)

Other significant and less controllable variables concerned the subjects them-
selves and how they were selected for testing. The earliest selection criteria were the 
supposed clinical indicators of potential diabetes, adopted with little modification 
from the expiring concept of prediabetes, with the one addition of a preliminary 
blood glucose test (Wilkerson and Remein 1957).

Since most of the clinical indicators were of little use in identifying individ-
ual pregnant women as at risk for gestational diabetes it was recommended that 
screening be limited to the most indicative one, the preliminary blood glucose test 
(O’Sullivan et al. 1973), and this was widely accepted (Carpenter and Coustan 
1982; American Diabetes Association 1987; Metzger et al. 1991).

The maternal feature consistently affecting glucose tolerance was age, ad-
vance in which was associated with increased frequency of gestational diabetes 
(O’Sullivan et al. 1973), as it was for glucose intolerance generally (Wilkerson and 
O’Sullivan 1963; West et al. 1964; Krall 1965; Davison and Lovedale 1974; Harris 
1988). Although the association was noted frequently (Macafee and Beischer 1974; 
Granat et al. 1979; Marquette et al. 1985; McFarland and Case 1985; Coustan et al. 
1989; Jacobson and Cousins 1989) it was often confounded by coexistent maternal 
obesity (Macafee and Beischer 1974), whose separate impact proved difficult to 
evaluate.

Especially important was the need to give the glucose tolerance test at the time 
during pregnancy that would identify most gestational diabetics. Important because 
the blood glucose level varied over the course of pregnancy, generally increasing 
during the last trimesters (Lind et al. 1973; Merkatz et al. 1980; Jovanovic and Pe-
terson 1985; Benjamin et al. 1986).

Other inherent sources of variability that made identification of those with ab-
errant blood glucose levels problematic were race, ethnicity, geography, and the 
like (Hadden 1985; Sepe et al. 1985; Cocilovo 1989; Jacobson and Cousins 1989; 
Berkowitz et al. 1992), and not least of all emotional factors and other intraindi-
vidual variability (West et al. 1964; McDonald et al. 1965; O’Sullivan and Mahan 
1966; Campbell et al. 1974; Yudkin et al. 1990; Beischer et al. 1991; Dooley et al. 
1991; Harlass et al. 1991; Campbell et al. 1992).

In the end, as O’Sullivan et al. (1973a) confessed, “there is no perfect way of 
screening for chronic disease entities. Economic, pragmatic, and individual factors 
are always the final determinants….” Nor has the question as yet been agreed upon 
of how wide the screening of pregnant women for impaired glucose tolerance or 
gestational diabetes should be, the underlying difficulties seeming to a neutral ob-
server mostly to do with pragmatic considerations (Jarrett 1993).

Blood Glucose Standards



50

The Definition and its Mutations

But the ultimate difficulty was definition. And that was because of the nature of 
the blood glucose value itself, its range in a random sample of individuals in most 
populations consisting of a single unbroken array from low to high (O’Sullivan and 
Mahan 1964; Gaspart 1985; Neilson et al. 1991; Tchobroutsky 1991)—much as 
was true e.g. of blood pressure (Roccella et al. 1987) and other physiological char-
acteristics. And so no point on this curve could be designated as the absolute border 
between the upper limit of normality and the lower one of abnormality.

Thus the diagnosis was unclear for any given person with a blood glucose level 
within the region of this vaguely defined borderland (Stern et al. 1985). As was 
said years ago, while every diabetic has a high prolonged glucose tolerance curve 
not every such curve is indicative of diabetes (Mosenthal and Barry 1950), and the 
same was true of gestational diabetes.

This murkiness meant that the blood glucose level in most supposedly gesta-
tional diabetic women lay at the upper end of its normal distribution (Hadden 1975, 
1979; Lind 1984; Buchanan 1991). A way of dealing with this question was to parti-
tion gestational diabetes into degrees of severity (Beard and Hoet 1982), and seeing 
whether the frequency of any associated fetal morbidity or mortality was similarly 
graded. [For many epidemiological aspects of gestational diabetes see Keen 1991; 
Metzger et al. 2007, among others.]

Soon thereafter, based on evidence of such differences, glucose tolerance re-
sponse was divided into lesser and greater degrees, the former consisting of levels 
that could be restored to normal by dietary means alone and the latter a small mi-
nority requiring in addition insulin (Pedowitz and Shlevin 1964), which was itself 
sometimes subdivided according to degree and insulin need (Dolger et al. 1966; 
Zarowitz and Moltz 1966; Stallone and Ziel 1974; Pedersen 1977, pp. 63 et seq., 
Mestman 1980; Beard and Hoet 1982; Freinkel et al. 1985). Questions later arose 
about the benefits and safety of insulin therapy in mild cases of gestational diabetes 
(Hare 1991; Jarrett 1993).

Still the cardinal feature in the majority of cases was the reversion to normality 
of glucose tolerance in both forms soon after pregnancy ended. This was the earliest 
exercise in dividing gestational diabetes into different forms according to expres-
sion, severity, natural history, and etiology; and in recommending different courses 
of medical and obstetric care for each.

After standing for more than 20 years the basic definition began to undergo 
change. The first sign of discontent dealt with an assortment of terminological 
questions (Hadden 1979). While accepting the two fundamental attributes of the 
condition—onset or recognition during pregnancy and reversion to normality after-
ward—the definition was broadened by allowing the condition to be symptomatic 
as well as nonsymptomatic (Hadden 1979). Which seemed to me to exaggerate the 
importance of the few trivial signs that appeared.

This was a minor alteration compared with the modifications introduced next. 
The summary of American Diabetes Association Workshop-Conference on Gesta-
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tional Diabetes (1980) omitted what had up to then been considered one of the two 
hallmarks of the condition—return to normal of the blood glucose level after partu-
rition. No reason was given for this radical change, but the guess may be hazarded 
that it had a practical basis, namely to obviate the diagnostic quandary that ensued 
from patients very frequently not returning to be seen by physicians after giving 
birth. The Second Workshop (1985) went further and made this explicit by adding 
the phrase “whether or not…the condition persists after pregnancy.” (A participant 
in the meeting told me that the supposition made above was correct: the purpose 
of the addition was to eliminate having to wait till after the delivery to be sure of 
the diagnosis.) The Third Workshop retained this version without further change 
(Metzger et al. 1991). Nor to be overlooked were other down-to-earth reasons: that 
it would eliminate “obfuscating variables” and facilitate “worldwide standardiza-
tion” (Freinkel et al. 1986).

It was inevitable that the upshot of these modifications would be to expand the 
concept of gestational diabetes and thus gather within its folds a heterogeneous as-
sortment of conditions. For example, not surprisingly, very soon after these changes 
were made the inference was drawn that if the condition did not return to normal 
after delivery it probably was of the sort that predated pregnancy (Oats and Beisch-
er 1986). And in fact the conferences had anticipated this step by stating that the 
definition “does not exclude the possibility that the glucose intolerance may have 
antedated the pregnancy.”

Even earlier Lind (1984) had predicted that such loosening of the definition 
would lead in this direction, permitting inclusion of instances of glucose intolerance 
etiologically different from that of the majority. These might consist of forms more 
strictly endogenous and hence more likely to be persistent. Gestational diabetes—if 
little else about it can be agreed upon—is understood typically to be a disorder of 
late gestation (Hare 1989). On the other hand examples of the disorder included 
under the enlarged rubric were those usually first detected early in pregnancy (as 
was noted long ago by Williams 1909), such as mild glucose intolerance predating 
pregnancy, unmasked or precocious type 2 or noninsulin-dependent diabetes, and 
slowly evolving type 1 diabetes (Freinkel et al. 1986; Harris 1988; Buchanan 1991; 
Hare 1994).

It is a wry comment on the sluggish development of ideas about this phenomenon 
that some of the same confusion about terminology, classification, and definition 
that investigators not surprisingly were attempting to sort out 100 years ago seemed 
still to befuddle their latter-day counterparts. It can only be gratifying that the defi-
nitional aggrandizement being promulgated was ignored (e.g. Philipson et al. 1985).

A late American Diabetes Association and World Health Organization defini-
tions of diabetes, which departed from classification based on extent of insulin re-
quirement, recommended a pathogenesis-based one, and continued to insist that the 
definition did not exclude the possibility that the glucose intolerance may antedate 
pregnancy (Wareham and O’Rahilly 1998). The present American Diabetes Associa-
tion statement, as given on the Web, says that “a diagnosis of gestational diabetes 
(during pregnancy) doesn’t mean that you had diabetes before you conceived, or that 
you will have diabetes after giving birth; a continued ambiguous way of putting it”.
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The White Classification

The division of gestational diabetes by severity suggested by Pedowitz and Shlevin 
(1964) was followed by further subgroupings with labels such as classes I and II, 
A1 and A2, A and AB, etc. It was partly such categorization that led to the confusion 
between the mildest degree of gestational diabetes and the category of minimal 
abnormality of carbohydrate metabolism that White (1949) in her system of classi-
fication called class A. What was this system? Its purpose was to grade the severity 
of ostensibly overt diabetes according to its chemical, clinical, and pathological 
features. The mildest degree, called class A, consisted of and was identified by a 
response to the glucose tolerance test that deviated but slightly from normal and 
required no insulin and very little or no dietary regulation for its management.

As originally formulated class A, as did all the more severe grades of White’s 
classification, explicitly postulated the existence of the condition in the nonpreg-
nant state. In this respect therefore class A was clearly distinct from the mild, nons-
ymptomatic condition arising or diagnosed during pregnancy known as gestational 
diabetes. (What brought nonsymptomatic individuals to White’s attention in the 
first place was never clarified.)

White was able to devise and use such a prepregnancy classification because 
she worked in the specialized Joslin diabetes clinic, which was attended by patients 
from very early age and very early in the course of the disease. For example 60.5% 
of the 525 patients seen at the clinic in 1936–1951 had the disease from childhood 
or adolescence and 53% of the females were nulliparous (White 1952). Other in-
vestigators working most often in public maternity hospitals only saw women who 
were already pregnant and might not know their prepregnancy status.

This pre- and intrapregnancy distinction was soon blurred or lost since many 
physicians classified their patients class A even though they may not have known 
whether they had been diagnosed prior to pregnancy. This confusion was encour-
aged by White herself since she soon weakened her definition by omitting the pre-
pregnancy stipulation or stating that the condition could be diagnosed before or dur-
ing pregnancy (White 1952, 1974).

Others failing to recognize the distinction called attention to the increasing fre-
quency of class A among their patients (e.g. Ayromlooi et al. 1977; Corwin 1979; 
Mølsted-Pedersen 1984; Olofsson et al. 1984a), the increase clearly illustrated by 
contrasting the 5% of White’s (1935) patients of childbearing age with onset of 
diabetes during pregnancy with Gabbe’s (1986) finding that “gestational diabetes…
constitutes 90% of all diabetes in pregnancy….” The upshot was a continuing in-
crease in the proportion of pregnant diabetic women who were put in class A; a 
trend much more prevalent in America than in more conservative Europe.

The blurring of class A and gestational diabetes is unfortunate. In my opinion the 
distinction was not merely an academic one, because although sharing secondary 
metabolic features the differences between the two were meaningful. Thus gesta-
tional diabetes was a response to the pregnant state regardless of what it may or 
may not have presaged, whereas class A diabetes was presumably endogenous and 
independent of pregnancy.
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To get out of this sometimes semantic thicket Pedersen (1977, pp. 61, 64) sug-
gested that the term class A be considered a comprehensive one, subsuming all 
“diabetes of such a mild degree that treatment with insulin was not felt necessary,” 
and thus comprised cases diagnosed before as well as during pregnancy. Even with 
this there was disagreement. Hadden (1979) in his explication of the classification 
of asymptomatic pregnancy in diabetes averred that White’s class A was not identi-
cal with asymptomatic diabetic pregnancy, but did not clearly explain his demurral.

The class A designation has outlived its usefulness. The White system as a whole 
right from the beginning was felt to be confusing and difficult to apply (Pedersen 
1954a; Jones 1956). Because the term gestational diabetes was taken to be equiva-
lent to and used interchangeably with class A (e.g. Gabbe et al. 1977; Mølsted-
Pedersen 1984) the former less equivocal expression has largely displaced the latter.

A recent proposal returning it to its original signification may still rescue it. Hare 
(1989) to ease the confusion categorized class A separately from gestational diabe-
tes, stipulating that it should refer to diet-managed diabetes of pregestational onset. 
But then Hare (1994) expressed the opinion that the separate categorization of ges-
tational and pregestational diabetes “diminished the utility of class A,” based on the 
fact that since 1980 no class A patient had been seen at the Joslin clinic—because 
women with pregestational diabetes invariably needed insulin during pregnancy. As 
for the White scheme generally it too may still be clinically useful e.g. for alerting 
physicians to the possibility of hypertensive complications and the need for preterm 
delivery (Greene et al. 1989).

Pregnancy Outcome

The final matter in this chapter, to the arrival of which it has been inexorably lead-
ing, deals with the belief—once almost intuitive—that elevated blood glucose lev-
els indicative of gestational diabetes must threaten harm to the conceptus. Initially 
the most serious of these perceived risks was perinatal death, but this faded away as 
their prevalence progressively abated (Kalter 1991).

Congenital malformation, also said to result from gestational diabetes, was in-
validated from the start. Its story was nevertheless instructive and is detailed below. 
Other conditions, fetal overgrowth and neonatal hypoglycemia, still frequently oc-
curring despite their satisfactory management (Metzger et al. 1991), are subjects 
not relevant here (except perhaps cardiomegaly) and are discussed elsewhere in this 
work.

As for spontaneous abortion, it was never seriously claimed to be associated with 
gestational diabetes, because it was soon realized that this form of diabetes occurred 
predominantly in the later months of pregnancy, beyond the time it could be respon-
sible for embryonic loss. A possible exception was class A diabetes, which having a 
pregestational onset could affect early stages of pregnancy. But it was clearly estab-
lished that neither was associated with a frequency of spontaneous abortion beyond 
that expected (Kalter 1987).
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The prevailing belief that prediabetes was associated with increased perinatal 
death and congenitally malformed offspring was unhesitatingly transferred to the 
newly conceived and poorly defined gestational diabetes (Dandrow and O’Sullivan 
1966). It must be recognized that these questions were complicated, first by the 
diagnostic and terminological variations that were applied over the years to the 
phenomenon of disturbed carbohydrate metabolism associated with pregnancy; and 
second by the ubiquitous socioeconomic, demographic, etc. variables often inextri-
cably raveled together with perinatal death and abnormalities of prenatal develop-
ment (Leck 1972; Chung and Myrianthopoulos 1975a; Saxén 1983; Bakketeig et al. 
1984; Kiely 1991).

Even before the term gestational diabetes was invented and interest in the new 
phenomenon had grown, increased perinatal death was noted in big babies of glu-
cose tolerance-tested women; but without evidence of a relation to abnormal ma-
ternal metabolism (Hosemann 1950; Nathanson 1950; Saugstad 1981; Wilcox and 
Russell 1983). Hoet (1954) even quantified it, saying that “the fetal loss rate pro-
gresses from 20 to 50 percent in proportion to the increasing severity of the disor-
dered glucose metabolism.”

Routine study had identified many occurrences of diabetes with onset during 
pregnancy (Hagbard and Svanborg 1960). About half had “transitory” symptoms, 
i.e. metabolic abnormalities that disappeared after delivery and nursing, while in the 
remainder, called “permanent,” the symptoms persisted and insulin was required. 
Perinatal death was only noted in passing—the overall frequency was about 41% 
and little different in the transitory and permanent forms. Although it did not go 
this far, an early summary of the then sparse class A data confirmed that impression 
(Kyle 1963).

Surveys of American and European hospital births in the 1950s noted that peri-
natal death in pregnancies with intragestational onset of diabetes was significantly 
more frequent than occurred overall, but less than in the births of overtly diabetic 
women (Kalter 1991).

Substantial improvement in the perinatal death rate in gestational diabetic preg-
nancy began as early as the 1960s, and soon approached the background level. Its 
full extent was obscured by underreporting, from which it would appear that these 
deaths had become of so little concern that their absence or scarcity was not thought 
important enough to record (e.g. Bacigalupo et al. 1984; Algert et al. 1985; Widness 
et al. 1985; Kitzmiller et al. 1988; Pastor et al. 1988; Mazze and Krogh 1992; Hod 
et al. 1996).

What was the reason for this gratifying achievement? Was it, as Beard and 
Hoet (1982) and many others thought, because of normalization of blood glucose? 
This is not the impression gotten from the results of a study that found no signifi-
cant difference in perinatal death between untreated and insulin-treated gestation-
ally diabetic women; which led to the conclusion that hyperglycemia was not the 
factor responsible for the increased fetal loss in gestational diabetic pregnancy 
(O’Sullivan et al. 1974a, b). On the other hand perinatal death was scarcer in 
insulin treated pregnancies than in previously untreated ones of the same women, 
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an example perhaps of a risky comparison with a noncontemporaneous control 
(Roversi et al. 1975).

Later analyses of untreated and insulin-treated women with glucose intolerance 
examining the possible benefits of therapy on macrosomia and other persistent un-
desirable pregnancy outcomes came too late to do the same for perinatal death, 
since its overall rate had by then become so low (Coustan and Lewis 1978; Kalkhoff 
1985; Lurie et al. 1992).

A more probable explanation of the temporal decrease is simply that gestation-
al diabetic women shared in the steadily falling perinatal death rate that pregnant 
women in general came to enjoy throughout the western world, a view shared by 
Hadden (1980) and others.

Did Gestational Diabetes Ever Cause Them?

Just as failure to record perinatal death in gestational diabetes may have led to un-
derestimate its frequency later, so it may be that an unsuspected type of selection 
led to its overestimate earlier.

Older studies of gestational diabetes finding increased perinatal death rate often 
had as its subjects pregnant women with various risk criteria. Features that had orig-
inally been discovered retrospectively through their association with pregnancies 
anteceding the development of diabetes—in the so-called prediabetic period—and 
were thus thought to foreshadow its development.

Even after the prediabetes concept was repudiated and these features as presages 
of the overt disease had become doubtful, they nevertheless were thought to identify 
women who were candidates for developing diabetes (“potential diabetes,” as it was 
called by Hadden and Harley 1967), and long afterwards continued to be used to 
select pregnant women for glucose-tolerance testing.

Ironically these supposed foretellers of diabetes were some of the same features 
that were linked to increased perinatal death in the general population, some as 
much so today as in the past: maternal age, multiparity, and obesity, repeated still-
birth and neonatal death, and fetal macrosomia (Nathanson 1950; Stevenson et al. 
1982 Boyd et al. 1983; Bakketeig et al. 1984; Hansen 1986; Kitzmiller 1986; Cous-
ins 1987; Naeye 1990). And it is just these features that were excessively present 
in gestational diabetes, and may have contributed to the excessive perinatal death 
apparently characterizing it. Additionally complicating the situation, certain fea-
tures—maternal obesity, large babies, abnormal glucose tolerance—were associ-
ated with one another (Lund and Weese 1953), as were maternal age and obesity 
correlated with glucose intolerance (Wilkerson and O’Sullivan 1963; Gillmer et al. 
1980; Spellacy et al. 1985).

But the possible consequences of these intertwined features on perinatal death 
were rarely taken into consideration; and to top it all, the studies rarely included a 
control.
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One group of investigators that did examine them found that maternal weight and 
age were of undeniable influence (Dandrow and O’Sullivan 1966; O’Sullivan et al. 
1966, 1973). The findings were suggestive, but how, at that late date, could such 
suspicions be tested? Perhaps some circumstantial or even negative bits of evidence 
might have been useful in this regard. One possibility would have been to compare 
the pregnancy outcomes of women found to be gestationally diabetic following 
selection for the supposed risk criteria with those of women of the White class A 
designation discovered through an overall diabetes program. The former would be 
expected to be older, heavier, etc. than the latter, and to have experienced more 
detrimental outcomes. There is no way of proving this supposition however, since 
such features with regard to class A women were rarely if ever recorded. It happens 
though that the frequencies of perinatal death in pregnancies of these groups of 
women in the 1950s and 1960s in America hardly differed (4.2% vs 4.5%), so noth-
ing can be proved one way or another by such comparisons.

Control data, scarce though they were, might have been helpful. During the ear-
lier years of the study of this condition hardly any, appropriate or otherwise, were 
obtained, and this was little improved over time. Without the critical appraisal en-
abled by well chosen control material a spurious or overblown relation would go 
unchallenged. This is especially so because of the close correlation among most of 
the confounding variables associated with perinatal death. It is especially regret-
table that this question was not raised during the years when the considerable mor-
tality frequency prevailed that may have yielded helpful clues.

Fortunately among the reports of diabetes with onset during pregnancy made 
in the last 50 years or so that considered perinatal death a handful were identified 
that included control (i.e. nondiabetic) subjects of some sort. They showed that the 
frequency of perinatal death in the group supposedly at risk was not greater than in 
the controls. If these studies were representative it may be argued that gestational 
diabetes never significantly augmented the background level of perinatal death, and 
that concern with this purported outcome was largely misdirected.

A case might still have been made for this untoward outcome if, as Ales and San-
tini (1989) remarked, insulin could be shown to have had a rescuing effect, which 
again would have been most apparent in the earlier years. But this door, too, was 
shut by the lack of evidence of perinatal death being different in insulin-treated and 
untreated gestationally diabetic pregnancies.

Gestational Diabetes and Congenital Malformation

An early study of this likelihood surveyed births to gestationally diabetic women 
(called class A) in Copenhagen in 1926–1965 and found three of 62 congenitally 
malformed (Mølsted-Pedersen et al. 1964). The abnormalities were not named, nor 
were they included in a detailed list I obtained soon after the article was published.

Obviously it was lack of such details in most writings that complicated the task 
of analyzing whether congenital malformations were associated with the maternal 
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condition. The greatest difficulty was the practice of merely stating the number 
malformed without naming the defects, making it impossible to determine their 
admissibility as abnormalities considered medically serious, those known as major 
congenital malformations. A total of 83 articles from 1964–1994 was identified that 
contain information regarding the occurrence of congenital malformations in gesta-
tional diabetes (see Kalter 1998 for a summarization).

The nine that appeared in the 1960s may be taken as illustration. In these 11.4% 
named and unnamed malformations were noted, a greater frequency than the ap-
proximately 3% of major congenital malformations usually found in well-examined 
newborn children (Kalter and Warkany 1983). Allowing only the ones clearly called 
major malformations reduced the frequency to the usual background level. The mal-
formations in perinatal death, presenting no such uncertainties, yielded a frequency 
not significantly different from that in overall perinatal mortalities in that period 
(Kalter 1991). The frequency in later years continued at about the background level 
(Sheffied et al. 2002).

Thus the recorded data of over 30 years of almost 9000 offspring of gestational 
diabetic pregnancies clearly revealed that this form of diabetes did not cause an 
excess of major congenital malformations. Indeed, if these frequencies are unusual 
in any way it is that they were on the low side, ranging, in articles in which the 
malformations were all named, from 1.3 to 2.1%, which probably indicated that the 
offspring were as a rule not well examined (Kalter 1998). The exceptions, again, 
were the generally more closely examined perinatal mortalities, whose malforma-
tion frequency was about 26 to 33%, closely matching that found in contemporary 
overall mortalities (Kalter 1991), again supporting the nonassociation with the ma-
ternal illness.

I conclude this section with a word about a study that claimed to find a threefold 
frequency of renal malformations in diabetic women, including those with gesta-
tional and type 1 and type 2 diabetes, without discriminting between them, and so 
was a totally useless effort especially egregious at this late date (Davis et al. 2010),

Carbohydrate Metabolism and Pregnancy Outcome

Concern with the risk of adverse outcomes in gestationally diabetic pregnancy will 
now be reversed and consideration given to impaired carbohydrate metabolism in 
pregnancies with these outcomes. Since such metabolic disturbances during preg-
nancy were considered harbingers of the development of overt diabetes the discus-
sion can be taken as related to the similar one devoted to prediabetes.

It was often found, in the days when the original formulation of the concept of 
prediabetes was extant, that perinatal death was excessive in previous pregnancies 
of women who in their then current pregnancies were judged to be gestationally 
diabetic. But it was ignored that in many cases one of the criteria by which the 
women were selected for glucose tolerance testing was that they had unexplained 
stillbirths.
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In the latter days of this concept, and even after its demise, an increased fre-
quency of abnormal glucose tolerance was noted in women whose past pregnan-
cies had ended with offspring death. Some deaths had even occurred many years 
previously and the glucose testing usually done long afterward (e.g. Salzberger and 
Liban 1975; Sutherland and Fisher 1982). A similar pattern was noted for women 
delivering congenitally malformed children (Navarrete et al. 1967; López-Quijada 
and Carrion 1974; Goldman 1976). Only later was it objected that “retrospective 
analyses of data collected in this way with the object of identifying any association 
between gestational diabetes and reproductive failure is a temptation to be resisted” 
(Farmer and Russell 1984) except perhaps when combined with matched controls 
(Maresh et al. 1989).

It was also noted that congenital malformations were more frequent in offspring 
of women with elevated blood glucose levels (Farmer et al. 1988). This was not 
restricted to the diabetic end of the distribution, implying that abnormal blood glu-
cose was a common factor in the etiology of malformations generally. But other 
studies of this sort yielded no such finding (Weiner 1988; Little et al. 1990; Berkus 
and Langer 1993); nor were perinatal mortalities or congenital malformations as-
sociated with blood glucose level in nondiabetic pregnant women, in studies made 
to examine the usefulness and practicality of universal glucose tolerance testing 
(Abell and Beischer 1975; Jacobson and Cousins 1989). And with this another set 
of ideas bit the dust.

That a recent thorough coverage—as its title indicated—of the consequences to 
mother and child, of gestational diabetes, devoted not one word to the subject of 
congenital malformations, must mean that it had been conceded that this form of 
diabetes was not teratogenic (Kaaja and Rönnemaa 2008).

Finale

This topic must end by asking—as has been done more or less explicitly during the 
last 20–30 years—whether there was in reality a clinical entity gestational diabetes 
at all (Jarrett 1981, 1993; Beard and Hoet 1982; Drury 1989), and if it did exist 
whether it had any of the unfavorable pregnancy outcomes laid at its feet. At its 
most elemental the argument for there being no such entity held that glucose intol-
erance first discovered during pregnancy was not a unique phenomenon but was 
no more than a temporary disturbance of glucose metabolism associated with preg-
nancy—regardless of whether or not it foretold a noninsulin dependent diabetes.

If this was so can it be that the imputed undesirable effects of gestational dia-
betes were largely attributable to confounding factors, just as maternal obesity and 
age were implicated in garden variety impaired glucose tolerance? The points in 
defense of this possibility were succinctly set forth by Jarrett (1993); but the final 
word may have been spoken by Harris (1988) who argued that impaired glucose 
tolerance was no more common in pregnant than in nonpregnant women.
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Now let’s now turn to the real thing: diabetes present during pregnancy. This takes 
three forms. One, gestational diabetes, already mentioned, can be further disregard-
ed. The second, which was and continues to be the main concern of the patient, 
physician, and investigator, is the insulin dependent variety, called type 1, which 
will be returned to below.

The third, known as type 2, differs from type 1 in being noninsulin dependent, 
usually having a mean onset age considerably greater than that of type 1, is often 
associated wih obesity, occurs excessively in minority ethnic and racial groups, 
designated indigenous peoples, and most significantly has greatly increased in fre-
quency in recent years (Naqshbandi et al. 2008).

References to this form were mentioned here and there above. In recent years, 
especially since the advent of the present century, type 2 diabetes for no clearly 
understood reason seems to have leaped in frequency, often far exceeding that of 
type 1 diabetes. This has been widespread, happening throughout the world, e.g. 
Amsterdam, Toronto, New Zealand, Great Britain, and elsewhere (Dabelea et al. 
1998; Weijers et al. 1998; Feig and Palda 2002; Holu et al. 2004; Pavkov et al. 2007; 
Anon. 2009). And, as of old, in the American Indian group the subject here.

It is well to note again the cardinal difference between the two pregestational 
forms: type 1 is insulin dependent and juvenile in onset; whereas type 2 has varied 
and heterogeneous features. It is usually noninsulin dependent, is mostly of ma-
turity or adult onset, or was so at least until recently, frequently has an “insidious 
or asymptomatic onset” thus becoming “manifest over a longer period,” is often 
obesity related, and occurs disproportionately in minority groups and native peoples 
(Kirk et al. 1985; National Diabetes Data Group 1979; World Health Organization 
1985; Dyck et al. 2010).

Especially, “what is clear is that the rapid appearance of type 2 diabetes par-
ticularly among…indigenous and developing populations has been precipitated by 
environmental rather than genetic factors,” in essence changes in lifestyle, namely 
obesity and sedentariness (Tuomilehto et al. 2001b; McDermott et al. 2010); fea-
tures supported by “parallel epidemics of obesity and type 2 diabetes….” (McIntyre 
et al. 2009).
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Type 2 Diabetes in Pima Indians

Long before this it was noted that the Pima Indians of the Gila River Indian Com-
munity in southern Arizona had at the time the highest known prevalence of non-
insulin dependent diabetes in the world (Knowler et al. 1978, 1983). This people 
were long the best studied of the ethnic and racial groups in which impaired glucose 
tolerance greatly exceeded the usual 1–5% and in whom the level of noninsulin 
dependent diabetes was often excessive.

The first striking feature of this “biologically unusual” people (Hadden 1986) 
was that contrary to the usual unimodal, fairly symmetrical frequency distribution 
of glucose tolerance levels, in them the distribution was distinctly bimodal, the 
right-hand curve consisting of values at ages 35 years and above (Rushforth et al. 
1971). Also the disease often had a relatively early onset (Knowler et al. 1978), so 
that abnormalities of glucose tolerance often occurred in pregnant women (Comess 
et al. 1969). Because of this and because the effects of the condition upon pregnancy 
outcome were unusual, the findings in the Pima Indians are described in detail.

In 1965–1967 all 237 nonpregnant parous Pima women 25–44 years of age 
were glucose tolerance tested and found to consist of those who were nondiabet-
ic (< 140 mg/dL plasma glucose), indeterminate (140–159 mg/dL), and diabetic 
(≥ 160 mg/dL), and to the last group were added 10 previously well-documented 
diabetic women. The indeterminates were not further considered. Medical records 
were available for the 1207 prior pregnancies of the diabetic and nondiabetic wom-
en exceeding 20 weeks of gestation. Children of the diabetics born before being 
diagnosed were considered offspring of prediabetic pregnancies and those born af-
terward offspring of diabetic pregnancies (Comess et al. 1969; Bennett et al. 1979; 
Pettitt et al. 1980, 1985).

Perinatal death, a subject uppermost in the minds of many investigators in those 
years, was at first barely alluded to. Aside from the remark that the births included 
stillbirths and that some of them occurred in the diabetic pregnancies this subject 
too was not further mentioned. Only in the second report, which appeared 10 years 
later, were a few more details imparted, rather perfunctorily however (Bennett et al. 
1979). It was reported that in 1960–1965 the perinatal death rate was 25% in the di-
abetic pregnancies, decreasing to 7% in 1970–1975. The possible causes and mean-
ing of this decrease were left unconsidered, except for a statement that implied that 
no difference in management of the diabetes had been instituted that could account 
for the improvement. The rate in the nondiabetics in these two spans of years was 
not stated. Concurrently pregnant women were glucose tolerance tested, mostly in 
the 3rd trimester, with a perinatal death of 2.6% in those with blood glucose levels 
of ≥ 140 mg/dL (Pettitt et al. 1985), indicating that it was not unusual.

Congenital malformation was the focus of the earlier reports, to which the mat-
ter of mortality was subordinated. It was originally found that the malformation 
frequency in the offspring of the diabetic pregnancies was about eight times that 
in those of nondiabetic and prediabetic ones, although the results presented in the 
second report modified this to about three times; thus indicating that the form of 
diabetes prevalent in this small population appeared to be teratogenic.

8 Pregestational Diabetes Type 2



61

My analyis of these data conflicted with this conclusion. A striking fact con-
cerned the relation of the malformation frequency to maternal age at diabetes onset. 
Of the total of 13 abnormal children born to the diabetic women nine were among 
the 42 whose mothers were in the younger onset age group, 15–24 years, while 
the other four were among the 72 children of the older onset group, a statistically 
significant difference.

Complementing this, 10 of the abnormal children occurred in the 46 births of the 
insulin-treated women and the remaining three in the 68 receiving oral glycemic 
drugs or no treatment, also a significant difference. Thus it is clear that the congeni-
tal malformations occurred almost exclusively in the children of a “small subpopu-
lation” (Comess et al. 1969) of diabetic women whose disease had an early onset 
and in whom it was severe enough to require insulin; a severity also evidenced by 
the fact that in many of them vascular complications developed during their child-
bearing years. Thus although childhood diabetes was apparently rare in these people 
(Bennett et al. 1979), what was probably a precocious and severe form of insulin 
dependent diabetes was quite prevalent, and this it seems had the same harmful 
effects on pregnancy outcome as had been reported for pregestational diabetes in 
other populations.

There is more however. Most of the detailed results were reported in the ini-
tial publication, where it was noted that the nondiabetic, prediabetic, and diabetic 
women had all together 53 malformed children and that over half of the malforma-
tions had been discovered postneonatally. But not stated was the number of the 
malformed children in each of the three groups diagnosed before leaving the hos-
pital and how many after the neonatal period; crucial facts, as has been emphasized 
repeatedly here.

It is to be emphasized that comparison and judgment of frequencies of mal-
formations must be limited to those discovered in the first days of life, and those 
appearing or discovered in later infancy and childhood are to be discounted for 
this purpose. The reasons for this are outlined in a later chapter. But, since the mal-
formations discovered in the newborn period were not identified, and because the 
congenital nature of some of the abnormalities is uncertain, it must be questioned 
whether the offspring had an excess frequency of them.

Finally, attention must be directed to a misinterpreted malformation. One child 
of a diabetic pregnancy was diagnosed as having a “pattern of anomalies consistent 
with the sacrococcygeal syndrome reported to be associated with diabetic preg-
nancies.” Yet the table listing the anomalies mentioned no vertebral malformation. 
Mentioned however were malformed femora, which apparently were equated with 
sacral dysplasia—in doing which the authors may be forgiven, since they were 
merely following the lead of a contemporary publication that made the same mis-
take (Passarge and Lenz 1966), as a recent analysis made evident (Kalter 1993), and 
as will be further explored below.

The diabetes in Pima Indians of this locality was abundantly studied in later 
years, but that of congenital malformations and other pregnancy outcomes had not 
advanced beyond where it left off decades earlier (e.g. Ravussin 1993; Franks et al. 
2006; Pavkov et al. 2007, 2008).
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Type 2 Diabetes in other Groups

A bimodal blood glucose concentration was also reported in several other noncau-
casian ethnic and racial groups (Rosenthal et al. 1985; Dowse et al. 1994), and in 
some along with a high frequency of noninsulin dependent diabetes during pregnan-
cy (Sicree et al. 1986; Doery et al. 1989; Benjamin et al. 1993; Murphy et al. 1993). 
Retrospective surveys revealed increased stillbirth rates in some groups (Balkau 
et al. 1985; Sicree et al. 1986), with the usual difficulties of interpretation; while no 
untoward or equivocal pregnancy outcome was noted in others with high levels of 
diabetes during pregnancy (Forsbach et al. 1988; Contreras-Soto et al. 1991; Hol-
lingsworth et al. 1991).

Of interest were the pregnancy outcomes in the diabetic women in these popula-
tions, in whom the disease may have reflected the premature appearance of a severe 
expression of type 2 diabetes. Even the relatively sparse information available gave 
the impression that in the past women with the condition experienced an excess of 
stillbirth and neonatal death, though it would be difficult to prove the supposition 
(e.g. Contreras-Soto et al. 1991). Not so it seems more recently, where in a large 
Yorkshire district hospital in 1994–2002 Asian women with pregestational diabetes 
had an increased rate of perinatal death and undescribed malformation, the latter 
2.6% in those on insulin before pregnancy and 0.3% in those not, obviously not a 
serious problem (Verheijen et al. 2006).

Type 2 and Gestational Diabetes

Before taking a look at the recent examples of type 2 diabetes its supposed connec-
tion to gestational diabetes should be considered, a connection discussed several 
times in preceding pages. The question was whether the latter presaged the former, 
as was recently presumed (Reece 2010). What is clear is that, as was succinctly ex-
pressed, there are “parallel epidemics of obesity and type 2 diabetes….” (McIntyre 
et al. 2009). That is, obesity is a significant feature of both, but whether that is suf-
ficient to make them associated is problematic.

It has almost become a given however that that is so. In some reports outcomes 
of type 2 and gestational diabetes were so intertwined that the former was consid-
ered to include the latter as premonitory of it; so much were they unhesitatingly 
conflated that interpretation of pregnancy outcome had become impossible (Cundy 
et al. 2000; Schaefer-Graf et al. 2000).

There was a rash in recent years of literary excavations examining the purported 
association, as though a new fashion had appeared. Systematic reviews looked into 
the question by examining the factors in prior gestational diabetes that were associ-
ated with the risk for developing type 2 diabetes (Dornhorst and Rossi 1998); the 
conclusion being that the conversion of the one into the other varied with the length 
and diligence of the follow up (Kim et al. 2002; Bellamy et al. 2009), the tacit as-
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sumption in all this being, to quote an ancient source, post hoc ergo propter hoc. 
Others have followed the same trodden path (e.g. Baptiste-Roberts et al. 2009; Case 
et al. 2009; England et al. 2009; Simmons 2009; Langer 2010). We shall see where 
the trail led, if anywhere.

Type 2 Diabetes in Recent Years

Let’s first repeat, type 2 diabetes is a noninsulin dependent form of the disease, and 
until recently was mostly of later adult onset. Also it is far more prevalent at pres-
ent than it once was, due it is believed to an epidemic of overweight. It would seem 
therefore, that largely having an environmental basis, it should be largely prevent-
able. But there is some intrinsic basis for the disease as well, since as seen it occurs 
more often in some segments of the population than in others, though this was not 
always explicit.

For example, in an early report from a Los Angeles hospital, offspring of women 
of undesignated ethnicity with pregestational noninsulin-dependent diabetes had an 
increased frequency of major and minor congenital malformations, which not being 
named prevented determining its validity (Towner et al. 1995).

As noted, in recent years type 2 diabetes in pregnancy has unaccountably in-
creased in frequency, especially since the beginning of the new century, calling for 
an evaluation or reevaluation of its effects on the unborn.

Again, while increasing in prevalence overall it is apparently doing so far more 
in some groups than in others. For example in Birminghham in 1990–1998 while 
in whites 8.5% of pregestational pregnancies were type 2, in Indo-Asian groups 
it was 67.6% (Dunne et al. 2000). A differential seen in other areas of Europe as 
well (Vangen et al. 2003; Clausen et al. 2005). This disproportion has not always 
prevailed, as noted below.

The question here is whether the frequency of congenital malformations was 
increased in offspring of women with this form of diabetes.

This was found to be so in pregestational diabetic pregnancies in 1985–2000 
in Auckland, New Zealand, the majority of which were type 2 (most peculiarly, 
without explanation, almost all were treated with insulin during pregnancy), and 
occurred predominantly in Maori and Pacific Island peoples, in distinction to the 
type 1 population which were mostly European (Farrell et al. 2002). The frequency 
of major congenital malformations was 4.4%, but except for half of the defects be-
ing cardiac none was named. A vital piece of information, the number of malformed 
perinatal deaths, was not stated. [An incidental notation in an earlier publication, 
regarding perinatal death in type 2 pregnancies in 1985–1997, mentioned that con-
genital malformations accounted for “only” 10% of the perinatal mortalities (Cundy 
et al. 2000).] With no discernable justification gestational diabetes was considered 
to include a subgroup of unrecognized type 2 diabetes, the reason being that newly 
recognized “they must have” been of that form.
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A study of women with type 2 diabetes in 1990–2002 in a West Midlands Eng-
lish area also concluded that malformations were increased (Dunne et al. 2003). In 
itself unusual, three-quarters of the diabetic women were non-Caucasian, over 90% 
receiving insulin during pregnancy (once more, difficult to understand of a form 
of the illness ordinarily said not to require insulin). The outcomes however were 
presented in toto, not by ethnicity. Spontaneous abortion was 8.8%, not excessive; 
and perinatal death 4.3%. Information regarding congenital malformations was in-
complete, but indicated an increased rate, being 9.9% in all births (the fraction in 
perinatal death was unstated), 44% of them cardiovascular, some number in perina-
tal death; others not named, leaving a big question mark. The ultimate question, the 
individual finding in survivors and nonsurvivors, thus was left unanswered.

Others contested such findings. In type 2 diabetics in Copenhagen in 1996–2001 
perinatal death and congenital malformations were not significantly more frequent 
than in the background population (Clausen et al. 2005). In a nationwide prospec-
tive survey in 1986–1988 of noninsulin dependent pregestational diabetic women 
in several parts of France the spontaneous abortion, perinatal death, and congenital 
malformation frequencies were unexceptional (Anon. 1991). The overview con-
tinued in 2000–2001, with not unusual frequencies of perinatal death, 4.1%, and 
unnamed major congenital malformations, 3.4% (Boulot et al. 2003), the latter 
throwing into doubt the assertion of a relation of elevated glycemic status and mal-
formation frequency.

Type 2 pregnancies in maternity units in East Anglia in 1999–2004 had a higher 
frequency of presumably major malformations than type 1 (12.3% vs 4.4%) as well 
as of perinatal deaths (6.2% vs 2.8%); the credibility of all this dependent on the de-
tails, of which there was a total absence (Roland et al. 2005). One possibly relevant 
detail was the ethnic difference between women with type 1 and type 2 diabetes: 
96% of the former Caucasian, only 58% of the latter were so desgnated. How this 
may have been related to the malformations was not considered.

Details were sparse in a report of a small number of type 2 diabetic pregnancies 
in Nice, France in 1999–2002 (Hiéronimus et al. 2004). No sense could be made of 
the fetal outcome, since only the combined percent of major and minor congenital 
malformations was reported, with no indication of occurrence in perinatal death.

Type 2 diabetic women in the Netherlands in 1992–2006 were 52% white and 
44% non-Dutch, Moroccan and Asian (de Valk et al. 2006). The spontaneous abor-
tion rate was not unusual, 13.6%, perinatal death was within expected bounds, 
major malformations occurred in 3.5%, again not unusual (a sacral teratoma con-
sidered a major defect by the authors was disregarded by me; see Warkany 1971, 
pp. 1239–1247).

Type 2 pregnancies in 2002–2003 in England, Wales, and Northern Ireland were 
about one quarter of all diabetic pregnancies, with black, Asian, and other minority 
groups predominating (Macintosh et al. 2006). Congenital malformations called 
major were seen in 4.3% of births, almost half of them cardiovascular and neural 
tube, others unacceptable or of uncertain seriousness. Individual frequency in survi-
vors and mortalities was not noted, precluding analysis. Also many anomalies were 
diagnosed prenatally, but whether electively aborted was not stated.
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A study of type 2 diabetic pregnancies in Norway in 1988–1998 was also nega-
tive (Vangen et al. 2003). Of all births during this period 1.8% were of immigrants 
from North Africa and South Asia, whose outcomes being similar were combined, 
with perinatal death and congenital malformations not significantly associated; and 
this was so despite an elevated glycemic level in early pregnancy in the majority of 
the women.

As these publications have shown, and as an editorial pointed out (Reece and 
Homko 2005), inconsistencies have been common. The very definition of type 2 
diabetes seemed to be unclear, the recent occurrence of the disease at younger ages 
in itself challenged the notion that it follows gestational diabetes rather than pre-
cedes it. The entire concept needs to be rethought.
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We turn now to the form of diabetes that is the main concern of the patient and 
physician, insulin dependent diabetes of pregestational origin—and to the clas-
sifications of diabetes especially devised for diabetes in pregnancy (White 1949, 
1965, 1974, 1978; Pedersen and Mølsted-Pedersen 1965; Brudenell 1975). Their 
main purpose was to attempt to predict fetal hazard, particularly mortality, which 
being foretold would alert caretakers to institute special management procedures. 
Other purposes were to afford understanding of the connection between the mater-
nal disease and fetal risk, to allow geographic and temporal comparisons of patient 
samples, treatment regimens, pregnancy outcomes, etc.

Several schemes were devised. One, used for a time in parts of Great Britain, 
comprised a simple division—gestational diabetes and established diabetes, i.e. 
diabetes already present before pregnancy (Brudenell 1975). Another sought to 
make individualized prognoses of fetal outcome by identifying possible danger 
signs appearing during pregnancy. Its purpose was to predict and perhaps avert 
adverse outcomes of pregnancy by recognizing what were named “prognostically 
bad signs occurring during pregnancy” such as pyelitis, acidosis, and toxemia, 
as well as “neglecting” women (Pedersen and Mølsted-Pedersen 1965; Pedersen 
1977).

Its appropriateness was supported by the three- to fourfold increased perinatal 
death rate in the infants of women with such signs. Its value was even greater when 
combined with the White system; the one relying on features preceding pregnancy 
and the other on those occurring during pregnancy. A major inadequacy was that it 
did not provide a graded estimate of risk, all the signs seeming to be about equal in 
indicating deleteriousness (Pedersen and Mølsted-Pedersen 1965). Perhaps for this 
reason, aside from some Danish and other centers, and that not for too long, it did 
not find continued favor.

By far the most widely used classification was that dividing diabetes existing be-
fore pregnancy into classes of increasing seriousness, according to several criteria 
(White 1949).

H. Kalter, A History of Diabetes in Pregnancy, 
DOI 10.1007/978-94-007-1557-8_9, © Springer Science+Business Media B.V. 2012

Chapter 9
Pregestational Diabetes Type 1



68

White Classification

By 1949, when White introduced her scheme for evaluating maternal and espe-
cially fetal risk factors in diabetic pregnancy, study of the causes of its persistently 
high perinatal death rate—little changed over the 27 years since the discovery of 
insulin—had yielded little understanding of its basis and only vague insight into its 
prevention. Noting that age of onset of the disease, its duration, and the presence of 
certain pathological maternal characteristics were often correlated with fetal death, 
White integrated these features into a classification of seriousness of the disease—a 
brave attempt to give some order to the struggle of dealing with a major problem.

Strangely the system was first applied, not to gauge its relation to fetal death, but 
to indicate the doses of sex hormones to be used therapeutically. This oddity was 
partly remedied not long after, when a continuous decline in perinatal survival with 
advancing White class was noted (White et al. 1953).

Problems with the White System

Disagreement with the classification soon arose. Pedersen (1954a) found that fetal 
mortality increased with duration of diabetes, but not with age at onset or with sever-
ity of vascular complications, and recommended modifying the White proposal to 
address these inconsistencies. Also, he was prompted to formulate his own system, 
mentioned above. Oakley (1953) also disagreed with the White plan, but even more 
so, since he found that neither age nor duration was associated with fetal mortality.

A more fundamental question was what constituted severity of diabetes; or rather 
what correlated best with fetal mortality: historical factors and extent of mater-
nal vascular damage, or clinical indicators, represented primarily by insulin dose 
requirements and difficulty of maintaining control, each view with its supporters 
(Jones 1956; Dampeer 1958). Pedersen (1952a), advocating the clinical approach, 
recommended that “alterations in the daily dose of insulin [be] used as a measure 
of alterations in the severity of diabetes.” Jones (1953), finding a poor correlation 
between the historical and clinical indications, felt that the White grading was an 
inefficient predictor of fetal loss; but later, although concluding that insulin require-
ment and fetal loss were related, found the former less important than the historical 
features and vascular progression of the disease (Jones 1956). Nevertheless, while 
thought cumbersome, and needing modification to make its use practical, the White 
system was considered a major advance, and soon had “virtual semiofficial recogni-
tion” (Anon. 1954; Jones 1956).

The White System—Prepregnancy Based

Since White worked in a long-established clinic largely devoted to the care of ju-
venile diabetics from the time of onset of the disease she could assess the condi-
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tion from an early age. Thus, and because she felt it was “best done” at that time, 
her system of clinically grading the severity of diabetes was “based upon the pre-
pregnancy state…” (White 1949; White et al. 1952, 1953, 1971). Nevertheless, the 
pregestational basis of her system made for at least two problems: the difficulty of 
applying the criteria to patients usually not seen till they were already pregnant, and 
the tendency of investigators in later years to confuse the mildest degree of diabetes 
of pregestational onset and the usually mild diabetes of intragestational onset.

The system of grading diabetes severity she devised over 60 years ago (White 
1949) has stood the test of time well (see Zazworsky et al. 2004). It consisted of 
steps of increasing degrees of severity, denoted by the letters A–R, according to 
age at onset, disease duration and severity, and extent of certain vascular and other 
complications. In time the system underwent several expansions and modifications, 
outlined below. Insulin was always required in the more serious of the classes, but 
usually not in the mildest.

This mildest degree, called class A, consisted of a slightly elevated blood glucose 
concentration, as gauged by the glucose tolerance test, but with fasting concentra-
tions that were normal or near normal and a diabetic state that was asymptomatic. 
No criteria with respect to age at onset and disease duration applied to this class. 
Normalization of the glucose level was usually achievable by dietary means alone. 
The ‘condition’ may in fact have largely represented the upper end of the normal 
range of glucose tolerance in the population (Victor 1974; National Diabetes Data 
Group 1979). One puzzling thing, already alluded to, which to my knowledge was 
never explained, is why and how a nonpregnant person with a possibly borderline, 
asymptomatic state would have routinely come to the attention of medical person-
nel in a diabetes clinic.

Of all the White classes this one has been the most confused and confusing, 
since views of it and its definition shifted and altered over the years. The essential 
problem was whether mild glucose intolerance in a nonpregnant woman was to be 
equated with a similar state in a pregnant woman.

Recognition of the occurrence of mild degrees of glucose intolerance prompted 
new thinking about a number of things. It helped displace the concept of prediabetes 
by substituting for it the idea that there was a latent situation the stress of pregnancy 
could uncover. It followed, if this were so, that all women should be examined to 
detect this latent state, a prelude to the later advocacy of universal glucose tolerance 
testing of pregnant women. It also led to the later confusion between pregestational 
class A diabetes and the gestational form; exemplified by Peel and Oakley’s (1949) 
assertion that “pregnancy in most cases increases the severity of an existing diabe-
tes or, when latent, brings it to light.”

Examining the effects on pregnancy outcome in true class A diabetics was made 
more difficult as the strict definition initially given by White (1949) was increasing-
ly less often adhered to, and class A became ever more commingled with gestational 
diabetes. However, data that allowed separate examination of their consequences 
showed that neither of these mild degrees of glucose intolerance had discernible 
effects on spontaneous abortion or perinatal death (Kalter 1987).

It was noticed early that a small proportion of pregnant class A diabetic women 
had a fasting hyperglycemia that called for insulin administration. This required the 
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creation of a separate category for this condition and for conditions satisfactorily 
managed by dietary means alone, the major rationale for which was the possibility 
that they might carry different prognoses. But so far as offspring were concerned 
this was not substantiated (see below).

A last word. The White classification was not ironclad. Occasionally the clas-
sification of a patient changed, either from pregnancy to pregnancy or during a 
pregnancy. For example, class A became B if otherwise uncontrollable abnormal 
blood glucose level occurred necessitating insulin or oral hypoglycemic drug ad-
ministration.

Insulin Dependent Diabetic Pregnancy

While insulin has been a lifesaver for diabetic individuals, this great medical 
achievement had innumerable unintended consequences, as historians put it. For 
young diabetics the paradox was well phrased years ago, when it was said that 
“the problem of diabetic pregnancy was created by the introduction of the insulin 
treatment” (Andersson 1950); and “the advent of insulin has given rise to a new 
problem. The juvenile diabetic who has been helped to survive, mature, and marry 
and reproduce faces the problem of premature vascular sclerotic changes” (Reis 
et al. 1950).

These vascular effects formed part of the basis of the White classification, to-
gether with insulin need, onset age, and duration considerations. Diabetic women 
who required insulin were placed in classes B and beyond. The age at onset of the 
diabetes in these classes progressively decreased and the duration of the disease 
increased and presented increasingly more severe complications.

Class B features were adult onset (≥ 20 years), duration of < 10 years, and clini-
cal absence of vascular disease; in C and D respectively juvenile (10–19 years) and 
childhood (< 10 years) onset, duration of 10–19 and ≥ 20 years, and no or minimal 
evidence of vascular complication; and classes beyond D (mostly F, H, and R) no 
age and duration criteria, but serious, often advanced stages of renal, coronary, and 
retinal pathology. (For other details and implications of the classes see, e.g. Kitz-
miller et al. 1982 and Hare 1989, 1994.)

This scheme went through several modifications and expansions (White 1965, 
1978). Classes C and D were subdivided, the first according to age at onset and 
disease duration, the second according to type of disease complication. In addition 
further classes were added to accommodate newer problems, but were not often 
used, and an older one was discarded (Hare and White 1980). Furthermore, as in 
time perinatal death decreased, distinctions between classes B, C, and D almost 
disappeared, and their definitions were sometimes no longer appropriate (Kitzmiller 
et al. 1981). The revised classification, as it stands presently, was described by Hare 
(1989, 1994). PubMed has yielded nothing further.
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White Class Variation

Do the White classes vary geographically and temporally along with changes in 
demography and prevalence of insulin dependent diabetes? The reason for the ques-
tion is to raise the possibility that such variation affected rates of perinatal death and 
congenital malformation, questions addressed below.

Aside from examining such matters, the inquiry revealed a conspicuous change. 
This was a shift, which happened very early, in distribution of the classes at the 
lowest end of the system, as class A was invaded, and it may be said corrupted, by 
its confusion with the concept of gestational diabetes, as was already mentioned. 
The upshot of this was an increase in the proportion of cases classified as A as the 
concept took hold and the practice grew of routinely testing pregnant women for 
carbohydrate intolerance (Beard 1976). This fashion caught on in America sooner 
and reached greater heights than in Europe; perhaps because of lack of enthusiasm 
about this latest American innovation.

In the same way, parts of Europe, particularly Great Britain, at first resisted 
adopting the White classification as a whole. To return to the question of whether 
variations occurred in the distribution of the advanced White classes, the distorting 
effect of class A first had to be discounted. Doing this, if interpretation be dared, 
seemed to point to there having taken place in Europe a continual increase in av-
erage severity of diabetes in pregnancy and in America a plateauing of severity. 
Can the former possibility be related even remotely to the widely reported growing 
prevalence of childhood diabetes in Europe and elsewhere (Levy-Marchal and Cz-
ernichow 1992; Gale 2002)?

The subjects of spontaneous abortion and perinatal death in White classes B and 
beyond are discussed below.
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It is remarkable that prenatal development so seldom goes awry and that babies 
born malformed are so few. But congenital malformations happen, and with the 
increasing control of many medical problems of the newborn they emerged into 
conspicuousness. It is this topic we turn to, asking what are malformations, what 
causes them, how often do they happen.

What Are Congenital Malformations?

Various terms have been used to denote congenital malformations—congenital ab-
normality, congenital defect, congenital anomaly, birth defect, the last meant for 
easy consumption by the general public. Since there is no reason for this multiplic-
ity except elegant variation it is ‘congenital malformation’ that usually will be used 
here.

For the purpose of this work attention will predominantly be focused on malfor-
mations evident in the first days of life, because that is when most medically serious 
ones are discovered, and because most reports of malformations in offspring gener-
ally, as in those of diabetic pregnancies, concerned neonatal infants. Later appearing 
or discovered malformations will be considerd below.

Defining malformation is the primary challenge. Broad definitions, such as “ab-
normalities attributable to faulty development” (McKeown and Record 1960), or 
“structural defects present at birth” (Warkany 1971), leave their key terms unset-
tled. Although abnormalities from the submicroscopic to the glaringly gross, strictly 
speaking, would be admitted by the term structural, in practice semantic quibbles 
have made for no difficulty, because the malformations predominantly the subject 
of clinical and epidemiological teratology are those discovered almost entirely by 
the unassisted eye or with the aid of standard clinical instruments. Such then are 
the conditions relevant to the subject discussed here; and abnormalities that did not 
conform to this limitation—molecular, cellular, metabolic, endocrine, functional, 
etc.—have been discounted.
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The term faulty development can also be reasonably dealt with, by limiting mal-
formations to those resulting from disturbances of development of parts having to 
do with the laying down, early in prenatal life, of basic embryonic structures and 
the formation of organ systems. This excludes conditions such as tumors, nevi, an-
giomata, etc.

Also excluded were two other wide varieties of abnormality. First, because they 
are relatively common and scarcely of medical significance: minor defects, ana-
tomic variants, trivial blemishes, abnormal biochemical and other functional states; 
and second, because they are of known or probable etiology exempting them from 
being attributed to maternal diabetes: defects of chromosomal, genic, and possi-
bly exogenous or complex origin, such as trisomies, chondrodystrophy, cretinism, 
dwarfism, deafness, mental retardation, etc.

Many aberrant or unusual physical characteristics have their origin during 
prenatal life. Note that in this sentence the word abnormal to designate deviant 
was studiously avoided. The terms abnormal and abnormality indicate something 
beyond or different from normal, and easily told apart from it. But saying what 
is normal is itself not easily pinned down, because the word normal, presenting 
a philosophical dilemma, can mean so many things descriptive—regular, stan-
dard, usual, ordinary, symmetrical, healthy, common, typical, natural, average, 
expected, and so on.

The difficulties that grappling with this puzzle can lead to were inadvertently 
alluded to by a writer who held that “truly discontinuous phenomena in nature are 
excessively rare, particularly in biology” (Murphy 1966). What he may have meant 
is that in science the concept of abnormality is pointless since the location along 
a continuous distribution at which the normal is departed from is indeterminable.

On the contrary, in a critical phase of existence, embryonic life, discontinuities 
may be common; but be revealed only when developmental processes fail to sur-
pass quantitative thresholds and give rise to outcomes that differ qualitatively from 
what would have eventuated otherwise (Fraser 1976). These are not outcomes that 
deviate in shape, dimension, relation, or any other manifestation of degree, or do not 
lie at the extremity of arrangements of finely shaded, progressively diverging ap-
pearances, but are species without link to what they are marked off from. Such phe-
nomena, regardless of how the word is defined, it cannot be denied are abnormal.

But not all of what may be called developmental abnormalities have the same 
medical import. Thus what abnormal means for the purposes of this work calls for 
some distinctions to be made between those with different consequences for viabil-
ity, health, and well being. The distinction most often made is that between what 
are called serious or major congenital malformations on the one hand and minor or 
inconsequential defects, aberrations, variants, etc. on the other.

There are good reasons for this distinction. The former are those that have dire 
consequences, that cause or are associated with embryonic or perinatal death, re-
quire surgical or medical care soon after birth, or are gravely physically handicap-
ping. Understandably therefore they have been given much attention by the medical 
and biological world, as well as the lay public. And because of this they have long 
and widely been registered and thus form a body of record against which compari-
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son and analysis has been made (Warkany and Kalter 1961; Kalter and Warkany 
1983).

These, denoted major congenital malformations, ironically, are among the most 
frequently occurring of abnormalities of prenatal development, and include a large 
variety of malformations of numerous systems of the body, central nervous, cardio-
vascular, orofacial, gastrointestinal, urogenital, skeletal, etc. Parenthetically, con-
sidering that many of them, in the days of premodern medicine, were usually lethal 
or impaired reproduction, what this means as far as evolution is concerned would 
be an interesting topic for discussion, but not here egligably.

And then there are the many structural aberrancies that depart little from the 
typical or affect nonvital parts of the body. These, the so-called minor congenital 
malformations, usually entail only trivial medical or cosmetic impairment. [The 
instance of Ann Boleyn may be mentioned, one where such a defect, in her case the 
presence of “a rudimentary sixth finger on her left hand” (Mattingly 1941, p. 246), 
did not interfere, at first at any rate, with her attractiveness.]

However, saying what is a minor abnormality may not be easy; since, depending 
on the inclusiveness of the term (and there is little consensus here) and the assiduity 
of the search for them, the number of such conditions an infant may be discovered 
to possess can vary from few to many, and the proportion of the newborn population 
so affected can likewise vary greatly. Examples follow.

In an early foray into this uncharted field unselected newborn infants were 
examined for 26 different “minor anomalies” and one or more, mostly of the ear 
and hand, discovered in 14.7% of them; in addition 14.3% had one or more of 14 
“normal phenotypic variants,” again mostly affecting the ear (e.g. folding over of 
the upper helix) and face (hemangiomas) (Marden et al. 1964). In another, an ex-
panded search, children not exposed in utero to certain drugs were examined for the 
presence of 104 unnamed physical features called minor malformations and 42.9% 
found to have one or more of them (Holmes et al. 1985). Other studies similarly 
found that some large fraction of infants had such minor physical features, in the 
absence of associated major congenital malformations (Méhes 1983, 1988; Merlob 
et al. 1985; Leppig et al. 1987).

Acknowledging the perplexity presented by this embarras de richesses, students 
of these phenomena attempted to put them into perspective by arbitrarily dividing 
them into those occurring in less and more than some proportion of infants (e.g. 
4%), and calling only the less common ones defects, on the reasonable assumption 
that very common ones could not be “abnormal” (Smith 1971). But because there 
was no agreement about which features were relevant and meaningful such cat-
egorical measures could have hardly held promise of diagnostic or other usefulness 
(especially since most of them undoutedly were physical or morphometric variants 
and seldom had the least medical significance). Evaluating their heuristic signifi-
cance was thus impeded by the absence of agreement as to which of the isolated 
nonvariants were to be accepted as minor defects and which not (Pinsky 1985; Lep-
pig et al. 1987; Merlob 1994).

These controversial matters were of little concern in this work where it was nec-
essary simply to recognize that there are two categories of congenital abnormalities, 
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one the major congenital malformations, which are the principal focus here, and 
second the minor anomalies and trivial physical variants, which are considered only 
in relation to the others.

Studies made from about the middle of the twentieth century to the present will 
be examined to judge the widely held belief that congenital malformations occur 
excessively in the children of diabetic women.

Cause and Frequency

Congenital malformations and their causes have been intensively studied and 
their meaning pondered since these phenomena were first observed by humankind 
(Saint-Hilaire 1832; Ballantyne 1894; Warkany 1977). Their causation is obviously 
of great importance to the writing here, being integral to examining their association 
with diabetic pregnancy. First as to general aspects.

About 3% of newborn infants possess major congenital malformations, as shown 
by numerous surveys made during the past 70 or more years (e.g. Malpas 1937; 
McIntosh et al. 1954; Böök and Fraccaro 1956; Leck et al. 1968; Saxén 1973; Re-
gemorter et al. 1984), though Birnbaum (1912) 100 years ago came close. There is 
in addition a similar proportion with medically relevant but less harmful abnormali-
ties not usually evident until some time after birth (McIntosh et al. 1954; McKeown 
and Record 1960; Ekelund et al. 1970; Klemetti et al. 1978). If their scope is broad-
ened by relaxing the definition or expanded by follow up it may be as large as the 
7.4% noted in one study (Mellin 1966). But in the main only major malformations 
discovered in the neonatal period are dealt with here, since with very few excep-
tions that is when offspring of diabetic pregnancies were examined for congenital 
malformations. So much for their frequency.

As to the causes of major congenital malformations, to make a long story short, 
comparatively little is known with certainty at the present time, a gloomy assess-
ment to be qualified over these pages. Time has shown their etiology to be mul-
tiplex, falling into a diverse catalogue, while yielding a rough order and classifi-
cation. This consists of five broad categories: single mutant genes; chromosomal 
aberrations; interactions between hereditary susceptibilities and usually undefined 
nongenetic factors; discrete environmental factors; and all others—i.e. those still 
with no unambiguously identified origin. Of these categories a calculation assigned 
about 7.5% of major malformations to a monogenic basis, 6% to association with 
chromosomal aberrations, 5% to identified discrete environmental causes, 20% on 
the basis of various lines of evidence to the combined action of genetic and envi-
ronmental components—the so-called multifactorial and ecogenetic defects—and 
the remainder, over 60%, still a terra incognita (Kalter and Warkany 1983); still the 
situation today well into the twenty first century. These categories will be recalled 
below, when the association of diabetic pregnancy with congenital malformations 
will be discussed, since those occurring in the infants of diabetic women that are 
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unequivocally known to be of genic, chromosomal, or nondiabetic environmental 
origin must be discounted when assessing the association.

While hardly satisfactory this knowledge must be considered a vast leap beyond 
what was accepted by medical people in the past; when e.g. maternal impressions 
could be held responsible for deforming infants in utero (Gould and Pyle 1898, 
p. 81). [A humorous but perhaps semiserious example of this belief occurs in chap-
ter 75 of Melville’s Moby-Dick, where a “harelipped” whale is reported with a “fis-
sure…about a foot across,” whose mother “during an important interval was sailing 
down the Peruvian coast, when earthquakes caused the beach to gape.” The author 
at least was rationally deterministic in timing the catastrophic event to an embryo-
logically susceptible interval.]

Despite the general consensus mentioned above, the reported frequency of 
congenital malformations has varied. Which is not surprising, since in addition to 
variations of definition their frequency discovered has depended on numerous fac-
tors—demographic, environmental, temporal, geographic, surveillance practice and 
efficiency, observer skill and experience, birth registration and hospital record com-
pleteness and accuracy, etc. (Kennedy 1967; Klingberg and Papier 1979; Janerich 
and Polednak 1983; Leck 1984, 1993; Khoury 1989).

But studies that were aware of such difficulties and applied uniform criteria and 
ascertainment procedures, as noted, usually found a background rate of major con-
genital malformations of about 3%, a figure that has not varied in years (Warkany 
and Kalter 1961; Kalter and Warkany 1983; Rosch and Steinbicker 2003; Sípek 
et al. 2009).

Death and Malformation

The frequency of malformations in human embryos and fetuses is about six to seven 
times greater than the approximately 3% seen in newborn children (Sentrakul and 
Potter 1966; Poland et al. 1981; Shepard et al. 1988, 1989); the difference mostly 
accounted for by spontaneous abortion of malformed conceptuses (Warkany 1978; 
Shiota 1993).

The frequency is also greater in perinatal mortality—stillbirth and early neo-
natal death—than in surviving newborn infants. But while in the survivors it has 
remained fairly steady since its earliest determination, the relative rate in perina-
tal mortality has increased steadily over time—owing to the success in preventing 
many of the other causes of such deaths.

An example of this inverse relation is the contrast between findings of surveys 
in Vienna in 1934–1953 and in 1981–1983, which found that as the perinatal death 
rate fell the malformation frequency increased, from 5.6% in the earlier period to 
23.4% in the later (Fink 1955; Huber and Reinold 1985). The relation was well 
supported by a recent comprehensive review of 50 years of hospital-based reports 
(Kalter 1991).
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The trend however was arrested and perhaps reversed in some localities, by the 
practice first introduced about 40 years ago of aborting pregnancies in which lethal 
abnormalities were recognized prenatally (Powell-Griner and Woolbright 1990). In 
one area e.g. nearly half the decline in the perinatal death rate in a 9-year period 
was due to this practice, with the frequency of perinatal death due to congenital 
malformations thus declining from 23% at its beginning to 14% at its end (Northern 
Regional Survey Steering Group 1992).

Stillbirth and neonatal death differed from eachother in this respect however, the 
malformation frequency having increased over time far less or not at all earlier than 
later. Since the frequency was similar in both 60 years ago this divergence pointed 
at least partly to differential success in overcoming the causes or concomitants of 
death in them. Certain facts pointed to the reason for this, namely clear distinctions 
between the predominant types of malformations occurring in them, in stillbirths 
75–85% being of the central nervous system (mostly failure of neural tube closure), 
whereas in neonatal deaths the commonest were cardiovascular defects, malforma-
tion types carrying very different prognoses for viability and well-being (Kalter 
1991, 2007). How these facts impinge on the topic of the association of congenital 
malformations and diabetic pregnancy will be pursued below.

10 Congenital Malformations—Questions



79

With the temporal waning of infant mortality, beginning as early as the 1930s and 
especially the 1940s, congenital malformations received ever more attention. This 
chapter and subsequent ones address whether malformations in general or certain 
ones have been more common in the children of diabetic than nondiabetic women. 
Opinion regarding this question differed however, the evidence being fragmentary, 
flawed, and ambiguous. Such failings and lack of appreciation of concepts regard-
ing congenital malformations made approach to the question difficult.

Whether both diabetes that antedated pregnancy as well as the form that first oc-
curred during pregnancy posed malformation risk only later became clarified. Ear-
lier, both types of diabetes were considered together in many studies and outcomes 
of pregnancies were usually not reported separately. Which is understandable since 
the foremost problem then, the high perinatal death rate, was shared by both types 
of diabetes.

And finally, also often poorly appreciated at first was the impact numerous fea-
tures can have on the diagnosis of malformation: infant age at examination, means 
of diagnosis, inclusion or omission of perinatal deaths, autopsy rate, thoroughness 
of postmortem examination, interests and experience of investigators, accuracy and 
completeness of records, representativeness of the pregnant women, etc.

The Prevailing Opinion

Opinion solidified about 60 years ago that the frequency of congenital malforma-
tions was increased perhaps threefold or more in the children of insulin dependent 
pregestationally diabetic women (Hagbard 1956; Gellis and Hsia 1959). And de-
spite isolated demurrals and skepticism (Warkany and Kalter 1961) it has persisted 
and been widespread (Miller 1956; Farquhar 1959; Rubin and Murphy 1958; Simp-
son 1978; Neave 1984; Mills and Withiam 1986; Reece and Hobbins 1986; Greene 
1989; Cousins 1991b; Landon and Gabbe 1995; Casson et al. 1997; Coustan 1998; 
Damti and Riskin-Mashiah 2009; Dunne et al. 2009).
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Nevertheless doubts lingered. To try to get a handle on this persistent question 
numerous matters were examined to determine its basis and credibility. The inquiry 
mostly hinged on hospital-based reports of the outcome of diabetic pregnancies, but 
public health and epidemiological records that were possibly pertinent were also 
considered.

A challenge to the undertaking laid in dealing with the various incommensura-
bles in these publications, especially regarding ascertainment, definition, and diag-
nosis of congenital malformations. It is of little consolation to read that the struggle 
of making sense of the records of the past was not rare. For example see Morison’s 
(1971, p. vii) exasperation at similar struggles. “All honest efforts to throw light on 
historical darkness…have my enthusiastic support. But it has fallen to my lot…to 
read some of the most tiresome historical literature in existence. Young men seeking 
academic promotion, old men seeking publicity, neither one nor the other knowing 
the subject in depth…write worthless articles, and the so-called learned journals are 
altogether too hospitable to these effusions.” Morison was over 80 years old when 
he wrote and felt free to express himself as he pleased. As candid also was an editor 
of the British Medical Journal when he said “…much of what is published in peer 
reviewed journals is of very low quality” (Smith 1994).

Diagnostic Problems

Many of the difficulties of judgment and comparison this writer has had to deal with 
were present even in more recent studies, but some older ones were perhaps more 
vexing. The nature and sources of many of these problems were noted by Warkany 
(1971, pp. 124–125) when he lamented that “there exist many publications that 
contend that the incidence [of congenital malformations in the offspring of diabetic 
mothers] is definitely increased, but some of the statements rely on impressions 
that are not adequately controlled and suffer from lack of clear definition of the 
term ‘congenital malformations.’ Some include stillbirths and necropsies; others 
deal with surviving children. Some conclusions are based on single examinations, 
others on repeated examinations. It is also probable that infants of diabetic mothers 
often are more thoroughly examined than the controls. …The continued discussion 
of teratogenic effects of maternal diabetes illustrates the difficulties of ascertaining 
maternal factors in the etiology of congenital malformations.”

Some commentators, noting these tendencies, explained the wide variation in 
malformation frequency reported in diabetic pregnancy in earlier decades as fol-
lows: some writers “include every trivial abnormality found on clinical examina-
tion, whereas others used technical aids to diagnosis or recorded only lethal malfor-
mations discovered at autopsy. Some have mentioned only those anomalies which 
are obvious in the first week whereas others have followed their cases and have 
added those malformations which were discovered later” Farquhar (1959). Most 
troubling, as Miller (1956) complained, was the fact that “few reports bother to list 
the kinds of anomalies encountered.”
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Clearly, reports that failed to enumerate malformations, or included trivial de-
partures from normality, or commingled findings in newborn and older children, 
etc. could be of no help in determining whether the frequency of malformations 
in offspring of diabetic pregnancy was greater than that of serious malformations 
detected in the neonatal period in the general population. It is such ingredients in 
the numerous publications whose pages have yielded the data on which this work 
are based that had to be to judged.

A far-out example may be mentioned. White (1952), summing up her experienc-
es with congenital malformations in the Joslin Clinic in Boston said that “congeni-
tal anomalies…have occurred in 80% of the infants of our diabetic mothers…and 
include defects of the skull and heart, cysts of the kidney, ovary, pancreas, mouth; 
angioma, syndactylism, claw hand, club foot, web toes, congenital hip, dwarfism, 
feeblemindedness, and Mongolian idiocy.” Questioned as to how these entities had 
been discovered (Rubin and Murphy 1958), she replied, “Many of the abnormalities 
had been revealed by subsequent visits of these children, during x-ray examina-
tions, etc. Every deviation from normal has been counted…and included are such 
slight abnormalities as a nevus, shovel rib, ear nodules and many other things…. 
The figure was based on a pilot study…conducted not only on the newborn, but on 
children of diabetic mothers up to age twenty.” In Europe too there were such con-
fusing practices. Koller (1953) e.g. not only reported serious malformations found 
at birth but also conditions dubiously labeled malformations as well as those found 
at follow-up examination of older children. Even in more recent years egregious 
examples of the looseness of the definition of congenital malformation are often 
found in the diabetes literature (Neufeld 1987).

Age at examination was influential. Results were distorted when abnormalities 
that only became expressed at older ages were reported; or when malformations 
fatal at younger ones were disregarded. Although extended coverage was perhaps 
needed for complete ascertainment, in studies made to determine the possible pre-
natal consequences of a discrete influence like maternal diabetes, it was necessary 
to set a limit as to the age of children to be examined; and it was most logical that 
this be the neonatal period.

It is not surprising then that when no uniformity of age of examination was 
adhered to, the already variable outcomes of potentially prenatally harmful situa-
tions were magnified and difficulties of comparison and interpretation made further 
problematic.

It may have been awareness of this possible source of error that led Hagbard 
(1956, 1959) to present defects observed in neonates separately from those discov-
ered at later ages. This did not keep him from another fault however, i.e. aggregat-
ing the malformations discovered; since only a listing can enable judgment of the 
acceptability of the defects found. The same fault was committed by Stevenson 
(1956), who compensated a bit by observing that “an interesting feature of many of 
these cases is the high incidence of abnormalities of the limbs,” anticipating some 
assertions of the next decade; and also by asking rhetorically why “if a metabolic 
disturbance does play a part in human development it should be limited to this par-
ticular time,” i.e. of limb bud development.
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By this remark he recognized that defective prenatal development occurred early 
in gestation, as did others of that generation, e.g. Corner (cited by Miller 1946) and 
Hagbard (1956), who stated “We are concerned mainly with the first trimester of 
pregnancy, as most deformities develop during the first 7–8 weeks of embryonic 
life….” Thus the startling revelation by Mills et al. (1979) that malformations in 
infants of diabetic women occurred early in gestation had been enunciated gen-
erations before. Still, to some such disclosure seemed “almost revolutionary” and 
again a “veritable revolution in biological thought” (Opitz 1994; discussion in Hol-
mes 1994).

Jones (1952) was an innovator in reporting minor congenital malformations 
(which to him corresponded to those that were “correctable”) separately from those 
that were severe or incompatible with life. But he did not name any defect, which 
forestalled insight into his method of classification.

In order to reach the primary goal of evaluating malformation frequency in neo-
nates from diabetic pregnancies the present writer had to disregard reported abnor-
malities that did not conform to the standard usage of the term major malformation 
(as explained below) as well as those found later than the neonatal period. A final 
point, ending this litany of complaints, is to note the rarity over the years of control 
subjects, matched or not, obligatory for valid judgment of the relevant findings in 
the offspring of diabetic women.

The foundation of this work, because they comprised the basis of universal com-
parison, are the congenital malformations called major that: are present at birth, 
cause or are associated with perinatal death, need surgical intervention for contin-
ued life, or are a threat to health and well being. Excluded are malformations with a 
known or probable cytogenetic, genic, or environmental etiology. Other aspects of 
this problem are not ignored; minor malformations, as they are called, are discussed 
and developmental abnormalities discovered upon examining children during post-
neonatal months are considered.

Early Observations

It is illuminating to read the earliest reports of the outcome of diabetic pregnancy 
mentioning a malformed child, and see the difficulties of interpretation they often 
embodied. This was true from the first one asserting that diabetes is teratogenic, 
a report of two children with hydrocephalus, one dead late in the neonatal period, 
the fate of the other uncertain at 10 months of age; but with the return to normality 
during pregnancy in one of the mothers casting doubt on the correctness of the di-
agnosis (Lecorché 1885). Remembering furthermore that hydrocephalus has a het-
erogeneous etiology, frequently arising postnatally as a result of infection or trauma 
(Russell 1949), the nature of such occurrences was often unclear. There seems not 
to have been another report of a defect during the pre-insulin years till the birth of 
a girl in 1922 (Rosenberg 1924). Although described as healthy at birth she died at 
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13 days of age with a congenital heart defect. Her mother died nine months later in 
a diabetic coma.

In the first two decades of the insulin era such occurrences were rare, despite the 
increasing commonness of diabetic pregnancy. In all, seven children with malfor-
mations of mothers with diabetes were reported (Gray and Feemster 1926; Nevinny 
and Schretter 1930; Peckham 1931; Skipper 1933; Hurwitz and Irving 1937; Allen 
1939), but the circumstances of many of them were such that today they would not 
be ascribed to the maternal disease.

Other such observations came from a long-existing Boston diabetes center, the 
Baker Clinic (afterward the Joslin Clinic). Earlier ones are detailed here; those 
in later years noted elsewhere. The first report presented findings beginning with 
the earliest days of the clinic, 1898–1935, from 166 pregnancies of the preinsulin 
and insulin eras collectively (White 1935). Seven of the children were abnormal, 
which bore out the author’s contention that “congenital defects occur frequently” 
in these cases. The condition of two of the children is hardly to be attributed to the 
maternal disease however—one, a “Mongolian idiot,” now known to be due to a 
chromosomal abnormality (Lejeune et al. 1959), and the other, an achondroplasia, 
not further described, but known today to be largely gene-caused. The others were 
microcephaly, gastrointestinal atresia, two instances of congenital heart defect, and 
a “monster.” Omitting the first two gives a frequency of 3.0%, corresponding to the 
one usually reported for the general population (Kalter and Warkany 1983).

There also were seven stillbirths, one with an unnamed abnormality, a frequency, 
compared perhaps for lack of any better, with congenital defects in stillbirths in 
a Baltimore hospital in approximately the same years (Dippel 1934); inappropri-
ate for the task however, since the latter were mostly associated with infectious 
diseases, especially syphilis. A contemporary death-certificate report from that pe-
riod in Philadelphia recorded a higher rate of malformed stillbirths (Murphy 1939). 
More to the point were hospital-based perinatal death studies made before 1959, a 
review of which found that 12.0% of stillbirths and 16.4% of first-week deaths were 
malformed (Kalter 1991). Thus White’s (1935) finding of one abnormal in seven 
stillbirths is hardly remarkable.

Early publications from the Boston clinic presented the results of successively 
supplemented pregnancy numbers; the data were not consistent however and must 
be evaluated individually (White et al. 1939; White and Hunt 1943; White 1949). 
The first, regarding patients seen in 1936–1939, noted three children with congeni-
tal malformations in 35 deliveries—congenital heart defects, hand and foot abnor-
malities, and isolated bilateral dislocation of the hip.

The last requires a comment. First, to call it congenital, i.e. present at birth, 
though that is the conventional designation, is incorrect, since it is usually only 
the slight anomalies that predispose to dislocation that exist prior to birth while the 
defect itself is probably precipitated by later trauma. Next it is a relatively common 
defect (a fact known since its recognition by Dupuytren almost 150 years ago), but 
nevertheless presents diagnostic difficulties. Third it frequently has an appreciable 
genetic component. And last it very often undergoes spontaneous restitution (Hass 
1951; Barlow 1962; Warkany 1971, p. 992 et seq., Anon. 1992; Rosendahl et al. 
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1992). For all these reasons it cannot be included in the toll of congenital malforma-
tions under consideration here as associated with maternal diabetes.

The next report, overlapping the one preceding, encompassed the years 1936–
1945, and concerned 125 infants of whom, discounting the three noted above, 17 
were said to have congenital anomalies (White and Hunt 1943). Among these were 
numerous conditions whose designation as malformation can be challenged: pan-
creatic rests, short tendon, ovarian cysts, angioma, cysts of the mouth, varices of 
the heart. Others of known etiology (“Mongolian idiocy” and cretinism) or hetero-
geneous states of unclear origin (dwarfism and mental retardation) the maternal 
disease cannot be held responsible for. Those more likely qualifying as congenital 
malformations were kidney cysts, an encephalocele in a child that died after the 
“second week,” and two instances of skull defects not further specified.

The last of the publications, bringing the record to 1949, reported congenital 
anomalies in six of 439 deliveries, bilateral renal agenesis, anencephalus, “hemor-
rhagic disease,” and the remainder unnamed; in a follow up of the survivors there 
was said to be a “high incidence of congenital defects most of which have been 
slight in character…” (White 1949).

The few findings from this clinic can be of little use in determining whether 
congenital malformations are present excessively in diabetic pregnancy gener-
ally. More definitive information started to appear in the 1940s when congenital 
malformation data began to be more regularly and more informatively presented, 
especially separately for perinatal death. The latter was in fact the only reliable 
indication of congenital malformation frequency for diabetic births of that time, 
since investigators being chiefly concerned with explaining the deaths paid great 
attention to them and on the contrary seldom mentioned the survivors with regard 
to malformations at all.

Malformations in Perinatal Death

Analysis of the association of congenital malformations and diabetic pregnancy 
must take into consideration a most consequential fact, namely that the frequency 
of perinatal death and the frequency of malformation in perinatal death are inversely 
related, and thus as the former decreased over time the latter increased—which of 
course is as true in diabetic pregnancy as in the general population. Because of this 
fundamental relation the frequency of malformations in perinatally dying infants 
must be considered separately from that in surviving infants.

It must also be noted that the frequency of congenital malformations in the fatali-
ties is greater than in the survivors. Most past writers did not recognize or ignored 
this fact, and seldom presented findings in surviving and nonsurviving offspring 
separately, which obstructed valid examination of the relation of congenital malfor-
mations to diabetic pregnancy.

Even so, analysis of malformations in perinatal death may be hampered for a 
number of reasons: because some stillbirths, at times a significant component of 
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perinatal death, may not be examinable, owing to autolysis following in utero reten-
tion (Keeling 1987); because many malformations are not inevitably lethal, espe-
cially as their prognosis has improved with medical progress; and because as noted 
the relative frequency of malformations in perinatal death has increased over time 
as the overall rate of such deaths has decreased (Kalter 1991); all of which made 
judgment vis a vis contemporary vital statistics even more necessary. This was true 
as much years ago, when Hagbard (1961) found the proportion of fetal deaths with 
malformations had increased from 9% in 1948–1951 to 20% in 1956–1960, as a 
result of decline in other causes of death.

Studying malformations in perinatal death had several advantages: it provided 
fuller information, since dead infants were usually autopsied and closely examined; 
and since most malformations in perinatal death were major ones, questions about 
major vs minor and other unsettled matters did not intrude. Some authors, especial-
ly earlier ones, actually confined the reporting of malformations to those found in 
mortalities, almost certainly because one of their main focuses was uncovering the 
causes of the then great perinatal death rate in diabetic pregnancy. In some instances 
in fact the only congenital malformations mentioned were those found in mortalities 
(e.g. Clayton 1956; Gellis and Hsia 1959).

Six publications of this sort cited by Miller (1956) reported malformation fre-
quencies of 0–5.7% (including a private communication by Reid reporting 2.4% 
lethal malformations in infants of diabetic women compared with 0.75% in non-
diabetics in the same hospital; a rare instance of such a comparison—even in later 
years). The significance of Reid’s communication was that this 2.4% figure was 
found in the Joslin Clinic, the same institution in which the 80% frequency men-
tioned above was noted by White (1952).

Malformations were not always high in many earlier lists of conditions believed 
to underlie the persistently excessive perinatal death rate in diabetic pregnancy 
(Henley 1947; Pease et al. 1951), but even so their possible part in contributing to 
these deaths were matters of some dispute. For example Ronsheim (1933) held that 
deaths of “monstrosities” were part of the large number of mortalities, while Skip-
per (1933) equivocated, considering that though there seemed to be an “unusual 
tendency” for diabetics to have congenitally abnormal children, the facts were too 
scanty “to allow a definite conclusion to be drawn.”

These mixed opinions continued into the next decades, as the following quota-
tions illustrate. “The evidence does not suggest that congenital defects are respon-
sible for the greatly increased mortality rate” (Henley 1947). “…not a single defor-
mity was found” (Hall and Tillman 1951). “Congenital malformations…account 
for a very small proportion of neonatal deaths” (Pease et al. 1951). “There was no 
significant inc. Congenital malformations do not play a large part in fetal loss; their 
role is largely confined to late neonatal death” (Bachman 1952). “The evidence for 
the increased incidence of congenital abnormalities in infants of diabetic mothers is 
still unsatisfactory…. In none of these cases could the abnormality be considered to 
play any part in the death of the infant” (Cardell 1953). “Congenital anomaly was 
not responsible for an important segment of the fetal loss” (Jones 1958). Others, 
though they left no memorable quotations, found no malformations in the perinatal 
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death occurring in their series, many of which were probably autopsied (Brandstrup 
and Okkels 1938; Herrick and Tillman 1938; Potter and Adair 1938; Mengert and 
Laughlin 1939).

Some bear looking into further. Hall and Tillman (1951) remarked they had not 
found a single deformity in 104 babies of diabetic women, but 19 perinatal mortali-
ties were not autopsied. Or Palmer and Barnes (1945): “Although congenital defects 
were greater than normal in the group of living children they were not common….”

The negative impressions were no doubt the result of the high perinatal death 
rate then current, which obscured the level of malformations in the mortalities. This 
being the case it took the mortality rate falling in later years to allow this fact to be 
revealed. As will be seen below.

Stillbirth vs Neonatal Death

During the years when the perinatal death rate in diabetic pregnancy was extraordi-
narily high there was an intense search for its causes; whose close examination led 
to finding that the frequency of congenital malformations in stillbirths was about 
half that in neonatal deaths (partly due perhaps to the disproportionate spontaneous 
abortion of those with defects of the central nervous system—Kalter 1991).

Shifts occurred with time. From the 1930s to mid 1990s the malformation fre-
quency recorded in stillbirths doubled, despite the substantial decrease in the perina-
tal death rate, while that in neonatal deaths almost trebled, the differential increasing 
continuously over the span in a fashion closely inversely related to the death rate. 
Despite the discrepancy however, the ratio between stillbirth and neonatal death 
rates remained fairly constant (Kalter 2000, Table 10.1, p. 104). These patterns no 
doubt reflected differences in the types of malformations usually predominating in 
stillbirth and neonatal death, those of the central nervous and cardiovascular sys-
tems respectively (Kalter 1991).

Diabetic vs Nondiabetic Mortality

The question remained whether the malformation frequency in deaths from diabetic 
pregnancies, many of which were autopsied and thus presumably closely exam-
ined, was greater than in those of pregnancies from nondiabetic women. Since con-
trol material was almost never collected, for comparison it was necessary to resort 
to data from hospital-based general population births in approximately the same 
stretch of time (Kalter 1991).

The data for the earliest decades showed that the impression of the clinicians of 
old that malformations in diabetic pregnancies, as reflected by those in mortalities, 
were not increased was correct. And for the most part the results for recent years 
continued to show no credible increase. Confirming this was ever more difficult, 
since perinatal death had so decreased that it was seldom mentioned in later reports.
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Resorting thus to perinatal death, even with more complete and accurate account 
of major congenital malformations, yielded an almost uniformly negative answer to 
the question whether there was a significant elevation in the level of such phenom-
ena in the children of diabetic women. Have pathology studies of perinatal mortali-
ties from diabetic women confirmed this?

Pathology Studies

Since there was almost complete agreement that malformations played little if any 
part in the high diabetic perinatal death rate in older decades other explanations 
were sought for it. Pathology studies later joined clinical efforts, and though they 
revealed several unusual features they had no more success than the latter; perhaps 
justifying the skepticism of Baird et al. (1954), who said that numerous autopsies 
“showed no consistent pathologic change in any organ that could provide convinc-
ing explanation of death.” Early studies often found pathology of one sort or an-
other, e.g. hypertrophic and hyperplastic fetal pancreatic islet cells (Helwig 1940; 
Miller and Wilson 1943), thought to be the basis of the frequent transient neonatal 
hypoglycemia, but not to be directly related to it (Miller and Ross 1940).

The heart was noted to be markedly enlarged (Hurwitz and Irving 1937; Miller 
and Wilson 1943) in association with neonatal macrosomia, but disproportionately 
so relative to the increase in other organs (Naeye 1965). The enlargement proved 
to be transitory, serial x-ray examination showing progressive return of the heart to 
normality by two months of age or less (Miller and Wilson 1943; Given et al. 1950).

Later it was learned that cardiomegaly and cardiomyopathies were frequent in in-
fants of diabetic women (Wolfe and Way 1977; Russell et al. 2008), and in recent 
decades received a good deal of attention. Advanced techniques identified the basis of 
fetal heart overgrowth as a transient hypertrophic subaortic stenosis (Gutgesell et al. 
1976), and later more fundamentally as interventricular septal hypertrophy (Gutgesell 
et al. 1980), an exaggeration of the normally disproportionately thick fetal septum 
(Weber et al. 1991; Veille et al. 1992). Although the septal hypertrophy was found to 
be related to the 3rd trimester maternal glycosylated hemoglobin level, and good con-
trol of the maternal diabetes to reduce its incidence (Cooper et al. 1992); such man-
agement had not always insured its prevention (Rizzo et al. 1991; Weber et al. 1991), 
much as was true of macrosomia itself (Knight et al. 1983; McCance et al. 1989).

Two further points bear attention: first septal hypertrophy occurred equally in 
fetuses of women with insulin dependent, type 2, gestational, and class A diabetes 
(Cooper et al. 1992; Veille et al. 1992; Gandhi et al. 1995), indicating the condi-
tion to be a late gestational phenomenon unrelated to any possible consequence 
of the maternal condition during early gestation; and second septal hypertrophy 
was sometimes associated with septal defects (Cooper et al. 1992). A much smaller 
liability to ventricular hypertrophy was seen recently in gestational than type 1 and 
2 diabetic pregnancy, altering none of the caveats above (Ullmo et al. 2007).

Considering the gravity in former years of the problem of diabetic perinatal 
death, it is remarkable that so few autopsy studies looking into its basis appear to 
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have been conducted. A mere handful of reports comprising studies from 1931 to 
1978 comprise the record. That they added little to understanding the problem hard-
ly lessens the surprise. But even in what they might have been expected to accom-
plish—furnish an enlarged and more detailed picture of the morphological state of 
the dead children than clinical observations could do—they were a disappointment. 
Approximately the same malformation frequency was noted in the autopsied mate-
rial as in clinical studies of perinatal mortalities, and as the latter had also shown, 
the difference from the admittedly sparse controls was not statistically significant.

One extraordinary matter should be pointed out: the malformation frequency 
in autopsied diabetic mortalities did not increase with time, remaining steady over 
the years at about 20%, contrary to its steady temporal increase in perinatal death 
generally; while in the sparse controls in that period it was about the same, at 17.4% 
(Kalter 2000, Table 10.3, p. 106). This fact may mean that autopsies were made 
on a selected sample of mortalities from diabetic births; as Farquhar (1965) com-
mented, “the pathologist’s population is not a fair sample of that seen at birth by 
the clinician.”

The variety of malformations found was limited, predominantly cardiovascu-
lar and urogenital; the unusual one, a symmelia (Driscoll et al. 1960, originally 
reported by Gellis and Hsia 1959), obviously did not depend on autopsy for its 
revelation. Within organs, however, there was a wide spectrum of heart defects, a 
remarkable variety according to Rowland et al. (1973) as tabulated by Rowe et al. 
(1981, p. 677).

Only a minority of the autopsy studies reported stillbirths and neonatal deaths 
separately, and in these the proportion of the former was unrealistically small; part 
of the reason for which no doubt being that many stillbirths were autolyzed and thus 
poorly examinable; but also probably because neonatal deaths were the uppermost 
challenge.

A different slant came out of autopsies of nearly 3000 mortalities conducted by 
Mason Barr (personal communication, 1993). He noted a significantly increased 
frequency of several malformations in specimens from pregestational diabetic 
women than in those from nondiabetic women, including central nervous system 
and genitourinary, but not cardiovascular and skeletal malformations. The indi-
vidual number of stillbirths and neonatal deaths was not stated however, making 
it difficult to accept the findings. Many of the specimens had been sent to Barr, 
presumably unselected for maternal diabetes; but this was made questionable by the 
greater than usual percentage of cases with pregestational diabetes and frequency of 
malformations—1.7% and 59.1% respectively.

Malformations in Surviving Infants

The final topic is the frequency of malformations in surviving infants, i.e. liveborn 
offspring not dying neonatally. The sources from which this information was gath-
ered, in distinction to that from the specialized clinics caring for pregnant diabetic 
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women discussed in the next chapter, were hospitals large and small, located in cit-
ies and communities of every size, extracted from over 100 publications. [They are 
listed individually in the Appendix in Kalter 2000.] Articles reporting survivors and 
perinatal death collectively were excluded.

The numerous articles that yielded the facts contained in that Appendix formed 
a relatively small proportion of the literature dealt with in the work in its entirety. 
These are the comparative few that explicitly reported the occurrence of major mal-
formations in surviving offspring as defined above or from which this fact could be 
extracted.

The bottom line was that the frequency of major malformations in surviving 
infants of diabetic women in Europe and America rose from 1.6% in 1930–1949 to 
2.2% in 1950–1969, and to 2.9% in 1970-mid ’1990s (Kalter 2000, p. 109), com-
parable to that noted in hospital-based reports of surviving infants in overall popu-
lations. Although the comparison was hindered by the dearth of articles in which 
such information was given or could be ferreted out, and because the comparison 
required judgment as to which of the sometimes indiscriminately included defects 
was relevant, nevertheless the likely conclusion once more was that the frequency 
of congenital malformations is not significantly increased in diabetic pregnancy.

Minor Congenital Malformations

Differences of opinion about the definition, prevalence, and significance of minor 
congenital malformations and morphological variants continued. Some of these 
matters were touched on in pages above. The reader interested in fuller details is 
directed to articles and books especially concerned with these topics (e.g. Méhes 
1983; Pinsky 1985; Hod et al. 1992; Merlob 1994). Such considerations impinge 
on considering whether these conditions occurred more often in the children of 
diabetic than nondiabetic women.

Aside from their intrinsic interest or importance, of greatest relevance here is a 
subsidiary role minor malformations have been assigned, that of being indicators 
or monitors of major prenatal maldevelopment. This possibility was bolstered by 
finding that unselected children with major defects had more minor ones than nor-
mal children (Ekelund et al. 1970; Leppig et al. 1987) and that children exposed in 
utero to known teratogenic anticonvulsant drugs had more minor defects than those 
not exposed (Janz 1982; Koch et al. 1992). According to these patterns, if insulin 
dependent pregestational diabetes is teratogenic infants of diabetic women should 
have a greater frequency of lesser defects than occurs generally (Pinsky 1985).

A primary obstacle to determining whether this inference follows was the prac-
tice of reporting congenital malformations in diabetic births without differentiating 
between those that are conventionally designated as major and those not so consid-
ered. In the section above in which the overall frequency of congenital malforma-
tions in diabetic pregnancy was dealt with, in the instances in which the abnormali-
ties were actually named, by my judgment minor and other questionable ones were 
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excluded. One rare example of an author drawing this distinction was Pengally’s 
(1961) noting that patent ductus arteriosus “…can hardly be regarded as an ab-
normality….” Far more common, e.g. was Connor’s (1967) practice of consider-
ing a minor deviation, in this instance a vestigial thyroglossal duct, an acceptable 
malformation and including it with the others found. Of course, only because the 
abnormalities were listed was it possible to discover this inclusion. In the following 
analysis, to avoid argument, only reports will be considered in which data for major 
and minor malformations were explicitly presented separately.

Twenty-seven articles published in the last 40 years of the previous century 
were identified in which such a separation was made. Only nine of them included 
a further vital ingredient, a control group, especially important for examining the 
frequency of minor defects because, compared to the fairly good agreement about 
what is a major congenital malformation, there is near chaos regarding what is reck-
oned a minor one. Hence only the inclusion of a comparably examined control with 
entities equally defined can permit a convincing judgment.

The 27 themselves typified the discord, by taking conditions as falling into this 
category that varied from narrowly delimited to widely inclusive. And as a result the 
frequency of whatever was called a minor defect, or any of its congeners, was found 
to range from 1.3 to 91.0%! The distribution of the percentages was very skewed, 
with 19 of the 27 finding levels of less than 10%, for a mean of 3.3%. The defects 
scored in these instances were probably the most obvious ones, those that might be 
adjudged a major minor.

But only the articles, nine in number, that included controls contributed to the in-
quiry here. In all but one the diabetic group did not have a statistically significantly 
larger frequency of minor conditions than the control. In the exception the defects 
scored (144 ‘minor physical features’) were not individually named, and whether 
the cases and controls differed in type as well as in frequency was not noted and 
could not be determined.

In sum, the level of minor defects was not increased in the preponderance of 
studies of the offspring of diabetic women. So far as the theoretical inference noted 
above is concerned, with respect to insulin dependent diabetes this result may mean 
that minor defects do not “serve as reliable measures of intrauterine teratogenicity” 
(Pinsky 1985), but it was not explained why this might be the case for this category 
of environmental insult and not for others.
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The clinical impression that offspring of women with diabetes have an increased 
occurrence of congenital malformations has a long history. As far back as 1933 
Skipper considered that there was an “unusual tendency for the children of dia-
betics to show congenital abnormalities,” though the evidence—various unrelated 
abnormalities reported in several publications—was too scanty “to allow definite 
conclusions to be drawn.” Attention given to the subject during the ensuing 60 or 
more years largely dwelt on surveys of series of hospital-based births of diabetic 
women; but isolated instances of diabetic women having children with many types 
of malformations continued to be reported as well.

Of them certain malformations received special attention, namely, caudal dys-
plasia, caudal regression/sirenomelia, femoral dysplasia, and holoprosencephaly. 
Reports of the association of these malformations with diabetic pregnancy are con-
sidered in this chapter.

A Specific Diabetic Embryopathy

There have been two views regarding malformations in the offspring of diabetic 
women. One, that they formed no particular pattern but consisted of a cross-section 
of numerous types of defects, which continues to be the prevailing one (Driscoll 
1965; Neave 1967, 1984; Pedersen 1977; Holmes 1992; Weintrob et al. 1996; Cor-
rea et al. 2008; Bánhidy et al. 2010).

Second, that as well as an increased frequency of an assortment of malforma-
tions the offspring of diabetic women have a disposition to particular syndrome of 
malformations, a specific diabetic embryopathy, as it was referred to by Lenz and 
Passarge (1965). [A similar term, embryopathia diabetica, was sometimes applied 
(Mayer 1952) which merely encompassed the long-recognized newborn features 
macrosomia, organomegaly, etc., though was later broadened to include congenital 
malformations generally (Mayer 1964) even as it continued to be used in the origi-
nal sense (Majewski et al. 1979).]
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The name diabetic embryopathy syndrome was applied to a definite abnormality 
array, that of the lower limbs, which at first appeared primarily to consist of defects 
of the leg above the knee (Lenz and Maier 1964; Lenz and Passarge 1965).

This perspective changed when in orthopedic cases sacral defects were found 
about as frequently as femoral ones; which in turn made a change in the name 
of the syndrome necessary, from “caudal regression” to “caudal dysplasia,” and a 
redescription, most commonly hypoplasia of the femur, absence of the sacrum and 
coccyx, or both (Passarge and Lenz 1966).

Then, and finally, a further modification ensued, which excluded femoral defects 
all together, with the entity considered to be composed only of lower vertebral ab-
normalities (Lenz and Kučera 1967).

[The prior emphasis on the femur may have stemmed from the deceptive appear-
ance of the legs of individuals with sacral defects. In many of these instances, espe-
cially of more extreme examples, the legs were held in what was called the frog-leg 
position, being rigidly flexed at the hips and hyperextended at the knees. Despite 
the consequent bizarre appearance of the upper leg the femur was seldom shortened. 
The lower legs also usually appeared abnormal, but this was due not to their posi-
tion but to hypoplasia or absence of muscles supplied by the affected spinal nerves, 
causing atrophy of the calves, giving them a withered look.]

In essence then, the malformations considered to be associated with maternal 
diabetes were those of the lower vertebral elements only, especially their absence. 
Inevitably though, what was meant to be a precise term designating a circumscribed 
anomaly-picture was soon loosened and the concept weakened by tampering and 
addition of an unrelated spectrum of defects of the caudal axis (e.g. Kaplan 1979; 
Ullrich 1979; Welch and Aterman 1984).

Frequency of the Proposed Embryopathy

Another matter to be considered is prevalence of the syndrome. It was estimat-
ed—guestimated perhaps, since how it was calculated was not stated—that this 
anomaly-picture occurred in “possibly about 1%” of infants of diabetic women; 
and further that according to the pooled data of several publications about 16% of 
all individuals with the picture were born to diabetic women (Passarge and Lenz 
1966); figures that were uncritically cited in numerous publications (e.g. Jones 
1988, p. 575; Buyse 1990, p. 297).

These conjectures had but a brief shelf life. The first figure was soon revised, 
in accordance with the analysis the authors made of reports of 48 series of diabetic 
pregnancies that extended over the previous 30 years, which yielded nine instances 
of “caudal regression” in 7101 births, i.e. a frequency of 1.27 per 1000 children of 
diabetic women (Lenz and Kučera 1967; Kučera 1971a). This was 227 times the 
frequency of the condition reported in all births in Czechoslovakia in 1961–1963 
(Kučera and Lenz 1967), but only 4.5 times that in a multicountry control series 
(Kučera 1971a).
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In addition to the many reasons noted by Kučera (1971a) himself to be skepti-
cal of the validity of many of the series he cited, there was one he did not mention, 
namely the frequent misconception of what caudal regression or caudal dysplasia 
comprised, erroneous ideas that stemmed from the writings of Duhamel (1961), 
which will be returned to below.

To give but two examples of such misconceptions, anal atresia and other abnor-
malities, but not lower vertebral ones, were often labeled caudal regression (Miller 
1972; Kubryk et al. 1981; Boutte et al. 1985; Lage et al. 1987; Shanberg and Rosen-
berg 1989); and even more ludicrously, miscellaneous skeletal abnormalities in a 
stillbirth and an abortus called the caudal regression syndrome for no more reason 
it seems than that they were the products of diabetic women (Perrot et al. 1987).

The 16% estimate of affected individuals born to diabetic women was also open 
to criticism. It was based on the information concerning 72 cases of congenital 
sacral abnormalities reported in three articles and a personal communication from 
one of the author (Blumel et al. 1959; Russell and Aitken 1963; Stern et al. 1965). 
Fifty of the cases had been reported by the first of these authors, but only eight were 
their own orthopedic patients, the others being learned of through a postal survey 
mainly of orthopedic surgeons—poorly replied to.

It is important in considering the frequency of these sacral abnormalities to know 
that most persons with them were first reported by neurosurgeons, urologists, ra-
diologists, and orthopedic surgeons, and seen at ages beyond infancy, since these 
conditions were seldom diagnosed at birth (Pang and Hoffman 1980; Borrelli et al. 
1985; Pang 1993; Van Dyke et al. 1995). For example, of the 56 persons whose ages 
were noted in the three papers cited in the previous paragraph, only two were neo-
nates (Stern et al. 1965), the ages of the others when diagnosed or examined ranging 
from 2–41 years. Obviously this means that only the most severe examples of sacral 
abnormalities were recognized at birth, most instances in the general population of 
newborns being overlooked. Hence comparison of the prevalence of such defects 
in these individuals with that in the generally well-examined infants of diabetic 
women was hardly credible.

Case Reports of the Proposed Association

The association of maternal diabetes and a specific malformation complex was first 
proposed in the mid-1960s, hence the following overview refers to reports made 
following that time. In addition, since components of the complex are shared by 
various other entities, of known and unknown etiology (McKusick 1992, vol. 2, 
pp. 1028–1030), to lessen the possible heterogeneity of the material the condition in 
question was limited to sacral absence.

A search of the literature to the end of the last century identified 37 reports of 
41 children with sacral absence born to 40 women with diabetes, many with other 
vertebral and nonskeletal malformations as well (Kalter 1993). Twenty-six of the 40 
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children whose ages were stated were diagnosed at less than 1 year of age, probably 
indicating that they were more severely affected than the majority of individuals 
with this abnormality. This surmise was supported by about 78% of them having 
total absence of at least the sacral elements of the vertebral column (in contrast 
with the smaller percentage in the examples reported in surveys of older patients 
noted below). In part early diagnosis may have been prompted as well by the grow-
ing awareness of the condition, which is attested by the increasing volume of such 
reports: six of the 37 were published in 1968–1969, nine in the 1970s, and 22 from 
1980 to the end of the century. Finally, at least 27 of the 40 mothers of the children 
were insulin dependent diabetic; the status of most of the others was uncertain or 
not relevant.

Such case reports, even when valid, while possibly adding some details to the 
picture of the complex, did little to strengthen the connection between it and the 
disease, characterized as they were by their wholly biased ascertainment. The limi-
tations of case reports for establishing etiology were well outlined by Leck (1993).

With respect to the frequency of the proposed association, the number of such 
occurrences reported during the final 30 years of the last century was but a minute 
fraction of those expected according to the estimate of 1.27 per 1000 offspring 
of diabetic women (Kučera and Lenz 1967). In the US alone, with approximately 
113 million births from 1965 through 1995, and a frequency of insulin dependent 
pregestational diabetic pregnancy of about 5 per 1000 (Chung and Myrianthopoulos 
1975a; Mills and Withiam 1986), over 700 such children should have been born to 
such women in this period. If far fewer were medically reported it may well be due 
to estimates of its frequency being exaggerated.

Retrospective Surveys of Caudal Dysplasia

The validity of the purported association of caudal dysplasia and maternal diabetes 
may be tested by determining the strength of the association in individuals brought 
to medical attention through these abnormalities. In a case-control study this would 
be attempted retrospectively by comparing the frequency of exposure to the im-
puted cause in affected persons with that in persons not so affected. Unfortunately 
it appears that no such comparisons were made, thus one must attempt to judge the 
question by the available information, namely from reports of individuals with the 
complex.

To my knowledge 26 reports of two or more instances of this abnormality com-
plex were reported from 1965 to end of the last century, most of which dealt with the 
orthopedic and urologic problems of 342 patients that stemmed from their vertebral 
defects.

Most of them were older at examination or diagnosis than the subjects of the 
case studies noted above, not surprisingly since most of the reports were made by 
orthopedists, urologists, and radiologists. From which it should follow that more 
extensive defects were rarer among them, which was so, since less than half of the 
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older patients had complete sacral or lumbosacral absence, compared to over three-
quarters of the infants; and also that more of them should have lesser degrees of the 
defect, also true since about 14% of them had only unilateral absence of sacral ele-
ments, i.e. hemisacrum, versus perhaps as few as 3% of the younger cases.

About 15% of the patients for whom such information was presented had dia-
betic mothers, but for most the form of the diabetes and time of onset were not made 
clear. It must be recalled that it was only after 1965 that the supposed association 
of maternal diabetes and caudal abnormalities became known and accepted as fact. 
This cannot be discounted as a biasing factor in directing attention to this possible, 
and sometimes misunderstood, association; as when, e.g. gestational diabetes, so-
called prediabetes, noninsulin dependent diabetes, or even a family history of dia-
betes was sometimes thought apropos (Banta and Nichols 1969; Sarnat et al. 1976; 
Mariani et al. 1979; Pang and Hoffman 1980). These data fell short of supporting 
the suggestion that caudal dysplasia and pregestational diabetes were associated.

A recent report it would seem supported a more positive view (Bruce et al. 
2009). The subjects were nine prenatally diagnosed instances—abortuses and peri-
natal mortalities—of what was called the caudal dysplasia syndrome, discovered by 
searching surgical pathology and autopsy files in the Jackson Memorial Hospital, 
Miami, FL, from 1991 to 2006. Six of the nine had pregestational insulin-dependent 
diabetic mothers, a seventh a pregestational noninsulin dependent mother. Three of 
the six were abortuses (whether spontaneous was unstated), the other three perinatal 
mortalities. One of the three abortuses had an absent lower spine, as did two of the 
three perinatal mortalities. Two facts are obvious. The anomalies were lethal; also 
they were rare, the three reported instances of the syndrome occurring to diabetic 
women in the approximately half million births in the region in that period.

Other apparent instances of the syndrome were seen in infants of women with 
gestational and pregestational diabetes, whether insulin dependent not stated (Mak-
houl et al. 2001; Versiani et al. 2004), the former making the association suspect.

The Caudal Regression Syndrome

Now we return to consider the nature of the term “syndrome of caudal regression,” 
as formulated by Duhamel (1959, 1961), and its evolution as it took on additional 
layers of meaning and came to be applied to the proposed diabetic embryopathy. 
Two issues are intertwined here. The first concerns the original concept, namely that 
there existed a complex of progressively more severe interrelated congenital mal-
formations, the syndrome of caudal regression, and second that one of the features 
of this syndrome, lower vertebral absence, was increased in frequency in diabetic 
pregnancy.

Duhamel postulated the complex to consist of a graded series of malformations—
limb, urogenital, anorectal, and lumbosacral—of increasing severity, extending 
from defects of the anal region at the mildest to symmelia (or sirenomelia) at the 
most extreme. The scheme was based on (a) clinical observations of the frequent 
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association of such malformations in nonsymmelic individuals; and (b) experiments 
with chicken embryos that apparently supported the idea that the comprehensive 
syndrome stemmed from variably localized defects in the formation of the caudal 
region (Wolff 1948, pp. 165–170).

It was Duhamel’s theory (formulated incidentally without reference to ma-
ternal diabetes) that formed the basis of Passarge and Lenz’s (1966) sugges-
tion that “minor malformations of the caudal region of the body [as seen in 
their cases]…were related to symmelia and sireniform monsters in a teratogenic 
spectrum which may include anorectal and urogenital anomalies,” and hence 
that their cases possibly were examples of the caudal regression complex enun-
ciated by Duhamel.

The suggestion that symmelia is sacral regression carried to its utmost degree 
(Passarge and Lenz 1966), later widely accepted (e.g. Källén and Winberg 1974; 
Kaplan 1979; Källén et al. 1992) and even equated with it (e.g. Schwartz et al. 
1982), coupled with the supposition that sacral defects were associated with dia-
betic pregnancy, if taken to its logical conclusion led to the inference that symmelia 
too must be associated with maternal diabetes. This idea will be explored right after 
the symmelia complex itself is considered.

The Symmelia Syndrome

The existence of a sirenoid complex was accepted with little reservation. For 
example O’Rahilly and Müller (1989) wrote that “in less extreme forms, the 
caudal regression syndrome consists of sacral agenesis or merely imperforate 
anus.” In their discussion of the developmental mechanisms of median anomalies 
these authors seconded an older theoretical scheme (Feller and Sternberg 1931), 
which ascribed the features of this complex to the extent of a median defect in 
the caudal region of the early embryo, narrower and shallower defects being as-
sociated mostly with vertebral abnormalities and broader and deeper ones with  
symmelia, etc.

In an extended critique of this theory (briefly summarized here) Gruenwald 
(1947) noted several difficulties with it. First, in Wolff’s (1948) radiation experi-
ments with chicken embryos the initiating cause of the symmelia was localized 
destruction of prospective axial organs, which was not the mechanism initially pro-
posed for the origin of human symmelia (Kampmeier 1927), nor was it of any of 
the mechanisms since proposed (David and Fein 1974; Chappard et al. 1983; Ste-
venson et al. 1986). Second, the theory required that the defects (a) be determined 
in early stages (according to O’Rahilly and Müller 1989; by stage 11, i.e. about 
24 days postovulatory); and (b) their extent and respective locations be unchang-
ing in time—in other words that the parts concerned develop independently of one 
another. But such implied mosaicism, i.e. development without correlation of parts, 
is contrary to what was known about the interdependence of tissues and organ pri-
mordia in the early embryo (Hamburger 1988).
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For these reasons it is doubtful that the several components of the symmelia 
complex can be due to variability in the extent of the putative initial caudal fault, 
and hence that any one or more of them by themselves represented intermediate 
degrees of the so-called symmelic syndrome.

Are Symmelia and Maternal Diabetes Associated?

In support of the claimed connection between caudal dysplasia and maternal dia-
betes, and the almost axiomatic contention that lower vertebral abnormalities and 
symmelia were lesser and greater forms respectively of one and the same syndrome 
of caudal regression, it was proposed that symmelia was also associated with ma-
ternal diabetes (Passarge and Lenz 1966). On the basis of the following facts this 
proposition cannot be accepted.

A search of sources from the mid-1960s to the beginning of the present century 
yielded 76 reports (plus personal communications) of 163 symmelic fetuses and 
infants (including a concordant twin and a sib pair). In 117 of the 120 accounts of 
pregnancies in which information regarding maternal health or the course of preg-
nancy was noted it was made clear or highly probable that none of the mothers had 
pregestational insulin dependent diabetes; and in the other three one mother had 
gestational and two had type 2 diabetes (Stocker and Heifetz 1987; Martin et al. 
1990; Gürakan et al. 1996). [Most recently it was noted additionally that none of six 
instances of symmelia prenatally diagnosed in 1991–2006 occurred in infants of di-
abetic mothers (Bruce et al. 2009)]. Looking further back, of 28 symmelics reported 
in 1927–1964 (Stocker and Heifetz 1987) apparently only one had a known diabetic 
mother, who however was not clearly insulin dependent, and another a mother who 
had received insulin shock therapy for emotional illness.

Considering only the more recent cases with known maternal health status, 
and using the mean of several estimates of the prevalence of symmelia of 1.37 per 
100,000 (Butler and Bonham 1963; Stevenson et al. 1966; Leck et al. 1968; Käl-
lén and Winberg 1974), the cases represent approximately 8.5 million births. Tak-
ing 5 per 1000 once again as the approximate frequency of pregestational diabetic 
pregnancy, among this number of total births over 42,000 should have occurred to 
diabetic women of this type. The apparent rarity of reports of symmelia in these 
diabetic births indicated that its relation to diabetes is minuscule or nonexistent. A 
nonrelatedness further indicated by the dissimilarity of the supposed pathogenesis 
of the two conditions (Jones 1988) as well as by various morphological consider-
ations (Colwell et al. 1991).

Finally, in the innumerable articles published since the 1920s read by this author 
concerned with thousands of pregnancies of diabetic women, five instances of sym-
melia were reported, in three hospital-based and two population-based series (Gellis 
and Hsia 1959; Kučera 1971a; Steel et al. 1982; Vadheim 1983; Becerra et al. 1990), 
not all for certain occurring in offspring of indisputably pregestational insulin de-
pendent diabetic women.

Are Symmelia and Maternal Diabetes Associated?
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Femoral Dysplasia and Diabetes

Following the initial claim of the existence of a specific diabetic embryopathy (Lenz 
and Maier 1964) a large miscellany of isolated instances of congenital malforma-
tions and anomalies was alleged to be associated with maternal diabetes. Some of 
these defects, discussed here and below, were reported often enough to merit some 
attention.

In the light of hindsight it is ironic that the deformities of the very first infants 
considered to form a “special spectrum” (Lenz and Maier 1964; Passarge 1965) 
were not those that later came to represent the typical diabetic embryopathy. As was 
noted above, the first cases reported had femoral abnormalities, not the sacral ones 
that later came to be regarded as the hallmark of the anomaly-picture.

It is probable that Passarge’s (1965) case was actually an example of a separate 
entity, one that has also been alleged to occur nonrandomly in infants of diabetic 
women. This infant, in addition to short femurs, had a pronounced cleft palate, mi-
crognathia, and glossoptosis—i.e. the Pierre Robin syndrome (a photograph of this 
infant appears on p. 999 in Warkany’s 1971 vade mecum), and hence is included 
among the cases with facial abnormalities considered below.

With respect to the femoral defect itself—known especially to orthopedists as 
proximal femoral focal deficiency (Ring 1961)—from 1965 to the end of the cen-
tury, depending on definition, perhaps 18 alleged instances of the condition were 
reported. As with caudal dysplasia these cases were ascertained in various ways. 
They too will be discussed further below.

Facial and Femoral Abnormalitites

In another early report a child, described by Lenz and Maier (1964), with femo-
ral and other long-bone abnormalities, was incidentally also noted to have “a re-
markably long upper lip [and] a cleft palate….” (Kučera et al. 1965). A photograph 
showed that the child had an ‘odd-appearing’ face, not specifically alluded to. This 
child and its features were later recalled by Daentl et al. (1975), and together with 
further instances of this combination of femoral defects and unusual facial features 
(long philtrum, thin upper lip, short nose with a broad tip, etc.) were offered as 
representing a newly recognized entity, named the femoral hypoplasia-unusual fa-
cies syndrome. Up to the end of the century 42 instances or purported instances of 
this syndrome were reported. All were single cases of infants or young children, 
apparently ascertained through their malformations, by pediatricians and clinical 
geneticists. What makes this and the femoral dysplasia syndromes relevant here 
was the presence of diabetes in the mothers of some of the cases. This aspect will 
be considered below. [Incidentally, PubMed listed eight reports of single cases ap-
parently of this syndrome since publication of the first edition of this book (Kalter 
2000), in which various etiologies were postulated, but maternal diabetes in only 
one and that of uncertain form.]
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Are These Different Syndromes?

The distinctiveness of the femoral dysplasia and femoral hypoplasia-unusual facies 
syndromes was also in doubt, many of their facial and other features overlapping, 
so that if they were different entities what demarcated them was unclear. Thereupon 
a tangled web was woven, and untangling it was hardly worth a try, but here goes.

What was perhaps the clue was the unusual facial features in the syndrome so 
named. These consisted of two different assortments of defects, one morphometric 
labeling a face as unusual, and the other of ordinary malformations—cleft palate 
and micrognathia. Both presented problems: the first because it was open to arbi-
trary judgment and because of its possible transience, and the second because the 
defects were frequently present in both syndromes.

There were differences of opinion about diagnosis. In the original delinea-
tion of the femoral hypoplasia-unusual facies syndrome all cases—not surpris-
ingly—unequivocally shared the facial features (Daentl et al. 1975). But opin-
ion was then divided, some felt that two of the original cases may not have had 
the syndrome; others questioned whether it had a separate identity, and even 
doubted that such an entity existed, on the contrary that the supposed unusual 
facial features were typical of the Pierre Robin syndrome (Eastman and Escobar 
1978; Graviss et al. 1980; Maisels and Stilwell 1980; Lord and Beighton 1981; 
Johnson et al. 1983).

The orofacial malformations were also disagreed about. Those in the Pierre Rob-
in syndrome, it was said, comprised a distinct entity, even when associated with 
femoral dysplasia, while also merely being considered additional components of the 
femoral hypoplasia-unusual facies syndrome. In any case cleft palate appeared of 
little use in differentiating the two syndromes (Walden et al. 1971; Holthusen 1972; 
Graviss et al. 1980; Maisels and Stilwell 1980; Hurst and Johnson 1980; Burck 
et al. 1981; Pitt et al. 1982; Johnson et al. 1983).

It seemed best therefore to consider these two supposedly distinct entities as 
one in getting to the nub of the question: their imputed association with maternal 
diabetes. Together, at the time, they amounted to 58 isolated cases of femoral dys-
plasia with or without facial anomalies. Eighteen had diabetic mothers: 12 insulin 
dependent (11 pregestational, one of uncertain onset time), two noninsulin depen-
dent, three gestational, and one described merely as “diabetic.” Thirty of the cases 
had cleft palate, but its conjunction with maternal insulin-dependent diabetes was 
not statistically significant. Ultimately however the question was clouded by biased 
ascertainment.

Some help was perhaps offered by the absence of diabetes in the mothers of 186 
patients with the femoral defect, usually without the facial abnormalities, in three 
orthopedic surveys of affected individuals (Hamanishi 1980; Koman et al. 1982; 
Kalamchi et al. 1985). All in all, much detail and analysis, leading to little.

To return to reality a glance at PubMed found the subject, for better or worse, not 
yet expired, with 34 citations dated from 1986 to 2009, eight from 2001 and later; 
the latest still admitting that its “etiology…is unknown” (Figueroa et al. 2009).

Are These Different Syndromes?
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Other Malformations

An assortment of congenital abnormalities not associated with vertebral defects was 
noted in infants of diabetic women in the later years of the twentieth century. Most 
were without merit and are ignored. One may be mentioned, neonatal small left co-
lon syndrome, a transient functional intestinal obstruction, a report of which (Davis 
et al. 1974) led to further such discoveries (Davis et al. 1975; Berdon et al. 1977)—a 
suspect route of recognition, of course.

Similarly, notification of holoprosencephaly in two infants of diabetic women 
(Barr and Burdi 1978) led to recognizing five further instances of the association 
with one or another of the various forms of the defect. But were dubious, since one 
lacked the brain morphology typical of the condition and two others its usual facial 
features, in fact with various abnormalities unrelated to the supposed diagnosis. 
Further recognition of the association followed, namely, personal communication 
of nine other such occurrences. And last, three additional instances (including two 
of the seven noted above) identified through retrospective surveys of 189 diabetic 
deliveries at two medical centers, in sum suggesting a frequency of at least 1% for 
this condition in the infants of diabetic women.

As Barr et al. (1983) carefully pointed out, the evidence for the suggestion came 
solely from tertiary-level referral hospitals, and was thus open to the various biases 
residing in information from such sources. Therefore, the tacit assumption that their 
estimate of the frequency of the condition in diabetic pregnancy was greater than 
that in the general population presented problems from the start. Several variables 
affecting the prevalence of the condition at birth (Cohen 1989) further clouded this 
proposal.

Findings in genetic and abortion studies of holoprosencephaly may be noted. In 
30 families of 32 patients two mothers were juvenile diabetics, and their children 
had less severe forms of the condition (Roach et al. 1975). Chromosomes were 
not examined, but neither case was considered of karyotypic origin. In a second 
study the mothers of 150 induced abortuses with holoprosencephaly had diseases of 
various sorts no more commonly than did matched controls (Matsunaga and Shiota 
1977).

Population surveys of holoprosencephaly suddenly became popular in the mid-
1990s, 381 occurrences with frequencies of 0.5–1.2 (mean 0.7) per 10,000 live- and 
stillbirths being reported. The most recent estimate, derived from a population-
based register of congenital malformations in 1985–1998 in the north of England, 
found a prevalence including pregnancy terminations of 1.2 per 10,000 registered 
births (Bullen et al. 2001).

The available information regarding its associaton with insulin dependent diabe-
tes indicated a frequency of 19 per 1000, much larger than the usual overall popu-
lation level. But since holoprosencephaly has a heterogeneous etiology—chromo-
somal, syndromic, monogenic, nongenetic, etc.—without further information the 
purported association remained unresolved (Martínez-Frías et al. 1994; Croen et al. 
1996; Rasmussen et al. 1996; Whiteford and Tolmie 1996; Olsen et al. 1997).
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Bringing the record up to date, a search of PubMed from 2000 to mid-2010 
dredged up the astonishing number of 701 citations in which the term holoprosen-
cephaly was mentioned, of which possibly three noted unspecified diabetes as a risk 
factor (e.g. Croen et al. 2000).

To round out the discussion we note that the condition known as holoprosen-
cephaly is in fact a general term for a series of progressively more severe median 
abnormalities of the face and fore- and midbrain (DeMyer et al. 1964). As the term 
cyclocephaly, originally proposed by Saint-Hilaire (1832–1837, vol. 2 pp. 423–24), 
intimated, the series of defects culminated in cyclopia, which displayed a single or 
partially divided median eye in one orbit and a large anterior cerebral cavity (see 
Kalter 1968 for an illustration of a cyclopic horse published by Orr 1888).

Which leads to this proposition: If cyclopia was the extreme expression of holo-
prosencephaly, as symmelia was said to be that of the caudal regression syndrome, 
and if holoprosencephaly, as claimed, was associated with maternal diabetes, it fol-
lowed that cyclopia should also be so associated. Population surveys of the con-
dition might be helpful with this question. Cyclopia, like symmelia, is rare. An 
overview of more than 10 million births in various countries since 1965 revealed 
perhaps 121 instances of cyclopia, for an estimate of about 1.2 per 100,000 (Källén 
et al. 1992). Later, more precise estimates reported a total of 28 cases in slightly 
over 4 million births, giving a mean frequency of 0.69 per 100,000 live- and still-
births (Croen et al. 1996; Rasmussen et al. 1996; Whiteford and Tolmie 1996; Ol-
sen et al. 1997). The condition of the mothers of these cases unfortunately was not 
stated. The earlier survey (Källén et al. 1992) found that in four of the occurrences 
maternal diabetes was recorded; but absence of information about the specific ma-
ternal disease made this number unhelpful. Skepticism is supported by the rarity of 
cyclopia in diabetic pregnancies in hospital-based reports; only four were discov-
ered in articles published from the 1920s to the present: one in births at the King’s 
College Hospital in London during 1951–1960 (Seligman 1963), one in 1950–1984 
in the maternity hospitals of Dublin (Drury 1966), and two from India, whose moth-
ers, said to be diabetic, turned out to be a gestational and a noninsulin dependent 
diabetic (Soni et al. 1989).

Conclusion

In evaluating the alleged association of malformations and diabetes, especially as 
made through case reports, it is obviously pertinent to recall that both congenital 
malformations and diabetes are common human afflictions. The relatively great fre-
quency of the former has been mentioned often above (Kalter and Warkany 1983) 
and diabetes too is hardly less prevalent (Harris et al. 1987). Considering these 
facts, as well as the largely biased nature of the conduct of the majority of the case 
studies outlined above, it must be concluded, being extravagantly generous, that the 
evidence at most but barely suggested a causal relation between maternal diabetes 
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and the various congenital malformations the condition has been alleged to be as-
sociated with.

Finally it must be said that association of specific congenital malformation pat-
terns with maternal diabetes, as surely must be recognized intuitively, cannot be 
established by isolated reports of their concurrence. It is only by careful analysis 
of well-described surveys of unselected diabetic pregnancies, supported by me-
ticulously conducted epidemiological efforts, that definitive conclusions regarding 
claims that they are causally related may perhaps be arrived at.
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It will be useful in probing questions regarding diabetic pregnancy and its outcomes 
to review the activities of the most prominent of the US and European medical 
centers devoted to them, in order to look into the questions of interpretation and 
analysis.

The Joslin Diabetes Center

The first facility for the study and care of diabetic individuals, and still active today, 
was the Joslin Diabetes Center in Boston (originally named the Baker Clinic). By 
1915, after 17 years, Dr. Elliott P. Joslin had treated about 650 severely affected 
female patients, of whom only 10 had become pregnant. This infertility greatly 
improved with the introduction of insulin. By the 1950s over 1000 viable diabet-
ic pregnancies had been followed in the clinic, which by 1978 had reached 2307 
(White 1978).

In an early summary of the outcome of the 125 consecutive completed diabetic 
pregnancies in 1936–1942, 115 of which occurred in women whose disease predated 
the index pregnancy, 20 infants were reported with “congenital anomalies” (White 
and Hunt 1943). This high frequency, of over 17%, as already noted, was clearly 
the result of including ineligible items, such as “cretinism, feeble mindedness, and 
Mongolian idiocy;” a figure later augmented to an unrealistic 80% by including 
every conceivable defective state found at various ages of childhood (White 1952), 
as confirmed in White’s interview with Rubin and Murphy (1958) noted above.

In the publication introducing her convenient scheme for grading diabetic pa-
tients according to the prepregnancy state of the disease, White (1949) reported 439 
pregnancies personally observed during the preceding 15 years. Since the clinic 
was a referral center it is not surprising that the great majority (95%) had insulin-re-
quiring severe grades of diabetes. In this report however only the congenital defects 
found in the 78 perinatal mortalities (17.8% of those born) were reported, 2.9% in 
the stillbirths and 16.0% in the neonatal deaths.

H. Kalter, A History of Diabetes in Pregnancy, 
DOI 10.1007/978-94-007-1557-8_13, © Springer Science+Business Media B.V. 2012
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The next report of relevance was published 10 years later (Gellis and Hsia 1959), 
but mentioned only the congenital malformations associated with the neonatal 
deaths, 12.5% of 104, somewhat less than was found earlier. The deaths were au-
topsied and the malformations listed (Driscoll et al. 1960).

A later account provided some general data, but still had various gaps (Hubbell 
et al. 1965). It dealt with 504 pregnancies of diabetic patients of the clinic who 
delivered at the Boston Lying-in Hospital in 1959–1964, almost all of whom were 
insulin dependent. A control group of sorts consisted of consecutively delivered 
premature infants, i.e. of 2500 g birthweight or less, born in the same hospital to 
nondiabetic women in 1962–1964.

Both groups were part of the Collaborative Perinatal Study of the National In-
stitute of Neurological Diseases and Stroke (as it was then named), and probably 
conformed to its protocols for examining newborns, stillborns, etc. (Niswander and 
Gordon 1972). But the malformations were not listed, which made it impossible to 
judge the acceptability of the assertion that “significant” malformations occurred in 
13.5 and 6.5% of the test and control groups, and were the primary cause of neona-
tal death of 25.6 and 7.1% respectively. Findings obviously useless for judging the 
matter in question here.

The most ambitious investigation undertaken up to that time (and perhaps even 
to the present) to look into the possible teratogenic effects of maternal diabetes was 
made by Neave (1967), mentioned here because almost half of the subjects of the 
study were Joslin Center patients. It is considered below.

A rather different chapter in the story came with a prospective survey of neural 
tube defects in 18,155 live- and stillborn infants born in 1972–1975 in the Boston 
Lying-in Hospital (Holmes et al. 1976). Of them 283 were born to women said to be 
diabetic, i.e. 15.6 per 1000, a frequency far higher than usual (Kalter and Warkany 
1983), partly due to many being Joslin Center referral patients, but possibly also to 
inclusion of other forms of diabetes. In the upshot there occurred one instance of 
a neural tube defect, 0.35%, compared with 0.14% in the presumably nondiabetic 
remainder, hardly of significance, especially in light of the various questionable 
matters in this investigation.

Carrying the Joslin Clinic series forward was a report of 175 diabetic pregnan-
cies in 1975–1976, as usual, with no control group mentioned (Kitzmiller et al. 
1978). Twelve percent aborted spontaneously, another 4% were electively aborted, 
about half after routine scanning revealed anencephalus. Malformations were found 
in 8.4% of the remaining offspring, including the abnormal induced abortuses. But 
since the condition of the others was not mentioned it was misleading to include 
any of them, which omitted gave a frequency of 6.8%. Two neonates had persistent 
ductus arteriosus, not ordinarily considered a serious abnormality since it frequently 
closes soon after birth. It was also left unconsidered that 16 of the women had 
gestational diabetes, and there being no major malformations in their infants, the 
malformation frequency in the pregestational diabetics (omitting anencephalics and 
the ductus) was therefore 5.3%.

Overlooked as possibly contributing to the high frequency of anencepha-
lus—3/159 (i.e. minus the offspring of the gestational diabetics) or 18.9 per 1000—
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is the fact that Boston had a considerable population of Irish ancestry, an ethnic 
group with a history of one of the highest newborn prevalences of neural tube de-
fects in the world, in Boston as in Ireland (Naggan and MacMahon 1967; Coffey 
1974). In this connection it is apropos to note that the clinic patients were predomi-
nantly white. Whether the increased anencephalus and overall malformation fre-
quencies were related to the possibly biased ascertainment of the diabetic patients 
might have been answered by including a suitable control group.

Later studies dealt with the association of glycosylated hemoglobin level in ear-
ly diabetic pregnancy and frequency of congenital malformation and spontaneous 
abortion, and sonographic diagnosis of malformations in diabetic pregnancy (Miller 
et al. 1981; Greene et al. 1989; Greene and Benacerraf 1991). These questions and 
related matters are addressed elsewhere in this work.

Malformations were next considered in patients who entered the glycemic lev-
el study in 1983–1987 (Greene et al. 1989). Omitting the spontaneous abortions, 
17.2%—not an unexpectedly high rate—the frequency of congenital malformations 
in the remainder was 8.0%. All were called major but by no stretch of diagnostic 
imagination could six of the 19 different ones fit that designation (bifid thumb, 
undescended testicle, urethral cyst, etc.). As explained elsewhere in this work the 
malformation frequency in mortalities and survivors must be addressed separately. 
Doing so in this case was foreclosed because the total number of the former was 
not disclosed. Of those not fatal half were of minor varieties, whose omission left a 
malformation frequency of 2.4%, not unusual.

A search for later Joslin clinic reports on this subject came up empty handed.

Other American Studies

It is strange that aside from the Joslin Clinic in Boston few American clinics and 
hospitals have carried on long-term programs devoted to charting progress in the 
study and care of pregnant diabetic women, and most of these few entered the field 
fairly late.

An exception were studies from the University of Iowa Hospital at Iowa City, 
the first report from which appeared very early in this unfolding saga. It described 
the outcomes of pregnancies in 1926–1938 of 33 insulin requiring diabetic women. 
The seemingly high incidence of diabetes noted of 3.6 per 1000 hospital pregnan-
cies was attributed to the patients’ being a selected group. Apparently no congenital 
anomalies were seen, but not all the perinatal mortalities were autopsied (Mengert 
and Laughlin 1939), not a promising beginning.

Thirty-one years passed before the appearance of the next report, of 334 off-
spring born to diabetic women. A large number of the women apparently were 
referred, but no reason was given for any of the referrals. Congenital defects, un-
designated except that no “particular defect predominated,” affected 3.9%, again 
without further details, making for an unsatisfactory account (Delaney and Ptacek 
1970).

Other American Studies
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The most recent report from this hospital, so far as can be determined, was pri-
marily concerned with evaluating the postnatal development of 80 children of dia-
betic women, about 76% of whom were insulin dependent. Twenty of the children 
had abnormalities, mostly trivial or minor, supposedly found in the neonatal period, 
but several were probably diagnosed only postneonatally. The definition and means 
of detecting abnormalities were not spelled out. One abnormality, an L5–S1 fu-
sion—thought possibly to represent a partial expression of the caudal regression 
syndrome—was no doubt found by x-ray examination, but what prompted that pro-
cedure and at what age it was done were not stated. Because of such considerations 
the frequency of major malformations in these children could not be calculated. 
Little, in fact, was certain other than that four of the nine neonatal deaths had major 
defects (Stehbens et al. 1977).

Reports from the Los Angeles Women’s Hospital, the first only in the mid-1970s, 
had the shortcoming of naming only the malformations occurring in some of the 
mortalities, with the possible exception of one instance of sacral absence (Gabbe 
et al. 1977, 1978; Artal et al. 1983; Golde et al. 1984). No further reports from this 
center have been located. Fashions had changed.

Cincinnati Studies

A series of studies of pregnancies of insulin-dependent women made at the Uni-
versity of Cincinnati Medical Center extended into the 1990s. The reports began 
with a comparison of the effects of two treatment protocols instituted consecutively 
in 1956–1978 (Ballard et al. 1984). In all, 19 of the 176 infants had congenital ab-
normalities, mostly unnamed, but the admissibility of at least a third of them was 
dubious for different reasons; e.g. one was a chromosomal anomaly and another a 
persistent ductus arterious, whose fate beyond the age of examintion at 3 days was 
unknown. Focusing on three other defects, labeled caudal dysplasia, is instructive, 
one of which had sacral absence, another sacral vertebral abnormalities, and the 
third lower-limb defects, an example of the lumping of heterogeneous conditions 
under a single misleading rubric, as had been warned against (Benirschke 1987; 
Källén et al. 1992).

There was a puzzling difference between the earlier and later treatment periods. 
Before 1970, in the years when management consisted of the customary practice 
of the time, only one abnormality was noted in 69 offspring, a mere 1.4%, the 
ductus arteriosus already mentioned; while in the years after 1970, when “a more 
rigorous approach to diabetic control was undertaken,” 16.8% of the offspring were 
malformed, with no explanation of the vast difference and no listing of the defects 
discovered beyond that mentioned above.

Succeeding studies from this ongoing program, covering different successive pe-
riods, also had conflicting results. The earliest reported a polydactyly (Lavin et al. 
1983), a defect, though not further characterized, fairly common and usually neg-
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ligible in blacks (e.g. Altemus and Ferguson 1965), a group that comprised a large 
proportion of the diabetic patients of this center (Neave 1967).

A lengthier series reported 205 infants of recruited insulin dependent diabetic 
women prospectively collected in 1978–1986, 13 (6.3%) with major malformations, 
predominantly cardiovascular, and three labeled caudal dysplasia, but apparently 
not including sacral absence, the supposed hallmark of the diabetic embryopathy 
(Miodovnik et al. 1986, 1988). Routine ultrasonography was performed in the 2nd 
trimester and thereafter to detect malformations, but whether any was discovered in 
this way was not mentioned.

The most recent reports of concern here, noting benefits to diabetic patients en-
rolled in a specialized prepregnancy program, included data regarding spontaneous 
abortion and malformation frequency (Rosenn et al. 1991, 1994; Miodovnik et al. 
1998), are discussed elsewhere in this account.

London Studies

Another venerable center for the study of diabetes in pregnancy was the King’s 
College Hospital in London, England. With the exception of an early publication, 
not until recently were its reports relevant to answering the questions of concern 
here. In 1942–1999 it surveyed 142 diabetic pregnancies and found nine, 6.3%, 
instances of “more serious” malformations (Peel and Oakley 1949). How many and 
which of these may have occurred in the considerable perinatal mortalities (25.5%) 
was not stated. The 6.3% was compared with the 0.9% in nondiabetic pregnancies 
in the same hospital during these years, and though it was implied that little trust 
could be placed in the latter figure it was felt that an increase could not be doubted. 
Exaggerated risk estimates based on such unrealistic background frequencies are 
not exceptional, as will be noted below.

A different opinion was expressed next. Reported were 201 pregnancies of 176 
patients with preexistent diabetes in a series consecutive to the one just noted (Clay-
ton 1956). Although the perinatal death rate continued to be high, a “disastrous” 
27%, the possible role of congenital malformations in contributing to it was mini-
mized because it was felt that “such abnormalities are seldom gross enough to cause 
intrauterine death, and the malformed foetus is usually born alive.” [This judgment 
was partly right since the larger the perinatal death rate, in diabetic as in nondiabetic 
pregnancy, the smaller generally is the proportion due to congenital malformations, 
as was sagely noted by an author cited below.] The only malformations mentioned 
at all were those in five neonatal deaths, with the remark that their pattern varied 
greatly. This changed view was perhaps influenced by a pathology study in which 
congenital anomalies were not significantly more frequent in autopsied specimens 
from diabetic than nondiabetic pregnancies (Cardell 1953). A later report, of little 
helpfulness, stated that in 1958–1963 there were just four instances of significant 
(though unnamed) fetal abnormalities in 31 perinatal deaths (Oakley 1965).
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The next communications were brief, but brevity was their least failing, since 
they reported results of examinations only of older children using a definition of 
anomaly that was unacceptably broad (Watson 1968, 1970).

Equally unhelpful was a report noting that in 1968–1972 seven infants from 
diabetic pregnancies were born with severe congenital abnormalities since the total 
number of such births during this period was not clearly stated (Essex et al. 1973). 
The report evaluating the significance of elevated glycosylated hemoglobin in dia-
betic pregnancy (Leslie et al. 1978) will be discussed below.

The most recent account, it seems, from this center, overlapping the previous 
one, reported 294 consecutive diabetic pregnancies in 1968–1976, including 34 ges-
tational ones, all births presented together (Gamsu 1978). All told 20 infants, 6.8%, 
were said to have severe congenital abnormalities, seven in the 13 neonatal deaths, 
but the lumping of the diabetes types hindered the analysis.

Brief mention of congenital malformations (Essex 1976; Essex and Pyke 1979) 
noted that they were the commonest single cause of perinatal death in diabetic preg-
nancy in the hospital and that their overall 7% frequency in 230 such deliveries in 
1971–1977 contrasted with the 2.5% found in a control group reported by Watson 
(1973) in an unpublished thesis, a comparison not to be taken seriously.

A note from another London hospital, Guy’s Hospital, dealt with the familiar 
topic of sacral agenesis in older children (Wilmshurst et al. 1999). Remarked upon 
was the bimodal distribution of the ages of the affected children, one peak at less 
than 1 year and the other at 4–5 years; and that 12 of the 22 children had mothers 
with pregestational insulin dependent diabetes. It was stated in passing, without 
considering its outdatedness, that the association of the anomalies with maternal 
diabetes was “well recognized,” citing estimates of its occurrence in infants of dia-
betic mothers that had long been repudiated (Passarge and Lenz 1966). Years later it 
was admitted that no cause of the condition had as yet been determined (Adra et al. 
1994; Boulas 2009).

Edinburgh Studies

The first report from the Simpson Memorial Maternity Pavilion in Edinburgh men-
tioning malformations in diabetic pregnancy recorded only one such occurrence, 
an anencephalus in 16 perinatal mortalities in 1950–1953 (Rolland 1954). Years of 
studies followed, beginning with a general article whose predominant interest was 
the later development of children born to women “known to have diabetes mel-
litus” (Farquhar 1959); thus the physical abnormalities found (though unnamed) 
were those largely inferred to have been present at birth. In the first of these reports 
such conditions were found in 10 of 93 children when reexamined at older ages. 
This seemingly large frequency nevertheless furnished no comparson with the state 
of the children of 93 matched nondiabetic women, 13 of whom had abnormali-
ties, especially since one of the index children had Down syndrome and two others 
“mental defect.”
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The upshot of the analysis of an enlarged series of babies of diabetic women born 
in 1948–1959 continued to be negative (Farquhar 1965). Those that died perinatally 
and a like number of randomly selected perinatal mortalities of nondiabetic women 
were compared and found to have similar frequencies of congenital malformations.

The next, apparently the final report, further enlarged the series (Farquhar 1969). 
The entire sample consisted of 329 children born in 1948–1966 to diabetic women 
89% of whom were insulin dependent. Five of the 69 perinatal mortalities had mal-
formations, none cardiovascular, as determined by the pediatric pathologists con-
ducting the autopsies “with care,” in whose opinion heart defects would not have 
escaped detection, even in the 28 macerated fetuses! These five plus the 10 malfor-
mations found in survivors, many examined at ages up to 18 years, that were likely 
to have been seen or diagnosed neonatally, gave a malformation frequency of 4.6%. 
The author concluded, based on the control data in his 1965 paper, that though “no 
difference in incidence was found, the nature of the defects in the diabetic group 
were more serious,” an opinion commented on below.

The writer also recognized and called attention to the significant fact that the 
geographical variations that occurred in the frequency of certain congenital mal-
formations in the general population may be reflected in the outcome of diabetic 
pregnancies, which despite being exaggerated maintained the regional variations. 
Thus in the sample the frequency of anencephalus was 4 in 329 or 12.2 per 1000 
total births, while the population frequencies in Scotland in the years 1939–1958 
and 1956–1966 were 2.6 and 2.8 per 1000 respectively (Record 1961; Elwood and 
Mackenzie 1971). This accords with the relation, e.g. in Copenhagen between the 
albeit lower anencephalus frequency in diabetic pregnancy of 4.7 per 1000 (Møl-
sted-Pedersen et al. 1964) and the overall one in that city in 1959–1961 of 1.6 per 
1000 (Villumsen 1970). The question of the role of perinatal mortality in this appar-
ent difference will be considered below. Increased occurrence of this malformation 
was not always the case however, as will be seen below in an account of neural tube 
defects in diabetic pregnancy.

Since Farquhar’s articles (1959, 1965) focused on the follow up of children to 
older ages its results will be discussed in a chapter concerned with this aspect. Later 
studies from the Edinburgh center dealt mainly with the ameliorative effects on 
fetal maldevelopment of metabolic control of maternal diabetes begun very early 
in pregnancy or even before conception, again described below (Steel et al. 1982, 
1984a, b, 1989, 1990).

Birmingham Studies

The earliest report of diabetic births in Birmingham was a brief note regarding 69 
children of women with “frank” diabetes in 1960–1961 in the Maternity Hospital 
(Dunn 1964). The only malformation noted occurred in one of the 12 perinatal mor-
talities, a frequency apparently low compared with the 22.2% in perinatal mortali-
ties of nondiabetic women born in the hospital during this period.
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Not long afterward a further brief report noted a 5.8% frequency of unnamed 
congenital malformations in diabetic births in 1950–1964, but with details so sparse 
as making judgment difficult (Malins 1968). A fuller summary came 10 years later, 
of a succesively larger number of births in several intervals in 1950–1974, the total 
being 701, the congenital malformation frequency 8.1%, with 45.6% of the defects 
fatal, leaving according to my calculation 3.7% in survivors, all other things being 
equal; see below (Malins 1978). The most frequent were cardiovascular malfor-
mations, 2.3%, and neural tube defects, 1.2%, of all births, respectively; as well 
as three undescribed occurrences of the “caudal regression syndrome,” said to be 
“about four times the expected incidence,” the basis of which not stated. No other 
defects were named. A final comment had the consequence of leaving the number of 
insulin-dependent women vague: 1.7% of infants of women with “mild ‘chemical’ 
diabetes, i.e. White’s class A, were deformed though none died.”

An interim report confused the picture by reporting findings at overlapping times 
and also by muddying the composition of the diabetes types (Day and Insley 1976). 
Concerned were the outcomes of 205 babies born in 1969–1974, over half those of 
women of insulin dependent pregestational type, the others of type 2 and gestational 
diabetics. As a novelty malformations were defined: those causing death, needing 
surgical correction, or likely to lead to deformity or handicap classed as major, all 
others minor or posing insignificant problems.

This elaborate effort at categorization was for nought, since the malformations 
composing the supposedly increased frequency in the offspring of the insulin de-
pendent women, 9.4%, were barely specified; but see below. However by dedging I 
found that 8.3% were perinatal mortalities, of which 41.2%, were malformed; thus 
2.1% of the survivors were malformed, not different from the control. The minor 
malformations, not named, were relatively few.

A look at the malformations reinforced the conclusion, some whose admissi-
bility as a serious abnormality being disputable: a microcephaly, which, as will 
be discussed below, is not often easy to diagnose; and two occurrences of patent 
ductus arteriosus, whose inclusion may be questioned since children only up to the 
age of 10 days were examined and anatomical closure of the ductus, which is fre-
quent, may not occur until 2–3 weeks following birth (Taeusch et al. 1991). Omit-
ting these, as noted, gave a malformation frequency not significantly increased. And 
the same was true of the malformation frequency in the offspring of type 2 women.

Now came a bit of a mystery, a publication by Soler et al. (1976) which pre-
ceded but repeated the findings given in Malins (1978), as well it seems as partly 
duplicating those reported by Day and Insley (1976). But because of the ways the 
malformations were listed, in the two jointly authored articles, it was impossible 
to establish exactly which were duplicated. For example, the malformations listed 
included some not eligible to be considered major, including two instances of patent 
ductus arteriosus and an isolated microcephalus. Others also probably misclassified 
were meconium ileus (apparently unaccompanied by other symptoms), congenital 
heart block, a condition frequently without obvious evidence of cardiac maldevel-
opment, and furthermore compatible with a long and active life (Warkany 1971, 
p. 583), and Hirschsprung disease, whose frequent familial occurrence suggested 
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possible genetic involvemen. Discounting these malformations still further reduced 
the significance of the findings. A full description of this study is found below.

Moving forward, in 84 consecutive insulin dependent diabetic pregnancies in 
1974–1997 there was again a supposed increased frequency of major malforma-
tions, over one-third of which occurred in perinatal mortalities (Soler et al. 1978). A 
flavor of the observations may be gotten by noting that two of the abnormal children 
had the Ellis-van Creveld syndrome (already reported by Soler et al. 1976; Day and 
Insley 1976), a relatively uncommon condition whose double occurrence and the 
high rate of consanguinity in parents of such cases strongly suggested recessive 
inheritance (Warkany 1971, p. 793); though Soler et al. (1978) seemed not to recog-
nize this possibility and thus did not mention whether the two children were related.

A report summarizing some results of the Birmingham studies (Wright 1984) 
noted that malformations in fatalities were 4.5% of all diabetic births in 1974–1999, 
approximating that found in earlier years, a statistic less useful than the proportion 
malformed of all the perinatal mortalities would have been.

Later reports from Birmingam were few. Outcomes of pregnancy in insulin 
dependent diabetic women attending a university teaching hospital in 1990–1997 
whose illness was complicated by nephropathy can be briefly summarized (Dunne 
et al. 1999a). In the 21 pregnancies there were no stillbirths, two neonatal deaths, 
and one presumably liveborn infant with skeletal malformations, all with frequen-
cies said to be much greater than in births in the hospital population in this period, 
a mode of comparison irregular and unacceptable.

Also in a teaching hospital, outcomes were compared of pregnancies in pre-
gestational and gestational diabetes in 1990–1988 in Indo-Asian and Caucasian 
women (Dunne et al. 2000). Congenital malformations occurred only in so-called 
established diabetes, by which was meant type 1 and type 2, but the confused man-
ner of presenting the facts regarding their occurrence made estimating frequency a 
guesswork. It appeared that in whites with the established forms combined, if one 
may venture a stab at it, the frequency was 5.4%, with some unclear proportion oc-
curring in the fatalities. In the others, Indians, Pakistanis, and Bangladeshis, again 
in the types combined, it was 8.1%. There were no stillbirths or neonatal deaths 
in these groups, so I would imagine that the few malformations were not of ma-
jor kinds. Spontaneous abortion, not surprisingly, occurred only in the established 
pregnancies, 13.5% of the former and 9.1% of the latter, neither unusual; and of 
course none in the gestational diabetics. Nothing more on this subject from this 
region was forthcoming in recent years.

Northern Ireland Studies

The earliest studies of pregnancies of diabetic women in the Royal Maternity 
Hospital in Belfast, as in many described above, were principally concerned with 
maternal management and secondarily with the excessive offspring mortality. The 
findings were typical of many to come (Stevenson 1956). In the pregnancies in 
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1940–1955, of predominantly pregestational insulin dependent diabetic women, 
3.3% spontaneously aborted (a surprisingly small and therefore suspicious number) 
and 25.8% ended in perinatal death. Congenital defects were seen in 5.8%, but none 
was named except for a meningocele in a neonatal death and an undescribed “foetal 
abnormality.” Those in survivors were not mentioned.

The next report years later noted that despite good prenatal care the offspring 
mortality rate continued to be an increased (Harley and Montgomery 1965). It dealt 
with 115 offspring of mostly insulin dependent diabetic women delivering in 1956–
1966, almost all referred from the diabetes clinic of the Royal Victoria Hospital, 
although without explicit indication of degree of illness. The 11.3% perinatal death 
rate, from a larger perspective was not unusual, but that of spontaneous abortions, 
5.2%, on the contrary again seemed oddly low. Congenital malformations were 
found in 4.7% of infants (two cardiovascular malformations in survivors, one ab-
sent kidney in a neonatal death, two hydocephaluses, one with lethal defects, no 
others mentioned). The absence of controls made this figure unclear, but obviously 
the level was not impressive.

The high prevalence of diabetic pregnancies, about 6.6 per 1000 deliveries, the 
same as in earlier years, meant that the sample of women attending the hospital may 
not have been representative of diabetic women in Northern Ireland; as was perhaps 
true of many referral centers.

By the next report the situation had changed. The mortality rate had decreased 
and attention turned to the residual cause of death, prenatal maldevelopment, so 
much so that it was titled “Congenital malformations in infants of diabetic moth-
ers;” these being defined as structural abnormalities present at birth and recogniz-
able with the naked eye, by x-ray examination, or at necropsy, and divided into 
more severe, i.e. causing death or affecting a major organ system and resulting in 
serious incapacity, and less severe, not explicitly defined (Glasgow et al. 1979).

In 1963–1978 there were 195 consecutive pregnancies of referred diabetic wom-
en, none of class A, most treated with insulin. Of them 11 aborted (3 induced), 
and 19 of the remaining 184 had congenital malformations, 11 considered major, 
7 in the 23 perinatal mortalities. Thus, of the 161 surviving newborn 2.5% were 
malformed, obviously not an excess; as was true also of the abortion rate. Four of 
the fatalities had cardiovascular defects and two anencephalus, the rate of the lat-
ter, 10.9 per 1000, apparently larger than the 3.95 per 1000 in the general Belfast 
population in that era (Elwood 1970, 1975), the excess owing perhaps to the women 
being a selected group.

Clouding the whole picture were the great regional variations within the city 
in the frequency of this defect and the high frequencies in women with abnormal 
reproductive history (Elwood and Elwood 1984). The authors felt it improbable 
that the anencephalies was related to the diabetes, rather that they reflected its high 
incidence in Northern Ireland as a whole. As for the cardiovascular defects there 
seemed to be no such doubt.

A further study (Traub et al. 1983) somewhat muddied things, since it surveyed 
diabetic births in years overlapping those examined by Glasgow et al. (1979), mak-
ing it difficult to know whether the observations noted were additional or duplicat-

13 Diabetes Center Studies



113

ing. It bears discussing nevertheless. In 1972–1981 there were 169 pregnancies of 
insulin-dependent diabetic women at the maternity hospital, 14% tranferred from 
elsewhere for various reasons, 7 ending as spontaneous abortions, the 4.1% still 
low, in the remaining 162, including twins, born after 28 weeks, 7, 4.3%, were 
perinatal deaths, 4 with cardiovascular defects, including 1 with multiple defects. 
as well an anencephalus in a terminated pregnancy; also 4 other heart defects and a 
sacral agenesis. At least half the total of 11 major defects were lethal, the frequency 
in the survivors thus being about 3.7%.

A further report, of diabetic births in 1979–1983, enlarged the purview by adding 
those from numerous other Northern Ireland obstetrical units (Traub et al. 1987). 
In the total of 221 pregnancies 15 conceptuses had major congenital malforma-
tions and four minor ones, but only the defects in the four prenatally diagnosed and 
therapeutically aborted were named. Omitting the 17 spontaneous abortions gave a 
major malformation rate of 7.4%. This was compared with the 2.5% malformation 
frequency in the overall population, a procedure that hardly satisfied the need for a 
well-matched control, especially since the most glaring residual problem, the over-
all diabetic perinatal death rate, approached the background level.

Despite a diligent attempt to trace all such patients, the prevalence of pregnan-
cies in diabetic women was a low 1.6 per 1000 total deliveries, Agreeing, the au-
thors commented, “It is disappointing that current record systems seem to be so 
inadequate….” Yet this may have been a true rate.

A later report, a brief summary, mentioned that major congenital malformations 
of about 11% occurred in offspring of insulin dependent diabetic women in 1979–
1986, but aside from the cryptic remark that “half were potentially fatal” only the 
two anencephalies in induced abortions were named (Hadden et al. 1988). And yet 
the writers complained that another author’s report was “incomplete.”

Outcomes of pregnancies in numerous obstetrical units in 1985–1995 were re-
ported separately for type 1 and gestational diabetic women (Hadden et al. 2001). 
In the former there were 17.4% spontaneous abortions and terminations combined, 
3.8% perinatal mortalities, and 5.3% congenital malformations; the latter included 
those in the perinatal deaths, which were not named separately. It is a reasonable 
guess that a significant fraction of all the malformations occurred in the deaths. To 
reiterate, it is only by considering malformations in deaths and survivors individu-
ally that the fetal consequences of diabetic pregnancy can be truly evaluated.

For no discernable reason the outcomes of pregnancies in 2002–2003 of women 
with type 1 and type 2 diabetes in all maternity units in Northern Ireland, England, 
and Wales were incongruously admixed (Macintosh et al. 2006). There were a total 
of 2400 offspring, a prevalence of 3.8 per 1000 pregnancies. Despite the growing 
numbers of women diagnosed with type 2 almost three-quarters were type 1, the 
former more often borne by minority ethnic woman. Regardless of other differences 
between them, the two diabetic types did not differ in perinatal death rate, 3.2%, 
and little in congenital defects, 4.7% in type 1, 4.3% in type 2; though as the listing 
made explicit an appreciable number were not major ones. The frequencies of the 
two commonest and doubtlessly major defect types, comprising almost half of the 
entire array, neural tube and cardiovascular, were 4.2 per 1000 and 17.8 per 1000 
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respectively, all the former and over half of the latter diagnosed prenatally. About 
one-quarter of the perinatal deaths were malformed, but the fraction in the survivors 
so affected was not stated. I mention again the absence of any rationale for the com-
bining of illnesses from the different geographical areas.

Nothing more seems to have been reported on this subject from this part of the 
world in later years.

Republic of Ireland Studies

The paper introducing the long-ongoing overview of the outcome of diabetic preg-
nancies in Dublin, the first Graves Lecture to the Royal College of Physicians in 
Ireland, began with the obligatory comprehensive historical review of the subject 
(Drury 1961). One of its main topics, offspring death in the National Maternity 
and the Combe Lying-in Hospitals was appreciable, 14.3% in the 178 pregnancies 
seen in about 1950–1960. Congenital malformations as one of its causes was not 
overlooked. Consistent with findings from other centers during those years mal-
formations were seen in relatively few perinatal mortalities, as might have been 
expected of a time when the mortality rate was high and most deaths were not of 
developmental origin. Nine of the 12 stillbirths were macerated and probably unex-
aminable. Only five malformations were mentioned, three major ones in the deaths, 
and two of a minor variety, a talipes and a hypospadias. [Incidentally, the latter was 
also mentioned, as occurring in an adult, in an earlier work from a Dublin author 
Joyce 1922, reprinted 1986.]

Next, a fuller account considered 269 offspring born in 1950–1965, 14, 5.2%, of 
whom were malformed, four in the 26 perinatal mortalities, a cyclops being addi-
tional to the three with defects noted earlier (Drury 1966). An agreeable surprise—
the abnormalities were named—thus making it possible to learn that five of them 
were inadmissible or questionable: a “Mongol,” a laryngomalacia, two talipes, and 
a hypospadias. Ninety-eight percent of the women were said to be insulin depen-
dent, though 9.5% were class A, a form not usually needing insulin. Again, many of 
the 16 stillbirths were probably not examinable. Nevertheless, balancing these facts 
it does not seem that an increased frequency of malformations occurred, but once 
again absence of a control left the question up in the air.

An intermediate study, of sorts, of 213 diabetic pregnancies, 12.2% of type A, 
in the National Maternity Hospital in 1962–1971 found a perinatal death rate of 
12.7%, which was about three times that in nondiabetic pregnancies during the 
same years (Dundon et al. 1974). It is strange that no matter how hard one searches 
through this article one cannot find mentioned the total malformation frequency in 
the offfspring. “With regard,” as it was stated, “to surviving infants, the incidence 
of major congenital malformations has been well documented…” but unrevealed 
except that…“the incidence of major and lethal congenital malformations is four 
times as high as amongst infants of non-diabetic mothers,” leaving one in the dark. 
The only concrete figure given was that for lethal defects, occurring in eight of the 
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27 perinatal deaths, or 29.6%, which was almost identical to such deaths about that 
time in nondiabetic deaths, a rare revelation, again indicating the nonteratogenic-
ity of maternal diabetes; which would have been fully recognized if another bit of 
evidence, the frequency of major malformations in survivors, had been stated. Re-
garding one other finding, that in the years reviewed there was not one case of an-
encephalus, is not surprising when judged against the mean background prevalence 
of the defect in that period of about 3.5 per 1000 births; not surprising therefore 
that there was no such occurrence in the small population of the 213 diabetic births. 
Another observation of wide significance was that over the brief period surveyed 
the overall frequency of anencephalus delined quite steeply, from a mean of 4.3 
per 1000 in 1963–1967 to 2.5 per 1000 in 1967–1972; a remarkable decrease, of 
momentous significance discussed in full in my book on the story of neural tube 
defects (Kalter 2009).

Two publications over the next 10–15 years advanced the record. One gave a 
full account of the malformations in 616 offspring from 1951 to 1976 (Drury et al. 
1977). In this sample 36 were malformed, including 11 with inadmissible defects, of 
the sorts enumerated above, leaving 25 with major malformations, 4.5%; the latter 
a major cause of perinatal death, leaving unclarified the matter of the malformation 
level in survivors.

Another more inclusive but not more illuminating report detailed the findings 
in 687 infants of consecutive diabetic pregnancies from early 1951 to mid-1979 
(Drury 1979). Only the malformations in the 58 perinatal mortalities, 20.7%, were 
mentioned, and aside from two malformed stillbirths in 1975–1979, one anencepha-
lus, the other iniencephaly, no other abnormality was specified.

One incidental fact may be helpful. Since the ordinarily rare malformation inien-
cephaly may have been more frequent in areas where anencephalus was common 
(Paterson 1944), the two instances of neural tube defects mentioned above may 
be considered together. These were apparently the only ones found in 1951–1979, 
giving a rate of 2.9 per 1000; not extraordinary in a population whose rate of an-
encephalus was among the highest then recorded, e.g. for the years 1953–1973 av-
eraging 4.3 per 1000 (Coffey 1974), or as seen above 2.5 per 1000 in 1967–1972 
(Dundon et al. 1974). A later summary brought the total of such defects to four, one 
iniencephaly and three anencephalies, in 941 viable infants, a rate of 4.2 per 1000 
(Drury 1986), matching the population level, and thus different from the apparent 
increases in this malformation found elsewhere.

One further word. In the Banting Lecture given before his death Drury (1989) 
stated that 5.6% of major malformations had occurred in 1066 viable infants of dia-
betic women in 1951–1987. Drawing on evidence presented in earlier papers one 
can see that the 60 cases on which this frequency was based clearly included some 
number of minor abnormalities. Indeed Drury et al. (1983) remarked that nearly 
40% of the malformations noted were minor ones, and an even larger proportion of 
minor defects was detailed by Sheridan-Pereira et al. (1983).

An ambitious though questionable procedure concerned births in 2006–2007 
in prenatal facilities in a wide geographical area called the Atlantic seaboard; the 
doubtfulness consisting of combining the results in type 1 and type 2 pregnancies—
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its rationale apparently being that both were pregestational—the former 77% of all 
(Dunne et al. 2009). [The preponderance of the former, though apparently not the 
usual pattern, was also the case in another study from this area; see Macintosh et al. 
2006.] Nearly one-quarter of the pregnancies were aborted (but not examined), and 
despite this late date the perinatal death rate was still elevated, at 2.5%, whereas that 
of congenital malformations (not identified), despite the contrary assertion, was not.

In another recent study, outcomes of diabetic pregnancies in Dublin in 1995–
2007 were compared (Carmody et al. 2010). In the very small number of the former 
the spontaneous abortion rate was 11% and in the latter 14%, both not unusual. 
Perinatal death was 0 and 3.5% respectively, and in the former there was one major 
malformation, a sacral agenesis, giving a frequency of 6.2% and in the latter an 
unnamed 3.1%, no doubt mostly in the perinatal mortalities. Awaited are further 
reports from Ireland.

Incidentally, the authors, citing the European Surveillance of Congenital Anoma-
lies (www.eurocat.ulster.ac.uk), noted that the average yearly congenital malforma-
tion rate in 1997–2006 for all women delivering in Dublin was 1.8%, somewhat less 
than that usually reported.

Denmark Studies

An influential study of the outcome of births in 1926–1963 to women with diabetes 
was made in the Copenhagen University hospital, 80% after 1946 (Mølsted-Ped-
ersen et al. 1964). All the women had pregestational diabetes, but only about 93% 
were insulin dependent. The case infants comprised 853 infants weighing 1000 g or 
more. In toto major congenital malformations occurred in 5.2% of the former and 
1.2% of the controls, and in 12.2% of the diabetic perinatal mortalities and 4.1% of 
the control ones. All of which, having been of great importance in supporting the 
belief that maternal diabetes is associated with congenital maldevelopment, will be 
closely examined.

The Control Group

A word about the controls, which merit close examination. They consisted of births 
in the same maternity wards, but solely during a 6-month period in 1959–1960; 
part of a separate study of the possible teratogenicity of antihistaminic preparations 
(Zachau-Christiansen and Villumesen 1962). It goes without saying that controls 
must match the study group in all ways known to be relevant, but especially must 
also be contemporaneous to obviate changes in conditions and procedures that time 
may bring. Neither requirement was respected in this study. The majority of the 
diabetic births occurred only over the last 17 years of the study period, while the 
controls only in the 6 months toward its end. This is important, since conditions 
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may change, but also because the frequency of particular congenital malformations 
may vary over time; instances of which were noted, e.g., during the years in ques-
tion in a number of Czechoslovak maternity hospitals (Kučera 1971b).

Also important is the fact that both the diabetic and control mothers were in hos-
pital for a variety of severe complications, and thus perhaps not representative of 
the diabetic or the general population as a whole; e.g. the maternity wards received 
women who were expected to have a pathological delivery, were unmarried, or 
were admitted during difficult delivery (Villumsen and Zachau-Christiansen 1963). 
Further making the appropriateness of the control doubtful was the large number of 
diabetic women among them, 15.8 per 1000, many times the prevalence noted in a 
part of Denmark in a series of insulin dependent pregestational diabetic pregnancies 
(Nielsen and Nielsen 1994).

A smaller matter perhaps, but infants of less than 1000 g were excluded from 
both groups, which may be relevant because Danish illegitimate infants at the time, 
as often elsewhere, had a increased rate of low birthweight (Matthiessen et al. 1967), 
and the frequency of malformations can differ in different weight groups (Golden-
berg et al. 1983; Berry et al. 1987; Kalter 1991). Further, perinatal death rate, was 
not usefully detailed; nor, for neither group was the overall death rate noted, which 
made additional difficulties of comparison, since the rate in Denmark changed ap-
preciably over the years surveyed (Matthiessen et al. 1967).

Finally, a question lingers whether the control infants were as well examined 
for congenital malformations as those of the diabetic women. An insight into this 
question was provided by a study of children born in the two Copenhagen maternity 
wards during 1959–1961 (Villumsen and Zachau-Christiansen 1963), which though 
focusing on the putative teratogenic effect of antihistaminics omitted many details 
that might have supported their validity as a control.

The Outcome

In the case group there were 55 malformed infants, 44 with major malformations, 
5.2%, and 11 with minor ones, 1.3%. However, since the authors considered that the 
“classification of congenital malformations according to severity is largely subjec-
tive” their personal scheme was unclear, since the malformations were not listed in 
the publication.

Fortunately such a list, which included the designation of major and minor, was 
kindly made available to me at the time. Inspecting the list proved instructive. Four 
of the defects considered major for various reasons were clearly inadmissible: pseu-
dohermaphroditism, male or female, can have a varied etiology (Warkany 1971, 
p. 1107 et seq.), and without details its status could not be judged; clubfoot is a 
fairly common malformation occurring more often in males than females, has a 
strong familial tendency (Wang et al. 1988)—strangely it was listed as a major 
malformation in one infant and a minor one in another, even though in the latter it 
was accompanied by a short femur; next, microcephaly not always easy to diagnose 
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in newborns when occurring in the absence of other abnormalities, as was true in 
this instance, is frequently attributable to recessive inheritance; and last, Down syn-
drome, whose chromosomal origin was already established (Lejeune et al. 1959), of 
course could not be due to maternal diabetes. This was clarified much later, when 
an investigation from this same center found that insulin dependent diabetes did not 
increase the risk of chromosomal abnormalities (Henriques et al. 1991). Exclud-
ing these four abnormalities left 40 major congenitally malformed offspring in 853 
births, or 4.7%.

The supplied list indicated that 17 of the malformed offspring died perinatally of 
their presumably lethal malformations. But the number of all perinatal mortalities 
was not specified, without knowledge of which the frequency of malformations in 
survivors could not be determined. A partial clue to this figure was derived from the 
information given for the 82 mortalities necropsied in the last nine and three-quarter 
years of the study, of which 16 had malformations (the only ones noted in a tsble 
in the article itself). Subtracting these deaths from the total born gave a malforma-
tion frequency in the survivors of 3.1%. From which it clearly appeared that an 
increased malformation frequency did not emerge from this study.

Incidentally, among the infants reported seven were of the cases cited by Kučera 
et al. (1965) in support of the theory that maternal diabetes was associated with a 
specific diabetic embryopathy. But the provided detailed list revealed that only one 
had a sacral abnormality.

The Aftermath

Important studies continued from this center. It was observed that the frequency of 
malformations in perinatal mortalities increased as improved maternal and neona-
tal care led to their overall frequency decrease (Mølsted-Pedersen 1967; Pedersen 
et al. 1974). The significance of this temporal variation in the overall malformation 
frequency was apparently not appreciated however. Malformation occurrence was 
reported spottily and uninformatively during the 1970s, only the total frequency 
given without specifying the defects found; this was true of the control as well, pre-
cluding close analysis (e.g. Pedersen 1975). Overall frequencies of major and minor 
ones were stated separately, which was helpful (Pedersen 1977, p. 192; Damm and 
Mølsted-Pedersen 1989). Autopsied infants from diabetic mothers, as noted above, 
continued to have a higher malformation frequency than controls, with cardiovas-
cular and central nervous system abnormalities predominating.

During the mid-1970s a change was made in the manner of diagnosing congeni-
tal malformations. To the previous recognition at birth by external examination was 
added that by x-ray, upon clinically indicated need (Pedersen 1975); and then came 
a further addition: “some malformations were diagnosed only postmortem,” both 
stipulations vague (Pedersen 1977).

Seeming to shift the earlier view that certain malformations (particularly short 
femur) were characteristic in offspring of diabetic women (Pedersen 1977, p. 105), 
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it was later stated that “the correlation between maternal diabetes and congenital 
malformations in the progeny is of an unspecific nature,” and that the apparently in-
creased frequency of certain malformations in such children was due to an “increase 
in incidence and severity of the usual types of malformations,” a statement that is 
nothing if not ambiguous (Pedersen 1977, p. 194).

By the mid-1970s the Copenhagen series included four cases of “total caudal 
regression” (Pedersen 1977, p. 194), a term supposedly meaning sacral absence, 
which constituted a 600-fold increase than in the general population rate (Kučera 
1971a). As noted, the provided list of malformations mentioned above included 
only one sacral abnormality, though Kučera et al. (1965) considered that there 
were seven such cases in this material. What accounted for the discrepancies? 
Was it partly caused by change of definition of the entity in midstream? Or was 
it as well, as the pathologist Benirschke (1987) suggested, that the term “embrac-
es…a host of malformations that are very dissimilar,” or as a team of epidemiolo-
gists put it, that its prevalence “depends on which forms are included…” (Källén 
et al. 1992).

Later reports were mainly concerned with prenatal evaluation of fetal growth 
and development in diabetic pregnancy, etc; they will be discussed elewhere in 
this work. Others summarized findings in series during different time periods. One, 
comparing diabetic pregnancies cared for in 1966–1977 at the two hospitals in Co-
penhagen with those outside the area (a comparison discussed below), introduced 
further changes in the definition of malformations and further increased the diffi-
culties of analysis (Pedersen and Mølsted-Pedersen 1978). A distinction was made 
between major malformations and a subset, ‘severe’ ones, the latter causing death or 
necessitating major surgery in the first 6 months of life. The total rate rate was 8.2%, 
but since none of the defects was named scrutiny was again defeated. The mention 
in a contemporary paper (Pedersen 1979) of five occurrences of “caudal regres-
sion” did nothing to lessen the difficulty. A later appearing publication (Damm and 
Mølsted-Pedersen 1989) presented data for a series of patients considerably over-
lapping the one just mentioned, yet only one case of sacral absence was reported in 
this larger group of infants.

Other findings of Pedersen and Mølsted-Pedersen (1978) were of great inter-
est; including the claim that the congenital malformation rate was “normalized” in 
insulin dependent diabetic women whose pregnancies were planned and hence in 
which strict metabolic control at conception and during the early weeks of gestation 
was enabled.

A later study, considering the years 1979–1987, was mainly concerned with al-
phafetoprotein levels in amniotic fluid and maternal serum in a selected group of 
diabetic pregnancies (Henriques et al. 1993). The malformations found, major and 
minor, were listed, and they and various other matters are analyzed in the section 
dealing with maternal factors associated with diabetic pregnancy.

Studies in the most recent years were concerned with diabetic pregnancy in 
women with certain problems such as microalbuminuria and nephropathy, but with-
out finding an increased frequency of perinatal death or congenital malformation 
(Ekbom et al. 2001; Nielsen et al. 2006b, 2009).
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Finland Studies

The study of diabetes in pregnancy in Finland has a long history perhaps due to the 
relatively high prevalence of type 1 diabetes in that part of the world (Saxén 1983; 
Tuomilehto et al. 1991a). All of the several hospitals in Helsinki that were engaged 
in this work will be considered. The earliest identified report, from the First Wom-
en’s Clinic of the University of Helsinki, noted two abnormal infants in 81 births in 
1949–1955, one with “frog position of the limbs,” often a sign of caudal dysgenesis, 
the other not named (Jokipii 1955). Congenital malformations were not mentioned 
among the causes of the neonatal deaths, their number not clearly specified.

The next report, just as unsatisfactory, noted abnormalities in seven of 162 in-
fants born in 1951–1960 in the Central University Hospital (perhaps partly dupli-
cating the cases presented by Jokipii 1955), three in the 16 neonatal deaths, one 
perhaps with major defects, others undescribed (Österlund and Rantakallio 1964). 
There were the usual uncertainties: the diabetic women were a selected group, hav-
ing “complications” of pregnancy, referred from all parts of the country; over 20% 
gestational diabetic; stillbirths were frequent but their condition not mentioned, 
most were macerated, etc.

Congenital abnormalities called major were seen in six of 76 births of insulin 
dependent diabetic women in the Institute of Midwifery in 1961–1966, though only 
one was described, a “defect of sacrum”; six others in 47 children of class A moth-
ers had minor defects, including a Down syndrome, all in all hardly worth mention 
(Tiisala et al. 1967).

A report from the Department of Obstetrics and Gynecology of the University 
Central Hospital compared the outcome of pregnancies in 1970–1971, in which the 
diabetic management was the conventional one of the day, with those in 1975–1977, 
given intensive metabolic control (Teramo et al. 1979). In the first period malforma-
tions occurred in four of 54 infants and in the later period in four of 136, in neither 
were the defects named. Nor considered was whether the apparent improvement 
was connected to the difference in management.

All the Finnish studies mentioned above contributed nothing to the tale unfold-
ing here, and were included for the historical record only.

A study from this hospital some years later, hardly more contributive, summa-
rized the outcomes of pregnancies in 1978–1982 of women with insulin dependent 
diabetes (Ylinen et al. 1984). There were 146 fetuses including twins and abortus-
es, 11 classed as having major malformations. Only mentioned were two perinatal 
deaths and three induced abortuses, two with anencephalus diagnosed by ultrasound 
(a topic expanded upon below), and one with caudal regression syndrome (called 
“typical” raising the questions of what that meant, and whether the second was not 
typical). The total number of deaths and abortions was not noted, nor were other 
matters, the focus of the study being maternal glycosylated hemoglobin values in 
early pregnancy, a topic discussed elsewhere. Thus, again an unsatisfactory account.

After a gap of years a report appeared from an area of southern Finland of births 
in 1988–1997 of type 1 diabetic women whose main purpose, glycemic control, will 
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be turned to below (Suhonen et al. 2000). Considered here are the findings regard-
ing pregnancy outcome. The frequency of malformations, diagnosed by prenatal 
ultrasonography and at birth, was 4.2%; while in controls, offspring of nondiabetic 
women born in the area in 1993–1994, it was 1.4%. The former is an exaggeration, 
since it included defects, about half the total, whose classification as major is in 
doubt, e.g. patent ductus arteriosus, pulmonary stenosis, club foot, hypospadias, 
etc., etc. Omitting them left a frequency of 2.3 per 1000. The control figure, on the 
contrary, may be an underestimate.

Another recent study concerned 296 births to insulin-dependent diabetic 
women in 1986–1995 in hospitals in two northernmost provinces of Finland 
(Vääräsmäki et al. 2000). Boiled down to essentials, the perinatal death rate was 
3.0% and that of congenital malformations called major 3.7%, almost two-thirds 
cardiovascular and one other a caudal regression syndrome, the latter and a heart 
defect one of the nine perinatal deaths. The glycemic control aspects of the study 
will be discussed below.

A later study using data from four national health registers from 1991 to 1995 
found a rate of major congenital malformations in offspring of type 1 diabetics 
from midpregnancy to 1 year of age of 6.3%, a meaningless figure (Vääräsmäki 
et al. 2002). The rate of perinatal death was 1.4 per 1000, almost one-quarter of 
them malformed. With this unsatisfactory note such communications from Finland 
seemed to have come to an end.

It is of much interest that a study of the freqency of newly diagnosed type 1 
diabetes in Finish children found that they possess the highest rate worldwide, ris-
ing from of 31.4 per 100,000 in 1980 to 64.2 per 100,000 in 2005 (Harjutsalo et al. 
2008). Nor has this increase been confined to Finland (Patterson et al. 2009, etc.)

Birmingham Hospital Study

In conspicuous contrast with the Finnish reports are the detailed accounts from Bir-
mingham. Since they were influential in engendering the belief in the teratogenicity 
of diabetes it will be useful to scrutinize them closely.

It began with the report, as mentioned briefly above, of the 701 births to diabetic 
women in the Birmingham Maternity Hospital in 1950–1974 (Soler et al. 1976). 
About 16.5% of the women were of the White class A variety, i.e. not insulin de-
pendent, and 1.7% of their children were malformed, none fatally. Of the 585 others 
9.4% were malformed, a rate claimed to be “three to four times higher” than the 
frequency in the contemporary population of Birmingham. It is this claim that will 
be examined, together with other details regarding the insulin dependent women 
and their pregnancies.

The women were probably not a random sample of the diabetic women in the 
Birmingham of the day, especially during the last years of the study, when the hospi-
tal became a referral center for the more severely affected. While the malformation 
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frequency fluctuated somewhat from year to year, in the last 5 years of the study that 
of malformations generally and of lethal malformations especially greatly increased 
with no attempted explanation.

Important considerations are the perinatal death and autopsy rates, since as 
pointed out, “…infants of diabetics are likely to have been examined in greater 
detail; more post mortem examinations were carried out amongst infants of diabet-
ics because of their higher perinatal death and the rate of recognition of congenital 
abnormalities at autopsy is higher than in living infants.” These were 16.9 and 90% 
respectively, the latter far greater than the usual contemporary 60% (Leck et al. 
1968). Though the malformation frequency was greater in the later period the mor-
tality rates in the two intervals were almost identical.

Congenital malformations, as noted, were seen in 9.4% of all offspring (55/585), 
26.3% (26/99) in perinatal mortalities (stillbirths 17.5%, neonatal deaths 38.1%). 
Thus 47.3% of the malformed offspring (26/55) were mortalities; the high frequen-
cies no doubt owing in part to the high autopsy rate and the special interest of the 
pathologists. The complete list indicated which were considered major and which 
fatal. [Unmentioned was the frequency of spontaneous abortion, which a later study 
found to be 25.9% (Wright et al. 1983).]

Of the 99 perinatal mortalities 26.3% were malformed, all called major but sev-
eral erroneously so labeled, e.g. an apparently isolated meconium ileus, an Ellis-van 
Creveld syndrome, probably an autosomal recessive trait, etc. Of the 486 survivors 
31 had what was called a congenital malformation, many labeled major; a designa-
tion that could be challenged in many, especially those categorized skeletal, but 
others as well. The upshot being that the frequency of indubitable major congenital 
malformations in the survivors was 2.3%, approximating the 1.9% in all births in 
Birmingham at that period (Leck et al. 1968).

The outstanding difficulty was the absence of a contemporaneously collected 
group of matched pregnant nondiabetic women whose offspring were as carefully 
examined for malformations as were those of the diabetic women. The authors rec-
ognized that a control was necessary and resorted for comparison to the findings 
of a study of births in Birmingham in the 1950s (McKeown and Record 1960), but 
acknowledged this to be a poor choice. [A control group included in a smaller study, 
described in detail elsewhere in this work, collected at the hospital during the later 
years of the study under consideration, when compared with the malformation fre-
quency in the diabetic births, revealed the increase not to be statistically significant 
(Day and Insley 1976).]

The most frequent were cardiovascular malformations, 2.3%, not all lethal, and 
anencephalus and spina bifida, 1.2%, of all births, the latter greater than the 3.6 per 
1000 noted in all births in Birmingham in 1950–1999 (Leck et al. 1968). At the 
same time it should be recalled that a similar or even greater overall propensity to 
neural tube defects existed in Ireland, yet, as the authors noted, no such diabetes re-
lated increase was discovered in that region. There occurred as well three instances 
of the “caudal regression syndrome,” not described, said to be “about four times 
the expected incidence,” the basis of which was not stated. Other defects were not 
named.
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Thus four tendentious matters—biased ascertainment of diabetic women, inten-
sive examination of children, inclusion of ineligible malformations, and frequent 
absence of controls—were present here—as in study after study of the outcome of 
pregnancy of diabetic women reported by specialized clinics.

Johns Hopkins Study

All presumedly diabetic women delivering at the Johns Hopkins Hospital in 1946–
1970 were identified and a random sample of the births of about 600 of them and 
an approximately equal number of nondiabetic births selected for study (McCarter 
et al. 1987). The former were divided into definite, probable, and suspect diabet-
ics, with nearly twice as many of the definites diagnosed before age 20 and insulin 
treated, as were the probables. It is not surprising that this unclear means of classifi-
cation, and other opaque features of the investigation, compromised the analysis of 
the malformation picture, and yielded the ambiguous conclusion that the malforma-
tion risk was not increased in diabetic women, made even more imponderable by 
some caveats. It cannot possibly be irrelevant that three-quarters of the definite and 
probable diabetic women were black.

Critique

The preceding pages described studies of the outcome of pregnancies of diabetic 
women made over many years. As medical and social progress brought improve-
ment in the perinatal death picture of these pregnancies and pregnancies generally a 
continually increasing fraction of the deaths seemed to be associated with the most 
refractory of the causes of offspring mortality—congenital malformations. Much 
interest then turned to documenting these conditions and later to attempts at reduc-
ing their prevalence.

Outlined above were not only the findings of centers examining the spectrum 
and frequency of malformations, to the extent possible, but as well the difficulties 
impeding efforts to establish beyond doubt that they were extraordinary in type or 
degree. For the reviewer the virtual absence of any consideration of these many 
important aspects by the various authors made the task perilous. It is tedious to re-
peat, but these vital ingredients must be emphasized. Doubts largely remain about: 
how the diabetic women cared for at specialized centers were selected or otherwise 
identified; how representative they were of the entire population of diabetic women 
of reproductive age in the regions served by these centers; the definition and means 
of diagnosing the phenomena considered malformations; the assiduity and com-
petence of personnel examining dead and surviving infants for malformations; the 
validity of the composition of control pregnant women and the diligence of the 
examination of their children for malformations, in the infrequent instances where 
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controls were recognized as necessary at all; and last the many almost uniformly 
neglected subsidiary relevant elements in the scheme, familial, socioeconomic, de-
mographic, etc. (Little and Carr-Hill 1984).

But perhaps greatest among these prejudicing aspects was the practice of spe-
cialized centers of typifying the situation by generalizing from individuals who in 
one way or another were apparently unrepresentative of diabetic women generally. 
The patients in these clinics were usually a selected group, referred e.g. because 
of their poor previous reproductive history or the unusually severe nature of their 
illness, and observations made upon them are not to be considered typical without 
good evidence. As Williams (1930, p. 602) said years ago of maternal and fetal 
death in diabetes, so it also may be true of other pregnancy outcomes of diabetes 
“…such statistics give too gloomy a picture, as they are based mostly upon severe 
cases, and do not take into account the milder ones which are usually not reported.”

Sometimes even what is meant by ‘selected’ or its opposite ‘random’ may be 
misunderstood. For example, Pedersen (1954b) called his patients “unselected” be-
cause they came to the clinic at all stages of pregnancy, but at the same time noted 
that they were referred by various private and provincial hospitals and general prac-
titioners. And Froehlich and Fujikura (1969), on the contrary, thought that since 
“the Collaborative Study is a prospective one and the mothers randomly selected, 
the proportion of ‘high-risk’ cases such as maternal diabetes would be relatively 
low;” but Mitchell et al. (1971) reported a prevalence of ‘diabetes’ among these 
women of 14 per 1000, some three times that usually found of type 1 diabetes, indi-
cating that the condition had been defined very broadly.

An explicit admission of the occurrence and perils of nonrandom selectivity was 
made by Takeuchi and Benirschke (1961) when, in studying autopsied offspring of 
diabetic mothers, they stated that it was possible their material was “biased because 
of the higher incidence of maternal diabetes at the Boston Lying-in Hospital due to 
its affiliation with the Joslin Clinic,” and then, calling attention to another biasing 
element, noted that “a high percentage of autopsies is obtained in this group because 
of the interest by the physicians taking care of this group of patients.”

Ultimately problems arose because in the aggregate and for many kinds individu-
ally congenital malformations were relatively common. Thus a comparatively small 
increase in their frequency, such as was claimed diabetes caused, because of the 
numerous variables confounding the picture, made recognizing possible augmenta-
tion problematic. The relevance of these facts here can be illustrated by the follow-
ing. If for purposes of analogy one considers pregnancy in diabetes a pandemic, 
then the problems entailed in determining whether this state was associated with an 
excessive level of malformations can be compared with the task undertaken in the 
early 1960s by those trying to identify the cause of the rash of unusual limb mal-
formations that had suddenly appeared in Germany and elsewhere (McBride 1961; 
Lenz 1961). It proved incredibly complicated to do so, and only upon profound epi-
demiological analysis, greatly facilitated by the fact that among the most frequent 
malformations induced were the conspicuous and ordinarily quite rare phocomelia 
and amelia, was it nailed down that the culprit was the recently introduced sedative 
thalidomide (Lenz and Knapp 1962; Sievers 1969; Weicker 1969).
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In the case of diabetes the situation is reversed. The supposed cause is known and 
common, and the effects have to be proved. Would it help to do this if the frequency 
of ordinarily rare and conspicuous malformations were increased? Does sacral ab-
sence or holoprosencephaly, both said to be increased in diabetic births (Kučera 
1971a; Barr et al. 1983), fit this bill? Several difficulties attend this proposition.

Sacral absence is apparently seldom diagnosed in newborn infants; a worldwide 
review of hospital births noted a frequency of 4.8 per million (Kučera 1971a). But 
such a scarcity is not true in older individuals, as was shown by a survey of a 
relatively small number of American orthopedic surgeons, which had no trouble 
identifying at least 50 cases of partial or complete absence of the sacrum (Blumel 
et al. 1959). This discrepancy appeared to indicate that the condition mostly went 
unrecognized at birth, and that the alleged increase in diabetic pregnancies was ow-
ing to diligent examination, more severe defectiveness, or both.

Holoprosencephaly, the general term for a set of related conspicuous craniofacial 
abnormalities, can hardly be overlooked (DeMyer and Zeman 1963). Though etio-
logically heterogeneous (Roach et al. 1975; Corsello et al. 1990), it is uncommon, 
with a mean frequency recently determined to be about about 0.75 per 10,000 total 
births (Martínez-Frias et al. 1994; Croen et al. 1996; Rasmussen et al. 1996; Whit-
eford and Tolmie 1996; Olsen et al. 1997). There was evidence that many embryos 
with these severe malformations were spontaneously aborted, since the frequency 
in induced abortuses in Japan in 1962–1974 was many times greater than that found 
at term (Matsunaga and Shiota 1977). The condition should thus be overrepresented 
in abortuses of diabetic pregnancies, but pathology studies of perinatal mortalities 
described above supplied no support for this conjecture.
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Various comprehensive approaches have been taken over the course of time in 
studying the outcomes of diabetic pregnancy, including broad-scale, multicenter, 
and population-based surveys, discussed in this and the next chapter.

Reviews and analyses of congenital malformations in diabetic pregnancy, of in-
formation gathered from multiple sources, were used to survey the broad landscape. 
The purpose was to overcome the limitations imposed by the sparse numbers of 
diabetic pregnancies any one clinic or hospital could supply, by collectively exam-
ining and interpreting the findings of many isolated and more limited reports. The 
conduct and findings of extensive reviews first and then multicenter ones will be 
examined.

The Kučera Analysis

Not long after the publication of the report by Mølsted-Pedersen et al. (1964) a 
broad review appeared that supported its finding of an increased occurrence of mal-
formations in diabetic pregnancies (Kučera 1971a). It presented an analysis of a 
compilation of 7101 births to diabetic women drawn from nearly 50 case-series 
originating from many European countries and the US in about the previous 30 
years. Noting that 4.8% of the offspring “showed anomalies,” compared with 1.6% 
in a control series (the article’s summary erroneously gave this figure as 0.6%) 
derived from a World Health Organization study (Stevenson et al. 1966) and his 
“own series of anomalous cases,” the author suggested that there was an increased 
incidence of anomalies in the offspring of diabetic women.

The conclusion, as was conceded, was based on data flawed in a number of 
ways, methodological and conceptual. One matter not mentioned was the noncom-
parability of the test and the control groups with regard to national origin; e.g. about 
three times as many controls were German or Czech as the diabetic group; some 
controls were Australian and South African, nationalities not represented in the dia-
betic births; and many countries present in the latter were not present in the controls.

H. Kalter, A History of Diabetes in Pregnancy, 
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The source of a considerable fraction of the control series appeared to be a study 
sponsored by the World Health Organization, and some clues as to its formulation 
and characteristics could be gleaned from the report of it (Stevenson et al. 1966). 
It seems that only the largest hospitals were recruited for the study, and that such 
hospitals, as was noted, “with so many births each year are inevitably very busy 
places and understaffed, so that it would have been unrealistic to expect recording 
of elaborate information about births.” Hence, all other matters apart, the Kučera 
findings are challenged by the familiar objection that relatively competently and 
conscientiously examined infants of diabetic women were compared with superfi-
cially and casually examined controls.

The Kučera publication noted that certain malformations occurred in great ex-
cess in the children of the diabetic women, especially “spinal anomalies including 
the syndrome of caudal regression.” What was meant by the latter was not entirely 
clear, but if “caudal regression”was synonymous with absence of the sacrum, as 
the introduction in this publication held it to be, and the latter was considered a 
“specific malformation of fetuses of diabetic women,” then this malformation as it 
occurred in the case-series, is to be looked at closely.

There were nine instances of “caudal regression,” two from the US, one from 
the United Kingdom, two from Germany, one from Bohemia, and three from Den-
mark. Reading the sources from which this information was gleaned I found the 
following: In none of the US articles was sacral absence mentioned; in one a “spi-
nal defect” was recorded (Thosteson 1953) and in another a “sireniform monster” 
(Driscoll et al 1960; the last was a report of a pathology study of malformations in 
neonatally dying children of diabetic mothers first reported by Gellis and Hsia 1959 
discussed above). Although sirens often have sacral abnormalities the sacrum is 
seldom missing. Four of the other seven cases were reported to have sacral absence 
(Farquhar 1959; Herre and Horky 1964; Mølsted-Pedersen et al. 1964; Kučera et al. 
1965); another was a siren (personal communication from Mølsted-Pedersen to 
Kučera et al. 1965), and two others had unspecified vertebral-column abnormalities 
(see Kučera et al. 1965).

Since sacral absence in neonates seldom comes to medical attention, only a well-
examined matched series of nondiabetic births gathered concurrently with a series 
of diabetic ones could have decided whether the four clear occurrences of the defect 
in the 7101 infants of diabetic mothers collected by this review was truly an excess 
frequency. Questions regarding the frequency of this defect in diabetic and nondia-
betic pregnancies are discussed below in the section on particular malformations. 
Little else in this report was of significance.

The Neave Analysis

Almost contemporaneous with the articles by Mølsted-Pedersen et al. (1964) and 
Kučera (1971a) a doctorate thesis was submitted to the Harvard School of Pub-
lic Health on the subject of congenital malformations in the offspring of diabetic 
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women (Neave 1967). Excellent in conception and execution, it has been relatively 
little known, perhaps because it was not otherwise published, except for a relatively 
brief summary appearing 17 years later (Neave 1984), it presented a substantial and 
meticulously analyzed body of data that made a case for malformations being much 
increased in diabetic pregnancy.

The data came from the records of births in 10 university-affiliated hospitals 
in the US and Canada, located from Cincinnati to Montreal, and covered different 
lengths of time from hospital to hospital in the years 1928–1966, but mainly the 
1950s and 1960s. Very different proportions of the births came from the various 
hospitals, ranging from 2.1 to nearly 47%, the latter from the Boston Lying-in Hos-
pital; the same was true of the number of diabetic women delivering, an indication 
of hospital size or referral status, which ranged from about 5 to 35 per year.

The records, abstracted by trained personnel, concerned births to women known 
to have been diabetic during pregnancy; hence may have included women not in-
sulin dependent and not diabetic before conception of the index pregnancy, in both 
cases with and without clinical symptoms. Controls consisted of nondiabetic wom-
en delivering next at the same hospital matched for age, parity, and race. This then 
was a thorough investigation of historical records, albeit unavoidably containing 
much heterogeneity.

The Malformations

The infants were observed from birth to the time of discharge, but the malformations 
were mostly discovered in the first 2–3 days of life. Thus, abortion, spontaneous or 
induced, was not included. About 65% of stillbirths and 80% of neonatal deaths, 
index and control, were autopsied. Records of the births of 2592 index and a like 
number of control infants were available. The malformations were coded accord-
ing to a modification of the framework presented by Edwards et al. (1964); and the 
abnormalities of each infant were encoded and listed in an appendix of the thesis.

In the index group 13.1% were stated to be congenitally malformed compared 
with 5.3% of the controls, the large frequencies due to inclusion of questionable en-
tities. The most frequent of which were various morphological abnormalities of the 
placenta and umbilical cord, recorded in the absence of any serious congenital ab-
normality in 75 diabetic and 34 control pregnancies, phenomena that by no stretch 
of the imagination can be considered malformations of the infant. [Such conditions, 
incidentally, were not mentioned in reports of a number of pathological studies of 
the placentas of diabetic pregnancies (Warren and LeCompte 1952; Driscoll 1965; 
Singer 1984; Labarrere and Faulk 1991)]. In addition, numerous other isolated 
abnormalities (i.e. occurring in the absence of any others) were included that in 
themselves are usually trivial or have doubtful health implications (see entire list in 
Kalter 2000, p. 136).

The large number of one of these isolated defects, single umbilical artery, all but 
one of which were diagnosed at the Boston Lying-in Hospital, was explained by 
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the special interest in this anomaly by the pathologists at that facility. That this was 
exaggerated was made obvious by the fact that in a pathology study from the same 
hospital this defect was found only once in 95 autopsies, and that without associated 
abnormalities (Driscoll et al. 1960).

The inadmissible defects included isolated microcephalus, which as was con-
ceded is not ordinarily a clear-cut deformity; hypospadias, a relatively common 
and usually trivial defect with an important hereditary component (Harris 1990), 
seldom associated with unrelated defects (Calzolari et al. 1986); undescended tes-
tis, even commoner than hypospadias, in most cases of which the offending organs 
have descended by 3 months of age (Berkowitz et al. 1993); and Down syndrome, 
of which there were six instances, being due to a chromosomal aberration (Lejeune 
et al. 1959; Gardner et al. 1973) obviously cannot be the responsibility of maternal 
diabetes.

When these and the other disqualified conditions were omitted the malformation 
frequency became 5.8% in the index infants and 1.4% in the controls, a more real-
istic but still appreciable difference (perhaps indicating intense examination of the 
former and inadequate examination of the latter).

Perinatal Death Questions

These were total frequencies, in survivors and nonsurvivors combined. Not given 
special attention, but of obvious importance, was the frequency in each individu-
ally. These were 3.5 and 17.2% respectively in the diabetic and 0.9 and 14.7% in the 
controls; thus being about the same in the diabetic and control perinatal mortalities; 
but larger in the diabetic than the control survivors.

Setting aside the roughly similar frequencies in the deaths, there is left the differ-
ential in the survivors, which can perhaps be looked upon as meaning that maternal 
diabetes caused an increase only of less serious abnormalities, of the sorts that may 
present ambiguities in diagnosing; not ignoring the even greater likelihood that the 
controls were not as well examined as the index infants.

Race Considerations

Race may have had some relevance. Overall 12.7% of the diabetic women were 
nonwhite, predominantly black, although the proportions in the different hospitals 
varied, ranging from 1.2% in the Boston Lying-in Hospital to 75.6% in the Cincin-
nati General Hospital. Since race is markedly related to the frequency of several dif-
ferent congenital malformations, serious and trivial (Altemus and Ferguson 1965; 
Ivy 1968; Erickson 1976; Christianson et al. 1981; Polednak 1986; Chávez et al. 
1988), pregnancy outcome may have been related to this factor. This matter divided 
the hospitals into two almost discrete sorts: five with a large mean percentage of 
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nonwhite diabetic pregnancies, 41.2%, and five, with 2.3% nonwhite, a huge dif-
ference.

In hospitals with a large percentage of nonwhite patients twice as many non-
white infants were malformed as white ones (7.0 vs 3.4%), while in hospitals with 
a small percentage of nonwhite patients, the frequencies were about equal (6.1 vs 
6.8%). Unfortunately the malformations were not listed by hospital, so the analysis 
cannot go further. But it cannot be ignored, constituting as it did a further source of 
heterogeneity.

Research Biases

Neave encountered several difficulties in the course of his study. A particularly im-
portant one, called “observer bias,” was characterized as follows: “Offspring of 
diabetic mothers often present formidable clinical problems…. There is no question 
that these infants are preferentially treated and that the chances of observing and 
recording malformations are greater [in them] than in the offspring of nondiabetic 
mothers.” He attempted to allow for this by determining the frequency of malforma-
tions likely to be easily recognized because of being “grossly evident,” and hence 
not subject to this bias. These defects too he found occurred almost twice as often in 
index as in control infants; and thus felt that this bias, and other possible ones that 
he enumerated, had not influenced the recorded data. But this reasoning was contra-
dicted by another fact not emphasized by him, namely that the frequency of these 
conspicuous types of malformations was not greatly different in the index perinatal 
mortalities than in the control perinatal mortalities.

One malformation of special importance, sacral absence, because it has been 
thought to be part of a specific diabetic embryopathy, must again be given particular 
attention, though it was not included in the list of defects considered exempt from 
observer bias. Two infants with total sacral absence occurred in the index births in 
the Boston Lying-in Hospital, and one with absence only of the coccyx in the Johns 
Hopkins Hospital, all three being perinatal mortalities.

Indirectly, through the former two cases, a question arose about the adequacy of 
the search of the hospital records made by the abstracters hired to perform this task. 
Though Rusnak and Driscoll (1965) recorded three children with this condition as 
born to diabetic women at the Boston Lying-in Hospital between 1952 and 1964, 
only one was among the cases included by Neave; and Neave’s second Boston case, 
born in 1956, was not one of those described by Rusnak and Driscoll. Apparently 
also absent from the records of index births made available to Neave was the sym-
melic infant noted by Gellis and Hsia (1959) and Driscoll et al. (1960). One is left 
therefore with the suspicion that, since relevant records were possibly overlooked or 
erroneously included, others pertaining to children malformed and not malformed 
may have been similarly mishandled.

It can thus be concluded that, being pervaded by so many loose ends, and espe-
cially in the face of a malformation frequency not excessive, an association between 
diabetes and malformations was not unequivically proven.

Research Biases



132

Multicenter Studies

Until the 1980s multicenter studies were relatively modest in size and made no pre-
tense of surveying the entire population of a region. In time, however, as the num-
ber of units cooperating in these studies increased they began to overlap and were 
sometimes indistinguishable from those that intended to cover the entire popula-
tions of their respective geographical areas. The latter, the strictly population-based 
studies, will be discussed further on.

To begin at the beginning, the perspective of the earliest multicenter studies re-
flected their time by paying little or no attention to congenital malformations (Mill-
er et al. 1944; Peel and Oakley 1949; Medical Research Council 1955). The first 
of these obtained data from the records of three hospitals in New York City, New 
Haven, and Boston, the second, by questionnaire from 26 hospitals and hospital-
based centers in Great Britain and Ireland, and the third, from nine British diabetes 
centers. They all dealt almost exclusively with the relation of several maternal and 
treatment variables to the predominant concern of the day, the high level of perinatal 
death, and showed by their almost total neglect of malformations how little influ-
ence they considered such conditions to have on this problem. This was redressed 
by the next study of this sort.

Sweden Studies

An early such study consisted of a comprehensive analysis of records of diabetic 
pregnancies delivered in 1948–1954, mostly of patients insulin treated for several 
years, obtained from the obstetric departments of 21 general hospitals located in 
many parts of Sweden (Hagbard 1956, 1961). Information on a total of 472 children 
weighing at least 1000 g at birth or from pregnancies proceeding beyond 28 weeks 
were collected. As was usual for the time a large number, 36.3%, were stillborn or 
died in the first postnatal week.

The impact of congenital malformations on this outcome, it is obvious from the 
space allotted to these conditions—a bit more than one of the 180 pages in the entire 
1956 monograph—was not thought of much importance. Yet sufficient information 
was given to reveal that such abnormalities were found in 6.4% of the offspring; 
and the list of the defects provided revealed that for the most part they consisted of 
the major varieties and represented various systems and parts. But which of them 
occurred in the mortalities was not designated. And this is of significance since a 
large proportion of the defective offspring, 63.3%, were found among the perinatal 
mortalities, leaving the remaining defects, for the most part probably of the less 
serious sorts, in 4.1% of the survivors.

Almost nothing was said of the way these abnormalities were detected, aside 
from the children usually being thought of as premature and therefore carefully 
watched for the first 5 days of life, with most perinatal mortalities, except for a few 
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macerated stillbirths, being autopsied. The protocol from hospital to hospital ap-
parently varied, as did the patient representativeness, but this was not detailed. The 
need for a control apparently was never entertained. Later studies in Sweden are 
considered elsewhere in this monograph.

Large Studies

The purpose of multicenter studies of reproductive outcomes of diabetic pregnancy 
should not merely be collecting the large number of subjects that may be needed to 
come to grips with difficult questions and their statistical analysis. The prime pur-
pose, rather, is to reach for greater representativeness of pregnant diabetic women 
overall, something not to be expected of patients referred to specialized clinics and 
large hospitals, who usually constituted a biased sample of this population. To the 
extent that investigators were alert to the dangers of misinterpretation presented 
by selection factors, and their success in minimizing them, the findings of multi-
center studies are credible. It might be argued of course that population-based stud-
ies would have an even greater advantage in this respect, a proposition examined 
below. Many multicenter studies have been conducted in recent years. Some of the 
more important ones are described here.

The Collaborative Perinatal Study

The mother of all multicenter studies was the Collaborative Perinatal Study spon-
sored by the then National Institute of Neurological Diseases and Blindness of the 
US National Institutes of Health (Berendes and Weiss 1970; Niswander and Gordon 
1972). It was a grand scheme whose purpose was to examine the relation between 
pre- and perinatal factors and later aberrant neurological development. To achieve 
this goal 14 university-affiliated medical centers were recruited to collect the re-
quired obstetric and pediatric information. The study continued for 7 years, ending 
in December 1965, with the final registration of 55,908 women and their pregnan-
cies.

The first report of the study concerned 39,175 women, about half of whom were 
white, half black, and dealt with perinatal death and neurological state at 1 year of 
age (Niswander and Gordon 1972, pp. 239–245). Relatively few of the women had 
diabetes, by which was probably meant pregestational diabetes, all together 254, 
giving the perhaps exaggerated prevalence of 6.5 per 1000 pregnancies, again about 
the same in whites and blacks. The only outcome of interest here, the so-called 
perinatal death rate, 14.2%, was excessive because it included deaths from the 20th 
week of gestation to the 28th day postnatal. White and black pregnancies were not 
different in this respect, perhaps because the black women included in the study 
were of urban origin and probably relatively well off socioeconomically (Berendes 
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and Weiss 1970). Congenital malformations were not mentioned at all, not too sur-
prising since the thrust of the study were neurologically handicapping conditions. 
All in all a big disappointing report.

More complete analyses of the voluminous data that dealt with aspects relevant 
here appeared in later years, but were not always useful. For example, from Boston 
came a report about newborns of diabetic women, providing data regarding over 
500 diabetic pregnancies, but whose incompleteness prevented their clear analysis 
(Hubbell et al. 1965).

A general inquiry into the etiological bases of cardiovascular malformations in 
the offspring of diabetic women found a frequency of 2.5% up to 1 year up of age, 
which was about three times that in children of nondiabetic women (Mitchell et al. 
1971a). This large figure was based on examinations “undoubtedly…more com-
plete in some centers than in others,” by pediatric cardiologists and other interested 
physicians, of children with definite or suspected congenital heart disease (Mitchell 
et al. 1971b). Although it cannot be compared with the frequency discovered in 
the perinatal period it is relevant because it is the result of augmentation by the 
emergence or recognition of such abnormalities during postnatal months and years 
(e.g. Neel 1958; McKeown and Record 1960; Mellin 1963; Hakosalo 1973; Kl-
emetti 1978; Hoffman and Christianson 1978; Christianson et al. 1981), even taking 
into consideration the deaths of some malformed children at various postnatal ages 
(McDonald 1961; Hardy et al. 1979; Myrianthopoulos 1985). This matter will be 
adverted to again below, when it will be seen to have made for imponderabilities 
in analyzing an even wider range of observations (Chung and Myrianthopoulos 
1975b).

Another matter of confusion in the Mitchell et al. (1971b) report is that it in-
cluded 786 women as diabetic, a far greater number than the 254 so reported by 
Niswander and Gordon (1972). This gave the unusual prevalence of about 14 per 
1000, which undoubtedly means that as well as pregestational diabetic pregnancies 
women with gestational diabetes and abnormal glucose tolerance were included, a 
conjecture supported by Naeye (1978) and notations seen elsewhere in this work.

A vast effort using the data of the Collaborative Study to examine the teratogenic 
potential of drugs found that 13 of 333 (3.9%) children of diabetic mothers had mal-
formations, a frequency believed to indicate an increased relative risk; but again this 
figure was inflated by the children being periodically examined during their first 4 
years of life (Heinonen et al. 1977, pp. 31, 430), as well no doubt as being based on 
inadequately examined controls. Mention of the outcome of diabetic pregnancies 
elsewhere in this publication was unclear.

The sparse details in the papers cited above were added to by several reports of 
the Collaborative Study which pertained to congenital malformations generally and 
to those in offspring of diabetic mothers in particular. It is not amiss to recall that the 
Collaborative Perinatal Study (which later was also sometimes called the Collab-
orative Perinatal Project) was a prospective investigation of the etiology of neuro-
logical and sensory disorders of children detected during the first 7–8 years of life.

Very complete accounts of the great variety of congenital malformations en-
countered in the entire number of children appeared in time (Myrianthopoulos and 
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Chung 1974; Chung and Myrianthopoulos 1975a; Myrianthopoulos 1975; Hardy 
et al. 1979). The account in Hardy et al. (1979, pp. 292–293) is especially revealing, 
since it presented the number of children with each listed abnormality diagnosed in 
the nursery and at 1 year of age, and thus revealed the greatly increased frequency 
that results from the protracted period of examination.

A full report of the malformations in the offspring of diabetic mothers enrolled 
in the study was made by Chung and Myrianthopoulos (1975b). But its design 
and intent defeated any great usefulness the findings may have had for the pres-
ent monograph. In one respect it was an advance, since it differentiated between 
the several forms of diabetes, but continued the hindrance that the numbers and 
types of abnormalities noted were those diagnosed throughout the first year of 
life. It had other problems as well. Though one can agree with the authors (Myri-
anthopoulos and Chung 1974) that the division of malformations into major and 
minor is sometimes arbitrary, still there is much agreement as to what is one or 
the other, and in this paper this was often disregarded—over half of the cases with 
abnormalities that were listed as major are generally considered minor or dubious. 
(The extent to which this practice can influence outcomes was articulated when 
Klemetti 1978 found “a trebling of…frequency if the definition is made wider 
than strictly structural malformations to include minor deviations and functional 
disturbances.”)

Another bias was introduced by including a large number of diabetic pregnancies 
from the Joslin Clinic. Since it was impossible to learn which defects were found 
neonatally and which discovered later the roughly doubled frequency of purported 
major malformations recorded in the children of the diabetic women was of no help 
in assessing the question of the teratogenicity of pregestational diabetes.

The Collaborative Study was also weakened by the number of women con-
tributed by the participating centers being very uneven. Almost 42% came from 
just two of them—the Boston Lying-in Hospital and the Pennsylvania Hospital in 
Philadelphia (Niswander and Gordon 1972). Which probably led to a serious bias 
as far as the ascertainment of congenital malformations was concerned—variable 
racial composition, which ranged from 0% white in New Orleans to 97.6% white 
in Buffalo (Myrianthopoulos and Chung 1974)—though the overall sample that 
was analyzed for the relation between maternal diabetes and congenital malforma-
tions was fairly evenly divided in this respect (Chung and Myrianthopoulos 1975b). 
Nevertheless, this wide disparity and the undoubted difference in patient selection 
and malformation diagnosis further diminished the value of the data so laboriously 
collected and analyzed.

United Kingdom Study

A questionnaire survey of many hospitals throughout the United Kingdom identi-
fied 773 women with pregestational diabetes giving birth in 1979–1980, almost 
90% insulin treated (Lowy et al. 1986b).
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Major congenital malformations were noted in 4.0% of births, which included 
some ineligible conditions such as Down syndrome, uncomplicated talipes, pat-
ent ductus arteriosus, and ventricular septal defect. The perinatal death rate, 5.6%, 
though less than in former years was still nearly four times that for all babies in the 
United Kingdom at that time. Nearly half of the malformations occurred in perinatal 
mortalities, which was probably an underestimate, as indicated by the malformation 
frequency in stillborns being 12.0%, far less than the 55.6% in neonatal deaths, 
which probably meant that many of the former were not or could not be autopsied.

The malformations were of many parts, some of them considered “relatively 
specific,” especially those of the heart and great vessels (which included, as noted, 
an unspecified number of offspring with patent ductus arteriosus and ventricular 
septal defect) and certain central nervous system defects. But no instance of anen-
cephalus and only one of spina bifida was mentioned, which is strange since these 
defects had a relatively high frequency in many regions of the United Kingdom. Of 
interest, because of their notoriety, but given no special attention by the authors, 
was the occurrence of three cases of sacral absence (the manner of whose diagnosis 
was unmentioned) and two of holoprosencephaly. In addition, minor malformations 
(defined as those “unlikely to interfere with the baby’s life”) were noted but whether 
associated with the major ones was not mentioned. Also an attempted analysis of 
the relation between 1st trimester blood glucose level and malformation incidence 
had no useful outcome, mainly because major and minor malformations were not 
considered separately.

Whether the surveyed women were representative of the overall pregnant dia-
betic population was uncertain, since only 38% of the 474 hospitals from which 
information was requested participated in the study, and on average less than one 
pregnant diabetic woman was reported for every 1000 pregnancies, though this var-
ied geographically from 0.3 per 1000 to 1.9 per 1000. [Such variations may be 
common; they were also noted in the many hospitals of an American metropolitan 
area (Miller 1965)]; whereas pregestational diabetes usually occurred in about 5–6 
per 1000 pregnancies [(Niswander and Gordon 1972; Kalter and Warkany 1983)]. 
Finally, the outcomes of the pregnancies comprised only those that were “fully ana-
lysed,” which was not explained.

National Institute of Child Health Study

The National Institute of Child Health and Human Development engaged with five 
US medical centers in a collaborative study of malformation and fetal loss in dia-
betic pregnancy in 1980–1985 (Mills et al. 1982, 1983, 1988a, b). Of the 626 insulin 
dependent diabetic women ascertained, 86% entered the study before or within 3 
weeks of pregnancy and 14% later than this time. Controls were obtained only for 
the early-entry group. Malformations were usually diagnosed only on the 3rd day 
after birth by trained examiners guided by a checklist of defects.

The frequency of major congenital malformations in the early-entry group was 
3.7% (or 2.3% if the isolated ventricular septal defects are omitted; the argument 
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for doing so is presented below in the chapter dealing with specific malformations 
in offspring of diabetic women), and in the late-entry group 7.2% (or 6.1% if again 
the venricular septal defects are omitted). The controls had a 1.0% frequency of 
major congenital malformations with no explanation offered for this unrealistically 
low level.

The apparently increased frequency in the early-entry group was not thought to 
be related to mean blood glucose and glycosylated hemoglobin levels during early 
pregnancy, a conclusion departing from conventional ideas about glycemic control 
and maldevelopment, and criticized, as will be seen in pages below where these 
topics are dealt with.

Matters regarding the design of the study must be considered. Both the diabetic 
and control subjects were highly selected. The former, recruited “by means of public 
appeals as well as through the medical system,” were without hereditary teratogenic 
tendencies themselves or in first-degree relatives, and diabetes in the latter was 
excluded; as were those being treated with potentially teratogenic pharmaceutical 
drugs for various diseases or disorders. The controls, employees of business corpo-
rations, medical centers, and prepaid health plans, were highly motivated volunteers 
whose pregnancies were planned.

The discrepancy between the number of diabetic women entering the study early 
who spontaneously aborted (as reported by Mills et al. 1988a; discussed above) and 
the number continuing their pregnancies was not explained. Last, the number of 
perinatal mortalities and the malformations occurring in them were not specified. 
The aspects of the study concerned with the relation between abnormal prenatal 
development and glycemic control in early diabetic pregnancy (Mills et al. 1988b) 
and with fetal growth delay (Brown et al. 1992) will be addressed below. All in all, 
an unsatisfactory study and report.

Recent Studies

A California program encompassing 19 clinical units in eight perinatal centers dur-
ing 1986–1988 registered 572 pregestationally diabetic women (Cousins 1991c). 
The fraction this number comprised of the total of such pregnancies in the areas of 
the state surveyed during this time was not mentioned. The report of this apparently 
ambitious program was especially disappointing because its many numerical dis-
crepancies and other inadequacies made its congenital malformation and perinatal 
death data difficult to interpret.

Diabetes Control and Complications Trial

In a US nationwide multicenter study in 1983–1993 half of the 270 pregnancies 
of insulin-dependent diabetic women were managed intensively and half conven-
tionally (Anon. 1996). But because the project ended unproductively, so to speak, 
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there being no significant difference in outcome between them, the pregnancies 
will be considered together. The rate of spontaneous abortion was 11.8%, i.e. within 
expected limits; another 2.2% were induced abortions, half with congenital malfor-
mations. Finally, the perinatal death rate was 15.2%. This left 191 live births, nine, 
4.7%, with congenital malformations called major, but omitting three of the im-
probable ones left 3.1%, close to the usual level. The conclusion was that intensive 
therapy begun early had no effect on pregnancy outcome.

Denmark Studies

The earlier series of studies in Denmark, described above, of the detrimental effects 
on offspring of maternal type 1 diabetes, continued with a study noting a significant 
discovery regarding such births in the Rigshospital in Copenhagen in 1967–1986 
(Damm and Mølsted-Pedersen 1989). Namely, major malformations whose fre-
quency in 1967–1981 had been constant at 7.4% declined thereafter to 2.7%. And 
while this was greater than the 1.7% in nondiabetic controls it no longer seemed to 
be related to severity of the maternal disease. The feeble explanation of the decline 
was that the later pregnancies had been planned. More likely ones, such as modi-
fied malformation definition and mortality trends (prenatal and perinatal death were 
unmentioned), were neglected. Other aspects of this report are discussed below.

The series, overlapping somewhat, continued with a multicenter study of con-
secutive pregnancies of type 1 diabetic women in 1976–1990 in 11 hospitals in 
Northern Jutland, the majority in the main obstetric hospital at Aalborg (Nielsen 
and Nielsen 1993). Early spontaneous abortions occurred in 11.1% of uninterrupted 
pregnancies, not an unusual level; while in the remaining ones 4.3% died neona-
tally; all were autopsied and one found multiply malformed, giving a rate of major 
malformations of 3.1%, and an additional 2.4% minor; the number of the former in 
mortalities was left unstated however, clouding the full analysis.

A prospective large scale study of consecutive type 1 diabetic pregnancies was 
conducted in eight nationwide centers in 1993–1999 (Jensen et al. 2004). Admis-
sion to hospital was later than the first trimester, spontaneous abortion thus was not 
noted. The perinatal death rate was 5.3%, significantly greater than the population 
one of 1.2%; as was the 5.0% of congenital malformations (comprising many sys-
tems, predominantly cardiovascular) greater than the background of 2.8%. How-
ever, only half of the malformations were major and the proportion that occurred in 
the perinatal mortalities was not stated. Thus the important fact of the individal fre-
quency of major malformations in perinatal mortalities and in survivors was again 
left unstated.

A recent report contained a startling number (Nielsen et al. 2006a). In a study, 
whose focus was the association of adverse pregnancy and glycemic level, insulin 
dependent pregnancies in North Jutland County during the wide interval of 1985–
2003 had a spontanous abortion frequency, unless I am seriously misreading the 
article, sharply increased to 21.6%—unremarked upon—from the earlier reported 
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11.1%. Unnamed major and minor congenital malformations were seen in 4.3 and 
4.5% respectively of uninterrupted pregnancies; which is an exaggeration, since 
once more it included those in perinatal mortalities.

The latest identified report concerned type 1 diabetic pregnancies from eight 
centers notified to a central regisry in 1993–1999 whose purpose again was exam-
ining the association of adverse pregnancy outcome and glycemic status (Jensen 
et al. 2009). The overall frequency of major congenital malformations was 2.5%, 
just less than the 2.8% in perinatal mortalities. Overall the malformation frequency 
appeared to be related to the degree of periconceptional glycemic control, ranging 
from 10.9% at levels greater than 10.4% HbA1c to 3.9% at less than 6.9%, but with-
out a significant relation.

France Studies

A survey evaluating outcomes of pregnancies of pregestational diabetic women was 
conducted in numerous perinatal centers in 2000–2001 (Boulot et al. 2003). The 
outcomes in type 2 women were summarized above. Those in the type 1 women 
were similar, perinatal death, 6.6%, and congenital malformations, 4.5%, unnamed, 
but occurring largely in the mortalities, again despite preconception control efforts.

A report of type 1 diabetic pregnancies in Nice in 1999–2002, mentioned above 
with respect to type 2 pregnancies (Hiéronimus et al. 2004). Again it was not pos-
sible to analyze because the malformations were not named and the proportion of 
malformed offspring that died perinatally was not stated.

In a retrospective multicentric study women with type 1 diabetes were treated 
during pregnancy with insulin glargine, a long-acting insulin analogue (Lepercq 
et al. 2010). In the 102 pregnancies the low frequency of one stillbirth and two ma-
jor congenital malformations was, of course, attributed to the treatment.
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Most of the studies this monograph is concerned with—hospital-based studies of 
pregnant diabetic women—were conducted in special medical facilities, including 
diabetes clinics, i.e. facilities whose patients may have needed special care, and who 
therefore may not have been a true cross-section of all pregnant diabetic women in 
that time and place.

The consequences of the diabetes in these women may therefore not truly repre-
sent the consequences in all its sufferers. This uncertainty may have been added to 
by the limited number of subjects that such studies included, regardless of the size 
of the facility and the number of years of the study; in fact the longer it continued, 
owing to changes over time, the less typical the study group may have been, making 
generalization more hazardous.

Two types of study were made—multicenter and population-based—to reduce 
unreliability and yield more valid interpretation. The main purpose of the former 
was to enlarge the sample and allow more acceptable conclusions. What it could not 
do was minimize unrepresentativeness; although the aggregate number of subjects 
may have been much greater than most centers could each provide, they were still 
usually composed of diverse and nonrandomly selected women.

The goal of the latter was to survey the entire population of subjects in a geo-
graphical area during a prescribed interval. But such studies had their own brand of 
problems, since they relied on sources of information—public-health and vital sta-
tistics certificates, alone or sometimes supplemented by various hospital records—
that often proved to be deficient in important details regarding both mother and 
child; exemplified by the difficulties encountered in various studies of congenital 
malformations (Knox et al. 1984; Greb et al. 1987; Calle and Khoury 1991; Snell 
et al. 1992; Stone 1992).

Population-based studies nevertheless can provide insights not obtained other-
wise. Such efforts proceed along two paths, from alleged cause to supposed effect 
or vice versa. Thus in the examples examined below the studies started either with 
diabetic pregnancies to learn whether they resulted in congenitally malformed off-
spring more often than did nondiabetic pregnancies; or with malformed offspring 
to learn whether more of their mothers were diabetic than those of nonmalformed 
offspring. The first type is called a cohort study and the second a case-control study. 
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In both the key ingredient is unbiased ascertainment of the subjects and suitability 
of the controls.

Cohort studies of the outcome of pregnancy in diabetic women have sometimes 
relied on information obtained from vital statistics documents, supplemented by 
cross reference to hospital records of births and deaths and other sources of data; 
and sometimes, when the study was confined to a limited region, on information 
obtained from all or most of the hospitals in a region. The latter thus became mag-
nimulticenter studies, and were often beset by some of the difficulties inherent in 
more conventional multicenter studies.

Cohort Studies

The ultimate cohort study relied on congenital malformations recorded on birth 
certificates—which it may be noted are seldom to be relied on for completeness or 
accuracy (e.g. Hexter and Harris 1991; Cooper et al. 2008). Nevertheless—

Birth Certificate Studies

Certificates of live birth and fetal and infant death in 1958–1959 from the New 
York City Department of Health disclosed that the frequency of congenital mal-
formations in offspring of diabetic women, as noted within 48 hours of delivery, 
was 8.3%, versus 1.5% in the entire sample of births, the rate in fetal deaths 
being about five times that in live births (Erhardt and Nelson 1964). These fig-
ures are based on abnormalities many of which were not major malformations, 
e.g. clubfoot, hernias, hemangiomas, neoplasms, etc. (some whose admissabil-
ity the authors themselves were skeptical of), or ineligible, “Mongolism,” or un-
specified, digestive system, bone and joint, etc. Some clearly major ones, such 
as anencephalus and spina bifida, however, were ascertainable, at 1.71 per 1000 
births, and showed their usually ethnic proclivities. The type of the diabetes was 
not specified, but its apparently low prevalence, 2.1 per 1000, perhaps indicated 
failure to identify all diabetic women. These uncertainties, plus unreliable control 
data, make any overall conclusions regarding outcome of diabetic pregnancy from 
such sources precarious.

A similar survey of birth certificates, but of live births only, in Hawaii in 1956–
1966, revealed far smaller frequencies of malformations, still larger however in 
diabetic than nondiabetic pregnancies, 1.8% vs 0.9% (Goodman 1976). The low 
frequency in the former may have been due to the dilution of the outcome by the 
inclusion of gestational diabetic and glucose intolerant pregnancies; but was not 
likely to have been significantly affected by only live births having been surveyed. 
However, even this low rate was magnified by including defects that could not be 
attributed to maternal diabetes: a Down and rubella syndrome, as well as several 
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other inadmissible defects, omitting which reduced the frequency to 0.9%, almost 
identical with that (the unrealistically small one) in the nondiabetic pregnancies.

Swedish Birth Registers

Motivated by the thalidomide catastrophe (Lenz 1961; McBride 1961) Swedish 
medical authorities in 1964 set up a national system of surveillance of congenital 
malformations, accounting for more than 99% of the births in the 50 hospitals in the 
country, for the purpose of prompt warning of the presence of new environmental 
teratogens (Källén and Winberg 1968). Fortunately, little evidence of such a pres-
ence was detected (Källén 1987a, 1989). But another use to which the registry was 
put—examining the possible effects on offspring of maternal diabetes, among other 
selected maternal diseases and various problems—furnished some positive results, 
which however were only sparsely published (Källén 1987a, b, 1989).

Dr. Bengt Källén (1985, Analysis of deliveries among diabetic women in Swe-
den: 1978–1981. Personal communication) was kind enough to send me a detailed 
list of the malformations in offspring of women with diabetes “during pregnancy” 
in 1978–1981. The Medical Birth Register noted 1,512 such pregnancies, being a 
prevalence of 4 per 1000 births (close to that found somewhat later in Sweden—
Pradat 1992a). This was considered to be higher than usual, an excess believed to 
be due to “25% of cases which do not fulfill the criteria of what is usually called 
diabetes….” From this it was further reasoned that the pregnancy outcome risks 
discovered probably were underestimates in the same proportion.

As defined by the then current ICD (WHO Classification of Diseases) 7.5% of 
the offspring were congenitally malformed, whereas the Swedish Register of Con-
genital Malformations noted 2.3%, the difference accounted for by exclusion of 
numerous minor or doubtful defects (Källén and Winberg 1968). The rate of perina-
tal death was 2.7%, of which 24.4% had “significant malformations” (4.2% of still-
births and 52.9% of neonatal deaths—a difference of a sort found elsewhere noted 
in the present writing; the reason for the low frequency in the former thought to be 
that malformations were a lesser cause of such deaths. The frequency of undoubted 
major malformations in the survivors was 2.7%; while the 24.2% malformation fre-
quency in the perinatal mortalities of the diabetic women was not statistically sig-
nificantly different from the 20.0% in the entire population surveyed (Källén 1989).

A wider-ranging survey, in 1960–1980, of death of offspring of diabetic wom-
en noted a continuously and rapidly declining perinatal death rate, from 24.3% in 
1960–1966 to 1.1% in 1974–1980, till the difference between it and that in nondia-
betic births became almost negligible; while the infant death rate remained twice 
that in the nondiabetic population, due to the high level of lethal malformations 
(Olofsson et al. 1984b).

A prospective nationwide study of 80% of the pregnancies with type 1 diabetes 
in 1982–1985 was conducted at 36 regional and county hospitals (Hanson et al. 
1990; Hanson and Persson 1993). The pregnancies were followed from the time the 
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women were enrolled in the study, which was at about 9 weeks of gestation, which 
may have been the reason for the low spontaneous abortion frequency, 7.7%. Still 
this was very close to the 7.2% in the randomly chosen nondiabetic control preg-
nancies. Despite the women receiving the best medical care of the day the perinatal 
death rate continued to be over four times that occurring in the general population. 
A total of 4.2% congenital malformations was found at examination on the day of 
birth, over half of minor varieties, leaving 2.0% major, compared with a low 1.0% 
in the controls (none of which were specified in either group).

Little further has thus far appeared regarding the total population, most recent 
studies being limited to certain regions of the country or to certain malformations. 
One compared the effects of metabolic control during different periods in 1982–
1993 in a county hospital in rural Ostersund, in a diabetic care program said to be ef-
ficacious, as judged by the perinatal death of 4.2% and a similar somewhat elevated 
congenital malformation 4.2%, while the miscarriage rate, 14.3%, continued along 
the usual line (Nordström et al. 1998).

Records in several health registries in 1987–1997 indicated that births to women 
with preexisting and gestational diabetes had total congenital malformation rates of 
9.5 and 5.7% respectively, the latter similar to the population rate, while the exces-
sive one in the former was due to including minor and otherwise ineligible defects 
such as hypospadias and polydactyly (Aberg et al. 2001).

A national study focusing on the fertility of type 1 diabetic women was lim-
ited to live births, and only secondarily noted congenital malformation frequency; 
which was said to have continuously declined, from 11.7% in 1973–1984 to 6.9% 
in 1995–2004, the overall frequency in the whole period being 7.4%, and 4.2% in 
the general population (Jonasson et al. 2007). Details allowing judgment of these 
figures, said to be noted in an Appendix, was inaccessible however.

The most recent report of the subject available to me was a population-based 
study of type 1 diabetic pregnancies in 1991–2003, encompassing almost all such 
pregnancies (Persson et al. 2009). Even at this late date unfavorable outcomes con-
tinued to be significantly more frequent than in the control group, i.e. the general 
population, namely, perinatal death 20.0% vs 4.8%, early neonatal mortality 5.1% 
vs 1.8%, major malformations 4.7% vs 1.8%. Although the malformations were not 
named a significant proportion were lethal. Here and in the Jonasson article, how 
the general population data were derived was not noted.

All in all, reports from this part of the world in the last 50 or so years seem not 
to have recorded any remarkable improvement in the fate of conceptions of diabetic 
women.

Washington State Birth Register

A review of diabetic pregnancies in Washington in 1979–1980, as identified through 
birth and fetal death certificates supplemented by records from hospitals and birth-
ing centers, aspired to include about 95% of births in the state (Vadheim 1983; Con-
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nell et al. 1985). This ambitious attempt fell far short however, fewer than half the 
diabetic pregnancies being recorded on vital statistics certificates; yielding a preva-
lence of 2.1 per 1000 live births and fetal deaths, significantly less than often found 
elsewhere. The control consisted of pregnancies of nondiabetic women randomly 
accessed from birth and death certificate files.

About a quarter of the pregestational diabetics did not require insulin, making 
it likely that some of them were mislabeled, and the prevalence even less than 2.1. 
Also separately ascertained were women with gestational diabetes, with a preva-
lence of 2.9 per 1000, lower than often noted, suggesting underdiagnosis or under-
reporting.

Numerous inconsistencies and inadequacies regarding congenital malformations 
found their way into the findings, probably because the study depended on sources 
of data of variable quality. The inquiry having essentially an epidemiological thrust, 
the authors gave much attention to its design and to the classification of diabetes in 
pregnancy and less to considering the possible incompleteness and unreliability of 
the civil and hospital records the survey was based on.

The data, as presented in two discrepant tables, showed that the frequency of 
major congenital malformations in the offspring of pregestational diabetic women 
was about 13.0%, significantly greater than the 1.8% in the nondiabetic controls. 
The likelihood that the former was inflated and that the latter underreported were 
not considered. Nor was it mentioned that findings at postnatal ages were included 
in the figures.

The detailed list of congenital malformations in the case infants, appended to 
the thesis, revealed as supposed that many of them were not major. One set of the 
listed malformations is worth describing. It consisted of five instances of the caudal 
regression syndrome and two of sacral absence, three of the seven in gestational and 
four in pregestational births, an unusually large number of these rare abnormalities 
to exist in a relatively small sample. Descriptions of the defects offer a clue to this 
abundance. One of the sacral ageneses was described as follows—presumably cop-
ied from the original record: “Hypoplastic lower extremities, with flexion contrac-
tures of ankles (sacral absence),” which probably means that the person originally 
diagnosing the abnormalities, following the misconception of the day, interpreted 
the lower-limb defects as being equivalent to sacral absence. The second was de-
scribed as consisting of “sacral agenesis and caudal regression,” together with facial 
asymmetry, etc., leaving an unclear picture. One of the five instances of the caudal 
regression syndrome was accompanied by urogenital and other defects, including 
polysplenia, and another by imperforate anus. Those remaining were called “clas-
sical,” a designation not without ambiguity. Since no definition or description was 
given of what caudal regression syndrome was considered to consist of, doubt must 
remain that the defect in these cases was that thought to be specific for diabetic 
embryopathy—especially since three of the seven instances occurred in infants of 
gestational diabetic women, in whom the frequency of congenital malformations 
was not increased (Kalter 1998).

Such indefiniteness was rife [but shared by many authors who were equally 
vague about such matters; e.g. Ramos-Arroyo et al. (1992), in a table listing malfor-
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mations included “caudal dysgenesis,” by which was meant “agenesis or hypopla-
sia of the femur, sacrum and/or lower vertebrae,” a truly mixed bag, and truly and 
hopelessly confusing any attempt to relate a specific embryopathy with the maternal 
disease].

A bit helpful in compensating for the overall inadequacies of the study were the 
perinatal death data. Regarding its rate there was little difference between the pre-
gestational diabetic and control pregnancies, 11.6% vs 8.4%. Malformations overall 
suffered from inadequate information, but its frequency in the diabetic mortalities 
was significantly larger than in the controls, 43% in perinatal mortalities and 21% 
in late fetal losses, probably owing to toutomehe special attention given the former.

Finally, the validity of the composition of the control was questionable. The 
births of the diabetic women took place in 38 of the nearly 90 hospitals in the state 
(Connell et al. 1985), while those of the control women, being a random selection 
from the vital statistics documents, had apparently occurred in all or nearly all the 
state hospitals. Further biasing the outcome, 79% of the diabetic women gave birth 
in just 16 of the 38, the largest and best equipped hospitals, those in which it can be 
safely assumed the offspring of women referred for special treatment received close 
attention. For all the reasons mentioned no great trust can be put in the supposedly 
increased congenital malformation frequency in diabetic pregnancies found by this 
population-based study.

Norwegian Birth Register

A population-based study in Norway made use of the national legal requirement 
that all offspring of at least 16 weeks’ gestation be registered 7 days after delivery 
(Jervell et al. 1980). Such records revealed a prevalence of diabetic pregnancy in 
1967–1976 of 1.6 per 1000, low according to some type 1 population estimates. A 
malformation frequency of 4.3% was noted in diabetic pregnancies versus 3.0% 
in all births with the excess accounted for by cardiovascular and central nervous 
system abnormalities. The defects were not completely spelled out and their asso-
ciation with perinatal death was unclear; which was no doubt of some importance 
since perinatal death decreased appreciably during these years, from 17.7 to 6.1%. 
Also, while the diabetes was usually present before pregnancy, the proportion insu-
lin dependent was unknown, this fact not being included on the registration record.

Similar difficulties were present in a report of outcomes of diabetic pregnan-
cy in the general population in 1982–1990, with an apparently high 6.4% major 
malformation frequency noted (Apeland et al. 1992). Detailed consideration of the 
findings was precluded however because the article was in Norwegian, only an 
inadequate English summary being available (my ignorance of the language to be 
blamed on a typically inadequate American education).

A recent account of congenital malformations in newborns of women with type 1 
diabetes in 1999–2004 noted a 5.7% frequency, not otherwise described but exclud-
ing minor anomalies defined according to the EUROCAT system, the predominant 
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defects being of the cardiovascular system, 3.2% (Eidem et al. 2010). No informa-
tion was given regarding the proportion of the defects occurring in perinatal or other 
mortalties.

Australian Birth Registers

A survey of the association of maternal diabetes and congenital malformations 
was conducted in Aboriginal and nonaboriginal individuals in Western Australia 
in 1980–1984 (Stanley et al. 1985; Bower et al. 1992). The distinctness of the two 
groups was shown by the 18 times greater proportion of noninsulin-dependent pre-
gestational diabetes in the former than in the latter; the probable explanation being 
that the Aboriginals were prone to precocious insulin dependent type 2 diabetes, 
resembling in this respect the Pima Indians discussed elsewhere in this work. This 
supposition was supported by the almost seven times greater prevalence among 
them of what was called gestational diabetes, which however apparently consisted 
mostly of glucose intolerance.

Analysis of the congenital malformations was barred by their not being named 
in detail and by the unclear tabulation of the findings. This was clarified by the 
enumeration Dr. Carol Bower kindly sent me of the abnormalities in the affected 
children born during these years; which indicated that the conditions in one-third of 
them were diagnosed at postneonatal ages up to 3 years, and that many others had 
inadmissible defects (congenital hip dislocation, hypospadias, trisomy 21, congeni-
tal hypothyroidism), or were misdiagnosed. Almost 40% of the defective offspring 
were Aboriginals, with a frequency of 15.3%, while in nonaboriginals it was 7.3%. 
In sum it was not possible to calculate the frequency of acceptable congenital abnor-
mality for either group. It is regrettable that the enumeration of malformations was 
less clear and complete than in a contemporary review of perinatal death (Bower 
et al. 1984).

A publication from South Australia was equally confused (Sharpe et al. 2005). It 
dealt with live- and stillbirths in 1986–2000 of women with preexistent diabetes and 
gestational diabetes or impaired glucose tolerance, with prevalences respectively of 
3.4 per 1000 and 23.9 per 1000 (the latter of course meaningless). Defects consisted 
of those diagnosed before the age of 5 years, so it is not surprising that their fre-
quency was high, 10.9%. The defects that it can be taken for granted were present 
at birth were limb reduction defects, renal agenesis, transposition of great vessels, 
orofacial clefts, tracheoesophageal and anorectal atresia, neural tube defects, etc., 
with a total of 1.6%.

An account of births in a maternity hospital in Melbourne in 1971–1988 to wom-
en with “established” (82% insulin dependent) and gestational diabetic pregnancies 
was largely limited to reporting congenital malformations in the perinatal mortali-
ties of the gestational diabetic women (White and Beischer 1990). For what it may 
be worth, five of the 15 mortalities had defects such as anencephalus, acrania, and 
spina bifida, which were obviously unrelated to the maternal condition, being pres-
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ent before the diabetes developed, a matter unacknowledged by the authors. Gesta-
tional diabetes was almost 20 times as common as the so-called established form, 
while the perinatal death rate though quite low was three times as common in the 
latter as in the former. The ethnic composition of the population, a subject of some 
importance in gestational diabetes, was disregarded.

A report of the outcome of pregnancies of type 1 and type 2 diabetic women in 
1989–1998 was based on notes in a hospital in Sydney, New South Wales (Gunton 
et al. 2000). Though both were called pregestational, type 1 women were apparently 
insulin dependent while those with type 2 were not. Not surprising, a far larger pro-
portion of the former were Caucasian than the latter. Strangely, there were said to 
have been no perinatal deaths at all, and not so strange, no major abnormalities in 
type 2. Some of congenital malformations called major cannot be considered such 
at all, namely epilepsy and cerebral palsy, while some cardiovascular conditions, 
e.g. partial anomalous pulmonary venous drainage, may not be serious.

One additional consideration. Ultrasonography detected an anencephalus and a 
spina bifida at 16 weeks gestation, both aborted, with no reason stated for the pro-
cedure in the first place. Discounting small sample size, compared with population 
statistics, this number seems to be beyond expectation (Mathers and Field 1983). 
It must be remembered however that New South Wales apparently did not have 
a mechanism for reporting early termination of pregnancy (Lancaster and Hurst 
2001), and hence this may only be an apparent elevation.

Hesse Birth Register

Like some others the study in Hesse drew on the records of so many hospitals and 
covered so large a fraction of the population, about 78% of all born in 1982–1986, 
that it could be considered the equivalent of a conventional population study (Lang 
and Künzel 1989). The use of the omnibus term diabetes mellitus permitted 446 
diabetic pregnancies to be identified, some unknown number of which were not 
the pregestational form. Congenital malformation data were vague and nonspecific, 
the total being 2.8% in diabetic cases and 0.5% in controls. Supposedly guiding 
the diagnosis was a computerized listing of many individual malformations, which 
however were not specified nor seemed to have been followed. The only thing to 
say for this project is that even a large population sample all by itself is not in the 
least a guarantee of definitive results.

Maine Birth Register

Pregnancies of pregestational diabetic women in 1987–1990 were identified through 
a regional network of private and hospital-based physicians (Willhoite et al. 1993). 
Of the 185 pregnancies 30 (16.2%) ended in fetal or neonatal death and 9 of the sur-
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vivors (5.8%) were congenitally malformed, none of the defects named. In the ap-
proximately one-third of women who received preconception education to prevent 
adverse outcomes of pregnancy the malformation frequency was 1.7% and in the 
others it was 8.2%. Aside from the one defect in the former group, said to be major, 
none was characterized; but according to the authors the frequency difference was 
not significant. These results will be considered further in the section dealing with 
attempts to prevent malformations by counseling before or early in pregnancy.

Iceland Birth Register

Since 1974 all diabetic patients in Iceland have been cared for in the National Uni-
versity Hospital in Reykjavík, containing the only diabetic clinic in the country. 
This centralization enabled a validated prevalence of 1.4 per 1000 of type 1 diabe-
tes to be determined, the lowest of any Nordic country (Hreidarsson et al. 1993). 
It also permitted identification of all pregnancies of diabetic women in Iceland; in 
1981–1990 there were 86 such occurrences, two-thirds type 1 and one-third type 
2, glucose intolerant, or gestational diabetics. In all of which there were two fetal 
anomalies, both cardiac, one occurring in the two perinatal mortalities, the other 
successfully surgically repaired. Assuming the worst case—that both malformed 
children were offspring of the 57 type 1 diabetic women—the frequency of the 
abnormalities was 3.5%, close to that expected for populations as a whole. Per-
haps this survey done in a small island nation came closest to a definitive answer 
to a perplexing question. It might have been clinched had a control been included.

English Birth Registers

The outcome of births of diabetic women in 1994 in hospitals in a northern region 
of England, most of whom were pregestationally insulin dependent, was briefly, not 
to mention confusingly, described (Hawthorne et al. 1997). Of 113 pregnancies 29 
were said to have had adverse outcomes, presumably including those not reaching 
the 24th week of pregnancy. The perinatal death rate was 4.6%; the majority being 
malformed left but a few of uncertain number among the survivors. The congenital 
malformation rate was 8.2% (9/109; 6 of the 9 fatalities) were not named. From the 
point of view of this work, a nearly worthless report.

The outcomes of 462 pregnancies in 1990–1994 of pregestational insulin-depen-
dent diabetic women in maternity units in a northwest region of England were well 
depicted (Casson et al. 1997); 16.9% of the pregnancies spontaneously aborted, 
the vast majority in the 1st trimester, not an unusual total proportion; and again 
not unusually, a small number, 1.3%, were congenitally malformed. Quite different 
were the induced abortuses, comprising 5.2% of all pregnancies, 37.5% of which 
were malformed, the malformations unnamed however. Of the nonabortuses 3.6% 

Cohort Studies



150

were perinatal mortalities, another 0.83% died postneonatally, 50.0% congenitally 
malformed. Of the survivors 27 were said to be malformed, a seemingly high 7.8%. 
Unfortunately the important matter of what malformations the survivors had was 
glossed over, not being well spelled out.

Of those named, cardiovascular defects were commonest, occurring in all of 
the perinatal mortalities as well as 2.5 per 1000 of the liveborn. The other defects 
mentioned were unnamed, renal and skeletal malformations and hypospadias, but 
relatively few and probably none major. As elsewhere therefore, malformations did 
not occur beyond the frequency expected for mortalities and survivors.

One further matter must be noted, that in the total of 462 pregnancies not one an-
encephaus was mentioned, in an area in which this conspicuous anomaly is not rare 
(Kalter 2009). However a considerable number of pregnancies were “terminated 
because of a congenital malformation.” Strangely, none was named. Were any of 
them anencephalus?

By contrast was a brief note regarding pregnancies in Norwich in the east of 
type 1 diabetic women in 1991–2000 (Temple et al. 2002). There were 7.4% spon-
taneous abortions, 2.5% perinatal mortalities, and 3.6% congenital malformations, 
three-quarters of which were neural tube defects, obviously in the perinatal mortali-
ties; all in all not an unusual outcome.

Case-Control Studies

We move now to case-control studies, a type of population-based examination of 
the association of maternal conditions and congenital malformations, which has a 
relatively young history.

Finland Study

The earliest such study of diabetic pregnancy appears to have been conducted in 
1965–1973 by the Finnish Register of Congenital Malformations, which examined 
the prevalence of “diabetes mellitus,” various infectious diseases, and other prob-
lems in women who gave birth to infants with central nervous system malforma-
tions (Granroth 1978).

Based on the finding that 1.5% of the 710 cases of all central nevous system 
defects occurred in offspring of women with diabetes and that none of the controls 
was diabetic, it was considered that the defects were significantly associated with 
the maternal condition. Two facts weakened this assumption: first over one-third of 
the abnormalities on which it was based were hydrocephalus and microcephalus, 
two defects, as noted above, of mixed etiology and vague diagnostic criteria; and 
second the Finnish registry required the notification of all malformations detected 
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not only at birth but during the 1st year of life (Saxén et al. 1974), diminishing the 
usefulness of the outcome for evaluating defects present at birth.

Japan Study

A novel variation of the case-control approach was taken by Matsunaga and Shiota 
(1980). They examined 3,474 well preserved, undamaged abortuses induced for 
sociomedical reasons, as permitted by Japanese law (Nishimura et al. 1968). The 
women undergoing the procedure were apparently a random sample and the mor-
phological condition of the embryos was unknown to the gynecologists performing 
it. Six of the abortuses came from women with “diabetes mellitus,” seemingly a 
low incidence of the disease, until it is recalled that Japan been reported to have 
a low prevalence of insulin dependent diabetes (Patrick et al. 1989; World Health 
Organization Multinational Project 1991). Only one of the ‘diabetic’ abortuses had 
a malformation, a myeloschisis, a frequency not significantly different from that in 
the entire sample.

Other Reports

In a study at the Children’s Hospital in Philadelphia of 150 children with myelome-
ningocele and 22 with anencephalus, the mothers of none of the former and one of 
the latter was an “overt” diabetic (Eunpu et al. 1983), fewer than expected, accord-
ing to a calculation made by the authors.

In a recently published study from Hungary of the occurrence of type 1 and 2 and 
gestational diabetes in women with malformed infants an occurrence greater than 
that in background data was found only in the first group, 0.35%, with few specific 
defects, unnamed cardiovascular malformations, etc. (Bánhidy et al. 2010).

Atlanta Study

Casting a wider net, a study was made of all “serious or major” malformations 
in liveborn infants diagnosed by 1 year of age of women with insulin dependent 
presumably pregestational diabetes in the five-county metropolitan Atlanta area in 
1968–1980, relative to those in the background population (Becerra et al. 1990).

The absolute frequency of malformations in the case women was not stated, 
only the risk of defects relative to that of the population; this being 7.9, implying 
an 18% medically validated major malformation frequency in offspring of diabetic 
mothers, far greater than even the most convinced and enthusiastic believers in the 
teratogenicity of diabetes had ever claimed in recent times. Even larger risk ratios 
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were calculated for certain specific malformations, especially of the central nervous 
and cardiovascular systems, even though the authors stated it seemed these infants 
were not “particularly prone to a characteristic pattern of defects.”

The prevalence of insulin dependent diabetes in the case and control mothers 
was 5.3 per 1000 and 0.7 per 1000 respectively, the latter extraordinarily low. Posi-
tive replies by case mothers to the question “at any time before [date of index birth] 
were you ever diagnosed as having diabetes or sugar diabetes?” were not medically 
validated; negative replies by the control mothers were not. The authors defended 
this inconsistency by asserting that the possible underascertainment of insulin de-
pendent diabetes should have been negligible; but then themselves explained it by 
the absence of routine intensive diabetes screening of the area’s population during 
the study period.

All information was gathered from interviews of both parents, which consisted 
of a large number of questions, expected to take 45 minutes for each (Erickson et al. 
1984b). This was undoubtedly a burden to all, but without doubt considered more 
intrusive by parents of normal than malformed children and, as it has often been 
found, were probably answered less patiently, fully, and accurately by the former 
than the latter.

Other problems and weaknesses besetting the study can also be mentioned. Con-
trol mothers were selected from birth certificates of children “without defects;” the 
accuracy of which with regard to the recording of malformations has frequently 
been found wanting (e.g. Gittelsohn and Milham 1965; Mackeprang et al. 1972; 
Hexter and Harris 1991). The case infants included stillbirths as well as live births; 
the controls only live births. An unstated number of the malformed case infants 
were diagnosed postneonatally, as revealed by the list of defects given by Erickson 
et al. (1984a); there was no opportunity for doing so in controls. This list also re-
vealed that a substantial number of the defects were either not major malformations 
or had a known or probable etiology. The relative risks were based principally on 
occurrence of individual malformations, not on that of malformed infants.

It was also mentioned incidentally that the study included a relatively small pro-
portion of women with gestational diabetes, whose children had a risk of malforma-
tions that was found to be as great as those of insulin dependent ones, a matter that 
alone casts doubt on the project as a whole.

Further comments: The material had originally been gathered for the purpose 
of assessing the risk of US Vietnam veterans for fathering children with congeni-
tal malformations, and may have suffered to some extent from the constraint the 
original investigation was under to “be completed as quickly as possible” (Erickson 
et al. 1984a).

Finally, information regarding many aspects of maternal health before and dur-
ing the index pregnancy were obtained from mothers of the malformed and matched 
control children by telephone interview 2–3 years after the births (Erickson et al. 
1984b). Not all parents were located or cooperated, and for only about 70% of the 
eligible individuals in each group were interviews completed. Participation was 
lower for nonwhite than white mothers, who formed one- and two-thirds respec-
tively of all births.
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Baltimore-Washington Infant Study

Recent case-control studies were generally more ambitious than the few earlier 
ones. Typifying them was the Baltimore-Washington study. This was a survey of 
liveborn children with cardiovascular malformations whose purpose was to exam-
ine its association with maternal diabetes (Ferencz et al. 1987). The malformed chil-
dren were identified through a search of the records of 53 hospitals in Maryland, the 
District of Columbia, and five northern Virginia counties, supplemented by hospital 
pathology and vital statistics death records. The malformations of concern were 
those identified at birth or confirmed before 1 year of age by autopsy or various 
diagnostic procedures performed at six pediatric cardiology centers. From these 
numerous and diverse sources infants with various malformations of the heart and 
great vessels born in 1981–1987 were identified.

The mothers of the malformed children and those of a randomly selected control 
group were interviewed in their homes some months after the births, at which time 
whether or not they were diabetic or had diabetes apparently from before or only 
during the index pregnancy was ascertained, statements that were not confirmed 
medically. Significantly more case mothers claimed to be pregestational diabetics 
than controls (1.5% vs 0.5%). Gestational diabetes was also increased in the former, 
but not significantly. An analysis of individual types of cardiovascular malforma-
tions indicated that only a few were significantly increased (double outlet right 
ventricle, truncus arteriosus, tetralogy of Fallot, ventricular septal defect), while 
many others were not.

The study had several shortcomings, which detracted from its impressiveness, 
the most serious and obvious being its entire reliance on unconfirmed maternal re-
call at unstated, perhaps delayed, times after the births. As the authors admitted, this 
probably led to “misclassification of true overt and gestational diabetes.” At least 
as serious is the well known difficulty, as McKeown (1988, p. 104) put it, that “…
mothers who have had an abnormal child report a higher frequency of many occur-
rences than mothers whose children are normal.” Evidence of this was the elevated 
frequency of many sorts of cardiovascular malformations in children of gestational 
diabetic mothers.

Perinatal death is another matter of concern. Some of the abnormal infants died 
perinatally and were diagnosed postmortem; but the proportion of all instances that 
these composed was not stated. [Cardiovascular malformations were found in 1.5–
2.7% of background perinatal deaths (Hoffman and Christianson 1978), and formed 
a sizable proportion of all such defects found perinatally.] Also many malformed 
infants may not have been included in the study since a large fraction of infants with 
congenital cardiovascular malformations die in infancy without their condition be-
ing recognized (Abu-Harb et al. 1994).

Findings at postneonatal ages were included, which is relevant since an impor-
tant fraction of cardiovascular malformations are found in later months of infancy 
(e.g. Hoffman and Christianson 1978). In an earlier Baltimore-Washington report 
the authors themselves reported that 80% of septal defects were diagnosed after the 
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1st month of life (Ferencz et al. 1985). Although the practice of considering older 
ages may be necessary for depicting a fuller picture of the cardiovascular situation 
it debases the value such studies may have for clarifying the principal question the 
present monograph is grappling with.

Finally and most strangely, malformed offspring with abnormalities whose etiol-
ogy was more or less clearly known to have nothing to do with maternal diabetes 
were not excluded from consideration, as was done in other case-control studies de-
scribed below. These included various recognized syndromes, and especially those 
with conditions due to chromosomal aberrations, which comprised a large fraction 
of the entire sample. Failure to exclude the latter is particularly relevant in Down 
syndrome since it is often associated with congenital cardiovascular malformations, 
especially ventricular septal defect (Park et al. 1977; Hyett et al. 1995). This failure 
further weakened any conclusion that the study claimed about the relation of diabe-
tes and the malformations.

Heart Defect Studies in Sweden

A study of major congenital cardiovascular malformations in offspring of diabetic 
women in 1981–1986 used data collected by the Swedish Registry of Congenital 
Malformations and the Child Cardiology Registry (Pradat 1992a). The focus was 
still- and liveborn children with such defects identified in the first postnatal week 
or at autopsy within the first year of age, excluding those with chromosomal aber-
rations.

Cases were compared with nonmalformed matched controls of normal birth 
weight surviving the neonatal period randomly selected from the Medical Birth 
Registry; which also provided the facts regarding the maternal characteristics whose 
possible association with the malformations was examined. These sources noted 
that 22 of the 1,324 case offspring and 17 of the 2,648 controls had mothers with 
“diabetes mellitus,” giving an odds ratio of 2.7. This was regarded this as a “strong 
correlation” with the disease, but the association was significant only for septal 
defects. Judging from the 6.4 per 1000 prevalence of the maternal condition in the 
controls it is likely that the diabetes ascertained was of the pregestational variety.

Two difficulties with the study impaired its usefulness for the purposes of the 
present work. The number of case perinatal mortalities and their malformation fre-
quency and the number of the 22 cases with diabetic mothers diagnosed after the 
neonatal period were not stated. As for the significance of the results per se this 
will be evaluated in the section below devoted to the studies in which children of 
diabetic mothers were followed postnatally.

In an overlapping survey the increased malformation risk noted by numerous 
health registries in several counties in a southeast region in 1982–1996 was found to 
be largely accounted for by a variety of conditions mislabeled major malformations 
(Blomberg et al. 2000). In one of the counties however, compared to other regions, 
there was an increased risk of major cardiovascular malformations of variable se-
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verity and significance diagnosed by the age of 1 year. No reason was broached for 
this apparent geographic limitation.

A prospective study during the same period and in the same area looked into pos-
sible risk factors affecting the frequency of cardiovascular malformations at birth 
(Cedergren et al. 2002). A search of various health registers, omitting those with 
known chromosomal anomalies, persistent ductus arteriosis, and single umbilical 
artery, left a frequency with specified heart defects of 13 per 1000 births, almost 
one-quarter of them ventricular septum however, and as commented previously, the 
high proportion probably due to overdiagnosis.

A child cardiology register, identifying those referred with severe defects before 
age 1 noted 1.6 per 1000 births and only maternal diabetes mellitus to be associated 
with them. Strangely, in a detailed study that examined various possibly related situ-
ations, no specific indication was given of the type of the maternal diabetes.

CDC Congenital Renal Disease Study

An investigation bearing a remote likeness to a case-control study can be mentioned 
here. Data gathered in 1970–1984 by the Birth Defects Monitoring Program of the 
Centers for Disease Control, made primarily to examine the temporal trend of renal 
absence and renal dysgenesis, were incidentally used to search for an associations 
of these defects with an unstated number of maternal conditions or exposures. This 
led to the discovery that maternal diabetes was noted in the records of 20 of 709 
infants with the former of these abnormalities, suggesting that they were associated 
(Stroup et al. 1990).

The things that can be criticized about this study are legion, not to speak of the 
vagueness of the designation of the maternal illness. The Program being a passive 
system was based on newborn hospital discharge diagnoses made by physicians 
and other staff and not routinely checked for accuracy; thus may have included 
irrelevant renal abnormalities as well as Potter syndrome and other conditions of 
recognized or suspected etiology. Not all hospitals contacted participated and not all 
records requested were received. Maternal history was abstracted from the infants’ 
medical records, a source open to incompleteness and inaccuracy. The resemblance 
of the study to a case-control one however totally breaks down because the search 
for associations apparently almost having been an afterthought there was no control. 
Clearly, no credence can be given to the finding of an association of these renal 
conditions and diabetes.

Miscellaneous Studies

A study in two Belgrade University obstetrics clinics noted 591 children with con-
genital malformations born in 1986–1988, a considerable number with minor mal-
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formations and those of genetic etiology being omitted. Two of the mothers had 
diabetes during pregnancy versus none of the controls, a nonsignificant difference 
(Ananijevic-Pandey et al. 1992).

A case-control study in Spain monitoring about 10% of the live births in the 
country in 1976–1985 was part of a collaborative study of congenital malformations 
(Ramos-Arroyo et al. 1992). During this period 2.0% of all births were found to be 
malformed in the first 3 days of life, including nearly 40% minor types and those 
due to single genes and chromosomal aberrations. The ascertainment of maternal 
insulin dependent diabetes was suspect, the prevalence in mothers of case infants 
being 1.1 per 1000 and in controls 0.2 per 1000; a 5.5-fold difference, meaningless 
if for no other reason than it was based on the total of all malformations. The odds 
ratio for major malformations alone was large, 8.7, but misleading because of the 
severe underascertainment of the maternal condition; and also because the unit of 
analysis, as in the Atlanta study discussed above, was the individual abnormality, 
and not the abnormal infant. That alone invalidated the study, if only because it 
exaggerated the statistical significance by inflating sample size.

A registry of births in Alsace in 1979–1987 permitted a case-control study of 
the relation of congenital hydrocephalus to maternal diabetes (Stoll et al. 1992). In-
stances of the condition secondary to trauma, due to chromosomal aberrations, and 
part of recognized syndromes were omitted, leaving 76 occurrences discovered in 
the first year of life. Three of the mothers had “diabetes,” as did two of the mothers 
of the matched controls, making for an insignificant difference.

A malformation surveillance program at the Brigham and Women’s Hospital in 
Boston in 1972–1974 and 1979–1990 identified insulin dependent diabetes in the 
mothers of 11 of 147 (7.5%) offspring with neural tube defects (Holmes 1994). A 
control was not obtained. The prevalence of the defects in those years was 1.2 per 
1000, rather low for a presumably largely white patient load in an area a significant 
part of whose population had a greater than average proneness to such defects (Nag-
gan and MacMahon 1967).

It may not be amiss to note another article of appropriateness here. A retrospec-
tive study of 22 families each with a child with sacral absence found a 5% recur-
rence rate and a similar rate of association with (an undesignated type of) maternal 
diabetes (Magnus et al. 1983), making it equally likely (or unlikely) that the condi-
tion had a genetic as an environmental provenance. Also cited were reports of an 
association of this abnormality with paternal diabetes, for which evidence of terato-
genicity has not been found (e.g. Koller 1953; Rubin and Murphy 1958; Chung and 
Myrianthopoulos 1975b; Theile et al. 1985). Apropos of this study it is appropriate 
to note the virtual nonexistence of studies of the frequency and type of congenital 
malformations in the families of women with diabetes.

National Birth Defects Prevention Study

A study of the outcome of pregnancy in 1997–2003 of women with pregestational 
diabetes (types 1 and 2 combined) and gestational diabetes utilized data from ten 
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congenital malformation surveillance systems throughout the US (Correa et al. 
2008). The type of diabetes was not medically validated, but relied on maternal self 
report, as was true of a previous population-based study (Becerra et al. 1990), and 
hence probably led to some misclassification. As in the former study information 
was obtained by interviewing mothers up to 2 years after delivery. The prevalence 
of each form of pregestational diabetes being noted separately, it was revealed that 
that of type 1 was an extraordinarily low 1.1%, far less than the often found 5%. 
Finally, although not made clear, it was alleged that gestational diabetes was associ-
ated with some unstated frequency of malformations.

Nova Scotia Study

A study was made of the outcome of pregestational insulin-dependent diabetic 
women (85% White classes B and C) referred to maternity clinics after 20 weeks of 
gestation throughout the province in 1988–2002 (Yang et al. 2006). There were 516 
births of which 1.7% died peri- and neonatally; and 9.7% had congenital anomalies, 
said to be severe, but of which the great majority survived; an overblown report, 
fully but irrelevantly detailed and of minimal significance.

A Multi-center Study

Women with type 1 diabetes studied at 63 centers in 18 countries in 2002–2005 
were randomized to receive a rapid-acting insulin analog or human insulin (Hod 
et al. 2008). There were 35 fetal losses, 37 peri- and neonatal deaths, and 268 live 
births; 15 with malformations (3 in 4 of the terminations); but defects in the 27 
“miscarriages” was not mentioned). No difference was noted between the two treat-
ment regimens in any of these mishaps. All in all an apparently infrequent set of 
them; but much was left unsaid, the emphasis having been on a comparison of the 
two regimens.
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Among those who harbor no doubt that diabetes and malformations are associated 
some have held that the disease is associated with an increased frequency of all 
congenital malformations whereas others believe the increase is limited to some 
particular ones, especially or even the latter only. The former school was repre-
sented by Pedersen (1977, p. 196) although somewhat equivocally, when he said 
that “no specific defect is peculiar to diabetes, but severe congenital heart disease 
and skeletal deformity are characteristic.” The latter school, less hesitantly, favored 
a number of abnormalities, among them of course caudal dysplasia, but also holo-
prosencephaly, neural tube defects, and cardiovascular malformations. This chapter 
will look into these assertions.

Caudal Dysplasia

There have been many reports of the occurrence of caudal abnormalities in off-
spring of diabetic women. One form or another of such conditions was mentioned 
in numerous articles, the earliest from 60 years ago (Peel and Oakley 1949). In-
creased awareness of them and growing belief in their association with diabetes 
no doubt accounts for the majority of the publications mentioning them having 
appeared since 1980.

It has aptly been said that it is “difficult to make a good case for caudal agenesis as 
a diabetic embryopathy mainly because of the poor definition of the syndrome….” 
(Chung and Myrianthopoulos 1975b). Ever since Duhamel (1961) included malfor-
mations of the lumbosacral spine as an element in his “syndrome of caudal regres-
sion” the use of this term has been confused and abused. As explained elsewhere in 
this work Duhamel defined this syndrome as including not only vertebral defects 
but also in “variable proportion anomalies of the rectum, of the urinary and genital 
systems…and of the lower limbs.” This scheme was the culmination of his attempts 
to explain the frequent association of anorectal with other abnormalities, especially 
of the lower vertebral column (Duhamel 1959, 1961), which led him to theorize that 
since these were the very abnormalities found most often in sirenomelia they must 
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form a syndrome of graded and variable content. Opposing the extension of this 
theory to diabetic pregnancy however was the frequent observation that in sireno-
melia the sacrum, though often dysplastic, was seldom absent.

But it is absence of the sacrum that is the specific feature of the so-called caudal 
dysplasia syndrome, if such a syndrome exists at all, contrary to the attempted revi-
sion of the nomenclature (e.g. Welch and Aterman 1984). Nevertheless Duhamel’s 
concept has made analysis of the conjectured association of diabetes and sacral 
abnormalities difficult.

The reason for this difficulty is that many of the nonvertebral malformations—
anal, femoral, etc.—said to be part of the caudal dysgenesis syndrome [“…an ab-
solutely obnoxious term” (Benirschke 1987)] has each by itself often been taken as 
denoting it. Thus when, as is often the case, infants of diabetic women labeled as 
having the syndrome or one or another of its variant designations, without clear-cut 
description of the abnormalities that are present, it is impossible to know whether 
sacral absence, the malformation thought by Benirschke (1987) and others to be 
“characteristic for the offspring of maternal diabetics,” was truly present or not. The 
few crystal-clear examples of the misuse invited by this term only hint at other such 
instances masked by vague and imprecise terminology.

The syndrome has been equated with “…reduction defects of the legs with or 
without agenesis of the lower segments of the spinal column…” (Soler et al. 1976). 
An infant said to have caudal dysplasia was thus described, “Une radiographe post 
mortem montre qu’il existe 6 vertèbres lombaire; le sacrum est normal [emphasis 
added], ainsi que le reste du squelette” (Kubryk et al. 1981). Others mislabeled had 
severe defects of the lower limbs (Assemany et al. 1972), femoral and humeral 
defects and fistulae on the sacrum (Berstein 1978), and bilateral femoral hypoplasia 
alone (Hitti et al. 1994).

Two of the many further examples of the potential confusion caused by such im-
precision will be cited to illustrate the widespread misinterpretation it encourages. 
Amendt et al. (1974) observed six instances of what were called “caudal regres-
sion,” only three of which had sacral absence and the others defects of the pelvis 
alone or combined with vertebral defects. Likewise, Ballard et al. (1984) observed 
three of “caudal dysplasia,” though only one had sacral absence, another unspeci-
fied sacral vertebral abnormalities, and the last defects of the long bones of the legs; 
and Miodovnik et al. (1988) three of “caudal dysplasia,” but of none was it explic-
itly said that the sacrum was absent.

Finally, of the three instances of sacral dysplasia noted in 1950–1974 in children 
of diabetic women at the diabetes clinic of the General Hospital in Birmingham, 
England (incidentally, identified neonatally no doubt only because they were mul-
tiply and lethally malformed) only one apparently lacked sacral vertebrae, though 
this fact was detailed in one report (Malins 1979) but not in another (Soler et al. 
1976). Thus the designation sacral or caudal regression or dysgenesis or dysplasia 
did not necessarily mean that the sacrum was absent.

Nor have animal experimenters, out of their depth, been immune to this miscon-
ception. In one report hindgut malformations, one of the many types of abnormali-
ties induced in mice by the potent vitamin analogue retinoic acid, was equated with 
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caudal dysplasia; which compounding the misconception was then erroneously stat-
ed to be associated with gestational diabetes (Alles and Sulik 1993). [With greater 
justification thymic absence induced in fetal mice by excess vitamin A (Kalter and 
Warkany 1961) was considered completely analogous to a human condition, the 
DiGeorge syndrome (DiGeorge 1968; Lammer and Opitz 1986), a rare affliction 
with immunological consequences (Warkany 1971, pp. 739–740).]

Therefore, if the proposition that caudal abnormalities are associated with mater-
nal diabetes is to be taken seriously only clear-cut instances of sacral absence must 
enter into the consideration. It is to be remembered that absence of the sacrum failed 
to be discovered in the neonatal period in many affected children, owing to absense 
of external indication (Van Dyke et al. 1995), and usually only first came to medical 
attention months or even years later, when urological and other difficulties surfaced. 
For example, a sacral aplasia was only discovered when detected by a radiograph 
of a 5.5-year-old child (Manzke et al. 1977). Such late-detected instances cannot be 
included in an analysis of phenomena found at birth.

Reports of Caudal Abnormalities

The facts as they are can now be put into focus. All told offspring with caudal ab-
normalities mentioned in articles since about 1960 (none identified most recently) 
amounted to a prevalence of 5.6 per 1000 births (Kalter 2000, p. 165). But for only 
about a third was it explicitly stated that the sacrum was absent, and the age the con-
dition was first diagnosed was not always clearly stated. About 17% died perinatal-
ly, at least 31% survived the neonatal period, and the fate of 52% was not mentioned 
at all. Assuming then, based on these figures, that about half of these instances was 
detected neonatally, it may be estimated that over the years the mean prevalence of 
the condition at birth was about 4.4 per 1000. [At this point it is important to know 
that the estimates arrived at did not consider the reports of malformations in several 
thousand offspring of diabetic women in which, whether because they were over-
looked or not present, no such spinal malformations were mentioned.]

What is known of the frequency of sacral absence in the general population with 
which this tentative figure may be compared, especially that discovered at birth? 
Very little. In a search of nearly one million birth registrations in Czechoslovakia in 
1961–1964, five cases of agenesis of the lower spine were located (Kučera and Lenz 
1967), a low frequency it would seem. The fact that these registrations recorded an 
overall congenital malformation frequency of only 1.4% and that not all instances 
of the spinal malformation are detected at birth make the number hardly credible.

A survey of still- and live births in hospitals in Spain during about a 15-year 
period uncovered frequencies of 4.5 per 1000 and 0.2 per 1000 respectively of “cau-
dal dysgenesis (any degree)” (Martínez-Frías et al. 1994). But these figures cannot 
be taken seriously, since the surveyed conditions included “urinary, genital, and/
or anal anomalies, and/or those with lumbosacral spine defects (including the most 
severe anomalies of the caudal region such as sirenomelia)….”
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That most children with such conditions survive the neonatal period was indi-
cated by a single instance of sacral absence being found in 2145 autopsied perinatal 
mortalities, i.e. 0.47 per 1000 (Holmes et al. 1976). A radiological analysis of the 
spines of 700 children of postneonatal ages examined in 1940–1955 gave a more 
realistic assessment: four had absent infralumbar vertebrae, for a frequency of 5.7 
per 1000 (Shands and Bundens 1966), about 30% more than the one calculated for 
diabetic births noted above.

It is not amiss to note that the frequency of congenital sacral absence surmised 
above is a far cry from the estimate made years ago—over 200 times greater—
of lower spinal abnormalities in children of diabetic mothers (Passarge and Lenz 
1966); nor to note that the latter was uncritically cited not long ago (Feigenbaum 
et al. 1996). The data in the few publications relating to the overall frequency of 
sacral absence in perinatal mortalities and older children thus pointed to the small 
likelihood of this malformation being increased in frequency in the offspring of 
diabetic women.

The major source of the belief that sacral absence is associated with diabetes are 
case reports of their concurrence. But case studies do not prove relationships. To 
paraphrase Leck (1993), the most that they can show is that a proportion of cases of 
a type of defect has occurred after exposure to some factor such as disease or medi-
cation of the mother during early pregnancy, not that exposure has occurred in a 
higher proportion of cases than of all pregnancies and therefore cannot be regarded 
as proof that this exposure is even a risk factor for the defect let alone a cause.

Central Nervous System Malformations

The congenital central nervous system malformations anencephalus, meningocele/
encephalocele, and spina bifida, sometimes aggregated under the heading neural 
tube defects, have often been said to be among the anomalies that are especially 
increased in frequency in the offspring of diabetic women. Many fetuses with these 
defects die prenatally, but of those surviving to birth anencephalus being markedly 
conspicuous and invariably lethal has gotten much attention (Lemire et al. 1978).

A startling feature of anencephalus is that despite this lethality it reappears gen-
eration after generation; which must mean that the etiology of nonsyndromic an-
encephaly, despite some tendency to familial recurrence, is either overwhelmingly 
environmental or multifactorial.

Consequently anencephalus has been extensively studied, with a great deal of 
information regarding its prevalence and worldwide distribution being at hand 
(Kalter 2009). Inciting and enabling investigation is the harsh reality that in many 
parts of the world anencephalus is among the commonest of the major congenital 
malformations. This plus its extraordinary variations in frequency—racial, ethnic, 
temporal, socioeconomic, geographic, as well as the still unexplained fact of its 
being commoner in girls than boys (Elwood and Elwood 1980; Little and Elwood 
1991)—have piqued the interest of geneticists, epidemiologists, and many others 
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in this condition for decades (Penrose 1957). Nor to be forgotten is that its relative 
frequency in fetal death has surged with the steady decline in the stillbirth rate from 
the mid-twentieth century (Anon. 1965).

Though these variables are certainly relevant to the relation of neural tube de-
fects and maternal diabetes, except for geography and an occasional mention of 
ethnicity or race, such aspects have been almost totally ignored by the numerous 
investigators studying the pregnancies of diabetic women. Even such elemental 
facts, of significance to patterns of occurrence, as the sex of affected infants or its 
incidence in previous pregnancies or other close family members have seldom been 
considered. The possible impact of such matters on the epidemiology of this malfor-
mation has thus been largely closed to analysis.

While anencephalus is the most glaring of the neural tube defects and thus al-
most impossible to overlook, infants with others, spina bifida especially, though 
often stillborn (Martin et al. 1983; Sadovnik and Baird 1985), seldom fail to be 
registered in hospital and vital records. It is the putative association of these defects 
with maternal diabetes that is considered here.

It can be taken for granted that in diabetic pregnancies, closely monitored as they 
usually are, the conspicuousness and frequent lethality of neural tube defects as-
sure that in virtually every case the defects were noticed and recorded. Therefore in 
determining their frequency all reports of pregestational diabetic pregnancies were 
considered, not only those in which malformations, central nervous system or oth-
ers, were noted and enumerated, but those reports as well in which it was explicitly 
stated or could be taken as implied that no malformations were found; with the ex-
clusion only of those that noted malformations but did not specifically name them.

Neural Tube Defects in Diabetic Pregnancy

The record of the occurrence of neural tube defects in offspring of diabetic women 
is sparse. A summary shows that its mean rate in the final six decades of the last 
century was 5.2 per 1000 in America and 6.4 per 1000 in Europe (Kalter 2000). 
These are the records of what were most certainly only a small percentage of all 
diabetic pregnancies during these years. In the US alone, with about 4 million births 
annually, in this period pregestationally diabetic women had over three-quarters of a 
million births. The conclusion is unavoidable that the small fraction of them that en-
tered into published series was undoubtedly a selected and intensively observed set, 
and as such their outcomes must be suspected of not being entirely representative.

These figures are to be compared with population estimates of the prevalence of 
neural tube defects. Except that it is necessary to remember that their background 
frequency has varied widely geographically and temporally, and therefore that no 
one statistic will answer the question. In Europe e.g. it ranged from as high as 8.7 
per 1000 births in 1964–1968 in Belfast (Elwood and Nevin (1973) and 7.7 per 
1000 in 1956–1962 in South Wales (Laurence et al. 1967) to a low of 0.5 per 1000 
in France in 1945–1955 (Frézal et al. 1964), clear disparities conforming to the 

Central Nervous System Malformations



164

United Kingdom and Ireland generally being a high-rate neural tube defect region 
and Europe on the whole a lower one (Penrose 1957; Dolk et al. 1991; Little and 
Elwood 1991; Kalter 2009). In North America an east-west gradient was in effect, 
superimposed upon which there was an overall decline in later decades (Mathers 
and Field 1983; Yen et al. 1992). And generally an increasing portion of the decline 
was the result of prenatal diagnosis and elimination of defective specimens (EU-
ROCAT 1991; Chan et al. 1993; Limb and Holmes 1994); in England and Wales 
steadily declining from 1964 to 1990, remaining rather constant afterward (Morris 
and Wald 2007).

These statistics indicate that in past decades, when the level of neural tube 
defects was more or less constant, diabetic pregnancy was not associated with 
higher frequencies than occurred in the general population; shortage of relevant 
information from more recent studies precluded up to date comparison. This read-
ing must be accepted cautiously however, since several considerations may chal-
lenge it. For example in addition to “nonuniformity in the duration and diligence 
of case ascertainment” (Borman and Cryer 1990), the data from diabetic pregnan-
cies came from hospital series, while most of the overall prevalences were based 
on population series, which left the door open to the possibility of a possible ex-
cess partly owing to biases stemming from referral and self-selection of diabetic 
women. Again, familial occurrence of neural tube defects, known to be associated 
with increased risk of recurrence (Little and Elwood 1991), may have led to the 
high level of anencephalus detected in diabetic women prenatally screened by the 
alphafetoprotein assay (Milunsky et al. 1982); although absence of details about 
the women and their histories and how they came to be cared for at large hospitals 
made this surmise speculative.

Perinatal Death

Uncertainty that may linger can be clarified by another calculation, that of the fre-
quency of anencephalus in diabetic perinatal deaths, a definitive account of which 
may be gathered from reports listing all the malformations that occurred in them. 
As expected the frequencies of perinatal death and anencephalus were inversely 
related; clearly depicted by the trends showing that as the former decreased the lat-
ter increased.

Overall population data to compare these figures with are scarce. Those from an 
assessment of the fetuses of 12,620 high-risk pregnancies of various sorts over a 
4.5-year period may be useful (Manning et al. 1985). Two percent of the pregnan-
cies were of insulin dependent diabetic women (which incidentally is about four 
times the overall prevalence of the condition, and illustrates the selective proclivi-
ties of large medical centers). Ninety-three of the offspring were perinatal mor-
talities, 0.7%, 15 with anencephalus, 16.1%. The number of the mortalities that 
occurred in the diabetic pregnancies and the number anencephalic were not stated, 
but omitting the probable number of the latter reduced the frequency of the malfor-
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mations in the nondiabetic remainder to 15.2%, indicating that the frequency in the 
diabetic mortalities was not excessive.

Can such high-risk pregnancies be suitable for comparison with diabetic ones? 
Yes, because these supposedly high-risk Canadian pregnancies, it turned out, had 
a lower mean perinatal death rate than did the white population of the US during a 
comparable period (Powell-Griner 1989). It may be acceptable therefore to take the 
anencephalus frequency in mortalities as representative of the overall population, 
and to conclude that the frequencies in the most recent diabetic pregnancies were 
not out of line with them.

Cardiovascular Malformations

Another species of congenital malformations, those of the heart and great vessels—
cardiovascular malformations—were found to be increased in frequency in infants 
of type 1 diabetic women, and in fact usually to be their commonest abnormalities. 
Because this is a subject of much complexity, it is best to consider these abnormali-
ties separately in the general population and in infants of diabetic women. First in 
the former.

Vexing questions have confounded observations of these malformations, because 
of frequent difficulties of ascertainment and multiplicity of malformation type—in 
distinction e.g. to defects of the central nervous system. As Kenna et al. (1975) com-
mented “…congenital heart disease is…possibly the most difficult group of defects 
to ascertain with any accuracy…[because many] affected infants show no abnormal 
symptoms or signs at birth…[and] ‘congenital heart disease’ is not a single entity, 
but comprises a large number of anatomically distinct lesions….”

In addition cardiovascular malformations are among the commonest of all con-
genital malformations. Years ago they composed about 10% of all congenital mal-
formations (Rowe et al. 1981, p. 110), but later rose to perhaps 20% or more (e.g. 
Roth et al. 1987), and to about 40% in all neonatal and infant deaths associated with 
malformations (Berry et al. 1987; Kalter 1991).

Their reported frequency varied greatly however, for several reasons as well as 
uncertainties of ascertainment. Sometimes only live births were considered and the 
appreciable number in stillbirths excluded (Hoffman 1990). Because they are not all 
detected at birth the cumulative frequency has varied with the diligence and extent 
of postnatal follow up. Furthermore time has brought more refined diagnostic meth-
ods, which yielded expanded estimates (Anderson 1991). It was no doubt these new 
procedures, as well as more intense and longitudinal efforts, allowing detection of 
types and degrees of abnormalities once less apparent, that led to the increases dis-
covered, usually up to 1 year of age but also beyond, from 3 to 5 per 1000 live births 
in older studies (Rowe et al. 1981, p. 111) to 8–10 per 1000 and more found more 
recently (Hoffman 1990; Meberg et al. 1994; Wren et al. 2003). These prevalences 
will be of particular interest later in this work, when the health of older children of 
diabetic women is discussed.
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Ventricular Septal Defects

All types of cardiovascular malformations are not equally numerous. Almost in-
variably the most prevalent are ventricular septal defects, once composing about 
one-quarter to one-third of all cardiovascular malformations in liveborn children 
(Hoffman and Christianson 1978; Anderson 1984), and more recently usually as 
much as 45–57%, the increase almost certainly due to surged recognition (Spooner 
et al. 1988; Anon. 1994; Meberg et al. 1994). Further, it is likely that the increase 
may be due in large part, if not entirely, to the great jump in that of ventricular 
septal defects (Newman 1985; Fixler et al. 1989; Martin et al. 1989). This was 
made especially obvious by the lack of a significant increase between 1982–1985 
and 1986–1991 in any cardiovascular malformations but ventricular septal defects 
(Meberg et al. 1994).

Although it was unclear at first whether this ‘epidemic’ of ventricular septal de-
fects, as it was called (Layde et al. 1980), was an artifact due to refined diagnosis, 
the evidence indicated that the increase was due to the detection of small, isolated 
septal defects of the sorts largely overlooked by past less precise methods of diag-
nosis (Laursen 1980; Newman 1985; Spooner et al. 1988; Martin et al. 1989; Fixler 
et al. 1989; Anon. 1994; Meberg et al. 1994). It must not be neglected, however, that 
most of them are of the sorts that close spontaneously in a large proportion of cases 
and hence are without physiological consequence (Evans et al. 1960; Mitchell et al. 
1967; Anderson et al. 1984). In a recent period this repair occurred in almost 70% 
by 1 year of age (Meberg et al. 1994)!

But the cumulative rate of cardiovascular malformations is not the item of inter-
est here. It is instead the frequency discovered in the neonatal period, since it is 
during the first days and weeks of life that the vast majority of children of diabetic 
women have been examined for congenital defects.

Heart Defects in Perinatal Death

Information about the frequency of cardiovascular malformations in the neona-
tal period comes most definitively from perinatal death, yet this source presents 
ambiguities tied to inconsistent stillbirth definition and variable rates of perinatal 
death and autopsy. In addition such data are scarce, especially owing to the re-
cent decrease in the rate of autopsy. Nevertheless it is clear that the frequency 
of cardiovascular malformations in mortalities is appreciable. Older studies of 
stillbirths and neonatal deaths all or almost all of which were autopsied noted a 
mean of 3.5 and 12.5% respectively (Richards et al. 1955; Mitchell et al. 1971b; 
Kenna et al. 1975; Hoffman and Christianson 1978), giving a combined popula-
tion frequency for the years before 1980 of about 6–8%. Comparing this with later 
years is difficult, more recent data being scarce to nonexistent, as alluded because 
of the infreqency of autopsy.
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Heart Defects in Survivors

Population studies have given only indirect and uncertain information about car-
diovascular malformations in newborns, the estimates having varied widely, e.g. 
36–66% (Hoffman 1968, 1987; Stoll et al. 1989). Data regarding survivors (i.e. live 
births diagnosed neonatally) are even scarcer than for perinatal deaths.

Examination of infants has yielded uncertain estimates. A carefully conducted 
survey found a frequency of about 5 per 1000 neonates (Hoffman and Christianson 
1978), about the same as the 6 per 1000 diagnosed by 1 year of age during earlier 
decades (Richards et al. 1955). It must be understood that a sizable proportion of 
infants with cardiovascular malformations, at least at one time, died in the post-
neonatal period, 11.3% in one survey (Mitchell et al. 1971b), which may mean that 
some ascertained frequencies were serious underestimates.

Nevertheless, estimates of the frequency of cardiovascular malformations in sur-
viving offspring were atttempted. An unequivocal diagnosis of ventricular septal 
defect was made in 49 infants in Seattle in 10,476 live births in 1981–1986, of 
whom at least 47 survived the neonatal period, i.e. 4.5 per 1000 for this one type 
of heart defect alone, the only one reported (Moe and Gunderoth 1987). From this 
it can be extrapolated that the overall cardiovascular malformation frequency was 
about 9 per 1000. Spontaneous closure occurred in 45% of these cases by a mean 
of 12 months.

From somewhat ambiguous figures it can be deduced that cardiovascular malfor-
mations were noted in 489 surviving infants diagnosed by the 1st week in 105,330 
live births in 1979–1986 in Strasbourg, i.e. 4.6 per 1000 (Stoll et al. 1989). In Oslo 
224 infants with cardiovascular malformations were noted in 22,810 live births in 
1982–1991, perhaps 92% of whom, i.e. 9.0 per 1000 survived the neonatal period, 
about 57% ventricular septal defect, i.e. about 5.1 per 1000; again many, over 69%, 
closed by the 1st year (Meberg et al. 1994).

A recent study of a different type of population, 29,154 chromosomally normal 
fetuses of 10–14 weeks of pregnancy, examining fetal nuchal translucently thick-
ness, found a 2.0% prevalence of major cardiovascular malformations (Hyett et al. 
1999); which as the authors commented “is similar to that found in pregnancies 
affected by maternal diabetes mellitus….”

Heart Defects and Diabetes

Several epidemiological studies have paid particular attention to the association of 
cardiovascular malformations and maternal diabetes (Mitchell et al. 1971a; Ferencz 
et al. 1987; Pradat 1992a). Conducted or participated in by pediatric cardiologists, 
they presented a full enumeration and description of the types of such malforma-
tions found. But because of the nature of the studies the frequencies reported were 
based on abnormalities diagnosed at various, sometimes extended, childhood ages, 
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and hence cannot entirely serve the principal purpose of this inquiry, namely, to 
determine whether the frequency of malformations found in the neonatal period 
was greater in the children of diabetic women than in the general population. For 
this purpose information about children examined at birth or in the earliest weeks 
afterward must be used, i.e. reports of hospital series of diabetic pregnancy, where 
such information, though sometimes imperfect, may be found.

In an early attempt to grapple with such questions, Kučera (1971a), compiling 
the information given in a large number of reports of hospital-based series, found 
that heart anomalies were about five times more frequent in diabetic pregnancy than 
in a large population sample. But, as was well noted, the validity of this wide dif-
ference was imperiled by numerous confounding factors, which may have led not 
only to overestimating the former frequency but also to underestimating the latter.

But even more to the point, having found as discussed above that the frequencies 
of cardiovascular malformations differ so greatly in perinatal mortalities and survi-
vors, it can be seen that total findings did not address the question validly.

Heart Defects in Diabetic Perinatal Death

Studies in about 1940–1960 of cardiovascular malformations in perinatal deaths 
of diabetic women noted frequencies of 4–14% with a mean of about 10% (Rowe 
et al. 1981, pp. 675–680). Fuller information yielded about 7–8%, which was about 
the same as the frequency at the time in the overall population; as much as pos-
sible this figure was based only on autopsied diabetic mortalities (see Kalter 2000, 
Table 14.4, p. 174). Comparable population data for later years appear to be scarce.

The increase in recent years in the frequency of cardiovascular malformations in 
diabetic mortalities, is no doubt part of the relative increase in the congenital mal-
formation frequency associated with the reduction in rate of offspring death (Kalter 
1991). Whether widened diagnosis may also have contributed is unclear.

Cardiovascular Malformations in Survivors

Earlier studies in the US and Europe found the frequency of cardiovascular mal-
formations increased beyond background levels in surviving offspring of diabetic 
pregnancies, while more recent data, though scarce, seemed to indicate that the 
increase had modified in Europe but not in the US (Moe and Gunderoth 1987; Stoll 
et al. 1989; Meberg et al. 1994; Lisowski et al. 2010), the regional difference due 
perhaps to greater temporal changes in one than the other.

While the background frequency increased in later years to approximately the 
same extent in both regions, from 0.2–0.3 to 0.9%, the diabetic cardiovascular mal-
formation frequency increased only slightly in Europe (1.6–2.0%), but somewhat 
more so in America (0.9–2.9%), raising them both however to about the same level. 
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What the difference may have been due to is unclear; but zealousness of diagnosis, 
as discussed below, cannot be disregarded in interpreting these data.

No persuasive analysis could be made of the type or types of cardiovascular mal-
formations that might have accounted for the increased frequency in diabetic preg-
nancy, the number of cases being small and the number in which the defects were 
specified few. Many consisted of venricular septal defect, apparently amounting to 
a larger frequency than that in the general population (Hoffman and Christianson 
1968). It must not be forgotten, however, that the frequency of venricular septal 
defect in all live births was substantial, amounting in recent findings to 3.5–5.1 per 
1000 (Moe and Gunderoth 1987; Meberg et al. 1994; Graham and Gutgesell 1995).

This dominance was confirmed by a summary of the types of cardiovascular 
malformation reported by studies of diabetic pregnancies in 1964–2003, which 
found that the commonest defect by far, at 28%, was indeed venricular septal defect, 
with transposition of the great vessels a poor second, at 14% (Wren et al. 2003).

A similar effort widened the study to comparing cardiovascular malformation 
type in offspring of three groups of diabetic women in 1988–2000 with that in 
nondiabetic pregnancies from a Eurocat registry (Lisowski et al. 2010). The total 
cardiovascular malformation frequency in the former varied from 2.5 to 6.1%, dif-
ferences probably owing to the heterogeneous methodology. The commonest anom-
aly, in both, was ventricular septal defect, at just under 30%, maternal diabetes thus 
appearing to play no part in its occurrence. As for the other numerous varieties of 
defects those apparently appearing more significantly often in the diabetic than the 
nondiabetic group were mostly of the conotruncal sort. But the heterogeneity of 
the material precluded definitive judgment. An incidental component of the survey 
found little or no difference in glycemic level between mothers of affected and non-
affected offspring in the diabetic groups.

As recent studies have shown, intense examination of children leads to elevated 
discovery of cardiovascular malformations, so its apparent excess in surviving chil-
dren of diabetic women may also have resulted in part from such close attention, 
especially in America. In any case, venricular septal defect, the predominant le-
sion, has long been considered to have little clinical importance, since “most cases 
are clinically insignificant” (Carlgren 1959) and “with small defects, the clinical 
course is benign” (Graham and Gutgesell 1995). Furthermore many sooner or later 
close spontaneously (Anderson et al. 1984; Moe and Gunderoth 1987; Meberg et al. 
1994; Tegnander et al. 1995).

The temporal increase in the cardiovascular malformation frequency in survi-
vors, in contrast with that in the mortalities, was inconsistent, being statistically 
insignificant in Europe but more real in America. A difference perhaps due to ven-
ricular septal defect forming a larger proportion of cardiovascular malformations 
in the latter, resulting, as in the general population, from earlier and more intense 
diagnosis of smaller defects (Bound and Logan 1977; Laursen 1980; Spooner et al. 
1988; Fixler et al. 1989).

The cardiovascular malformation picture in diabetic births thus may be summed 
up as follows. For perinatal death the record clearly showed that its occurrence 
was not increased; in fact in the earlier period some population groups had larger 
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frequencies than the diabetic cases; and the increase in later years was probably the 
by-product of the greatly lowered mortality rate together with improved methods 
of detection. The story in the neonatal period in survivors was inconsistent, being 
apparently increased only in America, possibly indicating more intense diagnosis, 
especially of venricular septal defects, which compose a dominant fraction of all 
cardiovascular malformations.

Prenatal Diagnosis

This section ends with studies of major cardiovascular malformations in fetuses of 
women with pregestational insulin dependent diabetes detected by ultrasound or 
echocardiography examination during the mid-second trimester. In the last 20 or so 
years many such studies were conducted (Gomez et al. 1988; Pijlman et al. 1989; 
Wheller et al. 1990; Greene and Benacerraf 1991; Brown et al. 1992; Maher et al. 
1994; Albert et al. 1996; Meyer-Wittkopf et al. 1996; Gladman et al. 1997; Smith 
et al. 1997; Bernard et al. 1009; Lisowski et al. 2010; Sekhavat et al. 2010). Oth-
ers with insufficient details were ignored here. Cardiovascular malformation was 
diagnosed in about 4% of the fetuses screened, which may be an overestimate since 
it probably included inadmissible or questionable conditions as well as some type 2 
and other diabetic pregnancies.

Comparing this figure with the cardiovascular malformation frequency of 0.66% 
found in prenatal screening of nearly 150,000 low-risk and unselected patients in 
1991–1995 (Kirk et al. 1997), the diabetic risk is seen to be about three times that 
found by the survey. While this suggested that diabetic pregnancy poses an in-
creased fetal risk for cardiovascular malformations, without information regarding 
the pre- and perinatal death fate of abnormal fetuses a comparison with the situation 
in surviving neonatal offspring is difficult.

A few incidental findings: Not all the defects were successfuly detected pre-
natally in the population study. Nor were all the defects considered structural or 
“critical” (i.e. probably requiring surgical or medical intervention), as evidenced 
by only about half of the abnormal fetuses in one study having structural defects 
(Wheller et al. 1990), while in another only about one-quarter required surgical re-
pair (Tegnander et al. 1995). Also revealed was that none of the mothers with defec-
tive offspring had abnormal recurrences (Meyer-Wittkopf et al. 1996). And finally, 
glycemic level findings were inconsistent, being higher in one study in cases with 
than without cardiovascular malformation (Bernard et al. 2009) but not in another 
(Lisowski et al. 2010).
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Soon after the beginning of the insulin era it became a firm tenet that the infants of 
pregnant diabetic women were at increased risk of congenital malformations. Ad-
dressing this consensus the causes and prevention of these abnormalities were the 
subject of countless scholarly publications. From early on innumerable etiological 
factors—genetic, metabolic, teratologic—were considered as the possible basis of 
this risk (e.g. Gabbe 1977; Simpson 1978). But for prevention the most promising 
path to pursue seemed the metabolic one, since as was reasoned, “if perturbations 
in the maternal metabolic milieu…cause anomalies in offspring, then strict diabetic 
control should lower the anomaly rates…” (Ober and Simpson 1986)

Hyperglycemia and Congenital Malformations

It was the success in lowering the rate of perintal death, achieved in part by con-
trolling the maternal blood glucose level, that led to the belief that by this route the 
malformation frequency would also be lowered; an expectation that was frustrated 
since it did not result in a lowered malformation frequency. But the ultimate mis-
understanding was to focus on the glyemic level in the last weeks of pregnancy, 
when it could not have had any relation to embryonic development (Karlsson and 
Kjellmer 1972).

An apparent clue as to where attention should have been focused instead came 
from the insight that “malformations in infants of diabetic mothers occur before the 
seventh gestational week” (Mills et al. 1979). This pronouncement, novel to many 
diabetologists, led many studies to direct attention to maternal blood glucose in 
the earliest weeks of pregnancy. Recognizing at the same time that a longitudinal 
perspective was called for investigations turned to the recently discovered entity, 
glycosylated hemoglobin, to provide that view.

Studies of the relation of the outcome of pregnancy and level of glycosylated he-
moglobin (HbA1) in the 1st trimester of pregnant diabetic women, as noted above, 
began in the late 1970s. Not only directed at spontaneous abortion they also turned 
to studies of the glycemic level in mothers of congenitally malformed children, 
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which it was noted exceeded the range for well-controlled diabetics and suggested 
an association with maldevelopment (Leslie et al. 1978).

Further studies duplicated the finding of higher mean levels in mothers of mal-
formed than in those of nonmalformed children, with rough dose-response relations 
between glycemic level malformation frequency (Miller et al. 1981; Jovanovic 
et al. 1981; Reid et al. 1984; Ylinen et al. 1984).

But, as often happens, further studies clouded the picture. In almost all instances 
the relation between glycemic level and malformation rate was not statistically sig-
nificant or at best was of borderline significance (Shields et al. 1993; Greene et al. 
1995). Compounding the uncertainties was some contamination of the data by in-
clusion of defects not major and of diabetic women not pregestationally insulin 
dependent.

Others also found similar mean glycemic levels in mothers of children with mi-
nor as well as major malformations (Greene et al. 1989; Lucas et al. 1989; Han-
son et al. 1990); and even a dose-response relation with glycemic level (Reid et al. 
1984; Ylinen et al. 1984; Greene et al. 1989; Hanson et al. 1990)—the reason for 
which undoubtedly being a nonspecific factor common to glycemic level and mal-
formation.

It should be noted that the fraction of diabetic women with the highest glycemic 
levels, at the right end of a skewed distribution, was far larger in hospital-based 
studies, with a mean of 20.2% than in a population study, with 6.2% (Hanson et al. 
1990); which may mean that women attending, i.e. usually referred to, diabetes clin-
ics early in pregnancy were more severely affected than diabetic women generally. 
But despite this relative diabetic severity there was little unambiguous evidence of 
an association of glycemic level and congenital malformation.

Finally, should it be surprising that studies pursuing the leads of earlier ones 
often largely contradict them? It is after all only positive findings that are followed 
up, which then sometime turn out to have been deceptive.

Preconception Control and Malformation

Despite these contradictions and inconsistencies studies continued unabated—flog-
ging a dead horse, as it were—with attempts to reduce the occurrence of malforma-
tions and spontaneous abortions, by instituting rigorous control before conception.

Copenhagen Study

Whose possible efficacy was looked into by comparing outcomes of pregnancies of 
diabetic women in 1966–1977 attending hospitals in the Copenhagen area, assumed 
to be in good glycemic control, with those of women with irregular or little care 
attending hospitals outside the area (Pedersen and Mølsted-Pedersen 1978). Com-
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parison was impossible however because the findings were vague and inconclusive, 
and the congenital malformations unspecified and defined obscurely to begin with 
(see appraisal of this study above).

Edinburgh Study

Studies begun in 1977 at a clinic in Edinburgh proposed to prevent malformations 
by obtaining “optimum diabetic control at the time of conception” (Steel et al. 
1980). The final report of this effort compared the outcomes of the insulin depen-
dent diabetic pregnancies of 143 attenders of the clinic and 96 nonattenders (Steel 
et al. 1990). Two offspring of the former (1.4%) and 10 of the latter (10.4%) had 
major malformations, a statistically significant difference indicating that precon-
ception metabolic control had successfully reduced the frequency.

Before accepting this conclusion the methodology of the study must be exam-
ined. As Steel et al. (1990) agreed, the attenders and nonattenders were not selected 
randomly, a logistical and ethical impossibility perhaps. Instead the groups were 
formed in the following manner. All insulin dependent women registered in the Dia-
betic Department of the Edinburgh Royal Infirmary were sent letters announcing 
the imminent establishment of a clinic to counsel diabetic women contemplating 
becoming pregnant, and inviting them to attend. In addition the clinic was adver-
tised in notices displayed in the department and in the clinic newsletter; colleagues 
were asked to refer appropriate patients; and it was brought to the notice of young 
women during personal contact at the diabetic units of the Infirmary and the Hospi-
tal for Sick Children (Steel et al. 1982; 1984a, b).

The women reponding to these notices and attending the prepregnancy clinic 
were mostly self-selected, had planned pregnancies, and were highly motivated. 
The nonattenders were ignorant of the clinic’s existence, had no desire to attend, or 
were not originally department patients.

The composition of the nonattending group can be challenged. Several of them 
were seen before the prepregnancy clinic came into existence (Steel et al. 1980, 
1982), and their malformed offspring (Steel and Johnstone 1992) therefore should 
not have been included among the offspring of the true nonattenders. Also improp-
erly included were children whose malformations were not recognized till after the 
first few weeks of life, including a sacral agenesis diagnosed at the age of 3 years 
(Steel et al. 1982; Steel and Johnstone 1992). These should be excluded because, 
among other things, no assurance was given that all the children were as closely 
followed postnatally for this length of time. Other features by which the two groups 
differed were in age, education, etc.

To curtail this overlong tale, omitting the malformed offspring of the incorrect-
ly included nonattenders and those diagnosed at older ages, leaves the following: 
2/143 (1.4%) in the attenders and 3/80 (3.8%) in the nonattenders, a nonsignificant 
difference. And this was so despite the significantly lower 1st trimester glycohemo-
globin level in the attenders.
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Karlsburg Study

Another center studying the effect of preconception glycemic control on prenatal 
maldevelopment, located in Karlsburg in what was then the German Democratic 
Republic, was attended by about half of all pregnant diabetics in the country.

Detailed reports were made of the 620 insulin dependent women delivering in 
1977–1983 (Fuhrmann et al. 1983, 1984). Of them 184 were willing to take part 
in the demanding metabolic and dietary regimen, commencing before 8 weeks of 
pregnancy. The remaining 436 women did not submit to the regimen and began 
metabolic control later than at this time. About 84% of the former and far fewer of 
the latter had normoglycemia during the early weeks of pregnancy. Glycosylated 
hemoglobin was not measured.

A total of 17 offspring had major congenital malformations diagnosed in the 
first 3 weeks of life, two from the preconception-controlled women and 15 from 
the late-entering ones. Omitting the five inadmissible defects from the latter gives 
frequencies not statistically significantly different from eachother (2/184, 1.1% vs 
10/436, 2.3%).

Although the narrative need go no further, other elements will be discussed to 
note differences between the two groups, as an illustration of possible biasing fac-
tors that must be recognized and discounted if such efforts are ever to attain legiti-
macy.

Less than 30% of women elected to undergo the strenuous metabolic and dietary 
requirements of the program, in part because of the distances necessary to travel for 
the frequent consultations and lengthy preconception hospitalizations; suggesting 
inordinate motivation, perhaps having to do with poor previous perinatal outcomes 
(Fuhrmann 1982; Fuhrmann et al. 1983, 1986). Patient self selection of one sort 
or another can introduce potent biasing factors. A minority of insulin dependent 
diabetic women in areas offering these programs participated in them (Gabbe and 
Landon 1989; Holing et al. 1998), and those getting such attention differed in many 
ways from those not doing so. The possible importance of the background and mo-
tives of those who do should not be minimized in evaluating the outcome of studies 
wishing to understand the bases of their findings. Until such influences are sorted 
out there can be no clear resolution of the basis of the favorable pregnancy outcome 
found in some preconception studies.

National Institutes of Health Study

The challenge was met by a multicenter collaborative study, discussed in part above, 
conducted prospectively in 1980–1985 under the auspices of the National Institutes 
of Health (Mills et al. 1983). The large sample needed to address the question satis-
factorily it seemed could only be supplied by a joint effort. A control was included 
whose role was limited to the spontaneous abortion part of the study (Mills et al. 
1988a) with none in the part discussed here (Mills et al. 1988b).

17 Preventing Malformations



175

The original intention, only partly fulfilled, was to recruit insulin dependent 
diabetic women before conception to insure early diagnosis of pregnancy. Thus 
included were two groups, an early entry group enrolled before conception or up to 
21 days afterward, considered collectively; and a late-entry group, women enrolled 
later in conception. No uniform standard for management of the early-entry group 
was imposed upon the several centers participating in the study, and no metabolic 
data were obtained for the late-entry group.

Children were examined for congenital malformations on the 3rd postnatal 
day only, and the 4.9% frequency of all malformations in the children of the 
early-entry group was found to be significantly smaller than that, 9.0%, in the 
late-entry group. But if the defects in both groups that were minor or dubious 
were omitted (viz. labial fusion, paraurethral cyst, and strawberry hemangioma 
in the early-entry group, and clubfoot, inguinal hernia, cryptorchidism, and 
Hirschsprung disease in the late-entry group; see table 2 in Mills et al. 1988b), 
the frequencies became 4.0 and 6.8% respectively, and no longer significantly 
different. Also, ventricular septal defects were among the abnormalities in both 
groups, which often close in later infancy (e.g. Tegnander et al. 1995), whose 
fate thus could not be determined by a single early postnatal examination. Omit-
ting them further lessened the statistical significance of the difference in mal-
formation frequency.

The mean glycosylated hemoglobin level early in pregnancy of early-entry 
women was no higher in those with malformed children than without, nor were dif-
ferent degrees of hyperglycemia associated with malformation frequency.

For the sake of argument let us accept the interpretation made by the examin-
ers of the children at the five different centers collaborating in this study, that the 
plan of the study succeeded in analyzing the separate putative roles of maternal 
self selection and strict periconceptional diabetic control in leading to a favorable 
pregnancy outcome.

Unfortunately this goal was a chimera from the beginning, since motivational 
factors could not be nullified. Clear evidence of which was the fact that early-entry 
women were significantly older than the late-entry ones [incidentally the same was 
seen in many like studies (Goldman et al. 1986; Steel et al. 1990; Rosenn et al. 
1991; Willhoite et al. 1993; Holing et al. 1998)], which undoubtedly pointed to their 
greater concern because of untoward outcomes in previous pregnancies, such as had 
been documented e.g. by Fuhrmann et al. (1986).

The finding by Mills et al. (1988b) of no correlation between glycemic level 
and malformation frequency raised a small storm of protest. A Lancet leader writer 
(Anon. 1988), echoing the conventional wisdom, asserted that “there is unques-
tionably an increased incidence of major congenital abnormalities in the infants of 
diabetic mothers.” Thus, in comparing the malformation frequency in the early- and 
late-entry groups, he or she, accepting the reported malformation data, pronounced 
that the “findings are in complete accord” with received gospel, which totally 
missed the point, since the negative judgment of the Mills et al. study came not 
from a comparison of these two groups but of the women in the early-entry group 
who did and did not have malformed children.
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Other critics (see Lancet 319:647–648, 1988) had a variety of complaints, none 
of which seriously undermined Mills and colleagues’ findings. Another charged that 
since comparing the mothers of malformed and nonmalformed offspring was not a 
primary aim of the study it was improper to make such a post hoc analysis (Skyler 
1989). But a reading of the paper outlining the National Institutes of Health study 
design (Mills et al. 1983) revealed nothing that debarred retrospective analyses, and 
indeed mentioned an example of when such would be carried out.

Much was also made of the fact that the malformation frequency in the early-
entry group was higher than in the control, which was interpreted to mean that the 
metabolic control of these women was suboptimal. The foundation of this point can 
also be challenged by returning to table 2 in Mills et al. (1988b), mentioned above, 
where it can be seen that none of the children of the 389 control women had a ma-
jor congenital malformation (with the possible exception of one with a condition 
vaguely labeled an “anatomical brain lesion”). It seems likely that these children 
were not as thoroughly examined as the children of the diabetic mothers were, or 
were a most unusual group, and thus no argument can be based on the supposed 
difference in malformation frequency between them.

Other Preconception Control Studies

Aiming at preconception glycemic normalization of diabetic women, a multicenter 
study in California registered diabetic women none of whom had children, and in 
contrast pregestational diabetic women enrolled some time after conception 23 of 
whose 347 children (6.6%) had congenital malformations. Nothing was said about 
how they were diagnosed, but in addition to fatal and surgery-requiring abnormali-
ties significant psychological conditions were defined as major defects. First-tri-
mester glycosylated hemoglobin levels were measured, but data were not presented 
for women entering the program before and after conception (Cousins 1991c). Little 
of any clear value came out of this study

A more modest study from California was presented clearly (Kitzmiller et al. 
1991). By means of announcements in various media, word of mouth, or physician 
referral, diabetic women were recruited in 1982–1988 to participate in a program of 
preconception instruction and rigorous glycemic control. Others who were already 
pregnant were similarly registered for metabolic management at different times dur-
ing gestation, nearly half at as early as 6–8 weeks, but many as late as 21–32 weeks. 
About 65% of the women in both groups were insulin dependent. An apparent se-
lection bias was shown by the former group, though of approximately the same age 
as the latter, having an earlier disease onset.

One of the 84 offspring of women in the preconception group with viable 
pregnancies and 12 of the 110 in the postconception group were malformed. 
Omitting inadmissible abnormalities left none in the first and nine in the second. 
Four of the latter were ventricular septal defects (only one of whose mothers 
had a glycohemoglobin level above 10%). All surviving children were reexam-
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ined at 1 year of age, but the number with septal defects still present at that time 
was not stated.

There was a stepwise increase in the frequency of the accepted major malforma-
tions in the postconception group with increased maternal glycohemoglobin level, 
but predominantly the increase was beyond the 10.6% level. There were no data 
of course regarding the glycemic state of the postconception groups in the earliest 
weeks of pregnancy; such information would have helped in interpreting one of the 
malformations, holoprosencephaly, since it arises as early as at 5 weeks of gestation 
(Müller and O’Rahilly 1989).

The data indicated a possible relation between hyperglycemia in early pregnancy 
and fetal maldevelopment [it is noteworthy that in an earlier study of a management 
program instituted in the first trimester, conducted by one of the authors of this ar-
ticle (Jovanovic et al. 1981), it seems no major or minor congenital malformations 
were found]. It is unfortunate that the possible existence of more anterior etiological 
factors, as were hinted at in studies discussed above, indicated by the simultaneous 
association of major and minor congenital malformations with hyperglycemia, was 
overlooked by this study in not recording all minor congenital malformations.

A meta-analysis of studies published from 1990 to 2005 of teratogenesis as-
sociated with preexisting and other sorts of diabetes concluded ambiguously that 
all conduced to “increased awareness of fetal abnormalities,” which was not to be 
taken seriously since it included gestational diabetes as causing malformations (Al-
len et al. 2007).

A recent report of the benefits of a preconception care regimen made no men-
tion of its supposed efficacy in preventing congenital malformations (Kitzmiller 
et al. 2010). This was the culmination, to the present, of a large number of studies 
of this subject; 11 of which considered appropriate were subjected to meta-analysis 
(Wahabi et al. 2010). In no instance did close reading of them clearly support the 
contention that preconception counseling prevents fetal maldevelopment (see my 
summary and critique of these 11 elsewhere in this book).

A study in Cincinnati in 1984–1989 was designed to optimize the glycemic state 
of diabetic women planning to become pregnant (Rosenn et al. 1991). After a large 
number of women removed themselves from the program, perhaps finding the regi-
men too difficult to comply with, 28 randomly selected pregnancies of the remain-
ing women, some of whom had entered the program more than once, comprised the 
preconception study group. A similarly selected group of 71 pregnancies of diabetic 
women that enrolled within 9 weeks following conception comprised the control. 
The mean glycohemoglobin level of the control at the first prenatal visit was sig-
nificantly higher than that of the study women, despite which the malformation fre-
quencies in the infants of both were similar and very low. No satisfactory explana-
tion was attempted for this result, which seemed to contradict strongly held beliefs.

A statewide program of preconception counseling for pregestational diabetic 
women was conducted in Maine in 1987–1990 (Willhoite et al. 1993). During this 
time 185 pregnancies (64% type 1, 35% type 2) were reported by 150 counselors 
(physicians, nurses, dieticians), 62 in women seen before conceiving, predominant-
ly in a nonhospital setting, and 123 not (percentages with type 1 and 2 diabetes in 
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each group not disclosed). Major congenital malformations were reported in one 
child of the former group and eight of the latter, a suggestive but not statistically 
significant difference. No metabolic data were included. The abnormalities were 
not all fully described, and the methodology of their diagnosis was not mentioned.

These failings call for a brief aside. Much naivety regarding fetal maldevelop-
ment was true to one extent or another of some of the studies discussed in this sec-
tion, and others elsewhere, in glaring contrast to the frequent abundance of detail 
about the diabetic state and metabolic management of the patients, unbalanced ap-
proaches that obviously stemmed from the predominant professional interests of the 
investigators. But this neglect often diminished the value of the studies in the eyes 
of a teratologist.

The completeness of the ascertainment of diabetes accomplished by the Maine 
statewide program must be considered. Publications of the National Center for 
Health Statistics indicated that during the 4-year period of the program 76,072 live 
births occurred in Maine. According to the expectation of about five pregestation-
al insulin dependent diabetic births per 1000 pregnancies, not including perinatal 
deaths there should have been approximately 335 such pregnancies in these years, 
almost three times as many type 1 diabetic pregnancies alone as were the subjects of 
the report. A shortage of this size must have implications regarding representative-
ness and selection of subjects.

Temporal Trends

Several studies compared pregnancy outcome in two periods during which differ-
ent management of diabetic pregnancy was practiced or presumably practiced. For 
example, studies in the Birmingham Maternity Hospital extended over many years, 
in the course of which it is likely that management improved. Conforming to ex-
pectation, as the rate of perinatal death decreased the frequency of lethal congenital 
malformations increased, but that of all malformations did also (Soler et al. 1976). 
The latter, however, was clouded by the inclusion of various minor and other inad-
missible defects, and so cannot be credited. The comparison of two periods made 
by Ballard et al. (1984) was discussed earlier. In a report from the Mayo Clinic a 
chart depicting pregnancy outcome over a 30-year period showed that the frequency 
of congenital defects increased decade by decade, from about 8 to 15%, while that 
in the control remained constant at about 2–3% (Lufkin et al. 1984). Specific data 
for these periods were not given; but nearly half of the malformations listed in the 
diabetic cases were minor or otherwise inadmissible.

An extensive set of observations in Copenhagen over the 20 years 1967–1986 
noted a constant 7–8% major congenital malformations in the first 15 years and a 
decline in the last 5 years to 2.7% (Damm and Mølsted-Pedersen 1989). This grati-
fying outcome was thought to be due to improved diabetic care and metabolic con-
trol during the latter years, which were facilitated by the high frequency of planned 
pregnancies in that period. This belief seems to be contradicted however by the data 
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presented, which showed that the mean glycohemoglobin levels before 13 weeks 
of pregnancy in women with planned and unplanned pregnancies were very much 
alike (7.1 vs 7.3%), even though the malformation frequency in the former was sig-
nificantly less than in the latter, and with no correlation between HbA1c and malfor-
mations. The glycohemoglobin similarity should perhaps have been expected, since 
the outpatient department of the Copenhagen Diabetes Center had given advice for 
optimal metabolic control since 1976. The improved malformation record there-
fore continued unexplained, but may possibly be explained by the later inclusion of 
infants of less that 1000 g birth weight, since lighter babies are at reduced risk for 
malformations (Kalter 1991). The presentation of weight-specific data regarding 
malformation frequency would have been useful in examining this possibility.

A report comparing 1971–1977 and 1978–1985 noted that in the first period no 
women were enrolled in a “systematic preconception program,” while in the second 
18% were (Tchobroutsky et al. 1991). There was no difference in the malformation 
frequency between the two periods however, perhaps because the number enrolled 
was insufficient to have made any impact. Also, the efficacy of the program in con-
trolling blood sugar was not documented.

I close by mentioning an all-encompassing review and summarization of studies 
of the outcome of preconception care on congenital malformations and spontaneous 
abortions—including a novelty, animal studies—with 324 references, up to the mid-
1990s (Kitzmiller et al. 1996). Covering every imaginable aspect of the subject, 
relevant and irrelelvant, the only thing missing unfortunately was an evaluation 
of any sort of the effectiveness of such care. This judgment is perhaps unfair since 
the stated purpose of this technical review was not to judge but merely to provide 
a background for a professional guideline. Nevertheless it is regrettable that the 
impression given was total agreement with the usefulness of such care.

A Matter of Puzzlement

Despite the findings detailed above it was repeatedly and dogmatically echoed “that 
there is no doubt that congenital malformations occur more frequently in the off-
spring of diabetic mothers…[that] studies of glycosylated hemoglobin during the 
1st trimester have demonstrated a significant relationship between poor metabolic 
control in diabetic pregnancy and the likelihood of congenital malformations,” and 
that diabetic pregnancy is teratogenic in animals (Coustan 1998)—citing for the last 
asseveration experimental studies that had been discredited in an obstetrics journal 
itself (Kalter 1997).

It is always the lazier course merely to follow where others have led, but which 
as the sheep found in Hardy’s Far From the Madding Crowd often leads to peril.

I close with a glance at what was called a meta-analysis of studies published in 
1970–2000 reporting the effect of preconception care in reducing congenital mal-
formations in children of women with diabetes (Ray et al. 2001). Of the 154 cita-
tions of some relevance that were identified the analysis made use of only 16, the 
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rational for whose selection was only meagerly explained. In the greater picture of 
this effort the putative role of glycemic control was hardly of consequence and will 
be set aside and the malformation picture solely attended to.

The authors mentioned some flaws that may have disturbed the analysis, but 
failed to mention other more serious ones. First, the outcomes of type 1 and type 2 
pregnancies, forms of the disease that are hardly to be equated in their repercussions 
on fetal development, were indiscriminately lumped together. Second, though the 
type and frequency of congenital malformations that occurred in perinatal deaths 
differed starkly from those in surviving offspring, they were not considered sepa-
rately, preventing meaningful analysis. In the absence of any recognition of these 
and other matters the entire analysis turns out to be valueless.

Over the course of some time there appeared a number of original articles or 
meta-analyses dealing with preconception care and its purported beneficial fetal 
consequences, (see e.g. Garcia-Patterson et al. 1997). See below for a further con-
sideration of this subject.
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Fetal Growth Delay

Most fetal problems associated with diabetic pregnancy—perinatal mortality, con-
genital malformations, macrosomia, preterm birth—are prominent and have long 
been recognized. In contrast another presumed manifestation of diabetic pregnancy, 
retarded prenatal growth, is covert and perhaps was for that reason only recently 
brought to attention.

It was uncovered fortuitously in the course of an ultrasound study. In searching 
for the possible early prenatal origins of neonatal overgrowth in offspring of insulin 
dependent diabetic women, Pedersen and Mølsted-Pedersen (1979) noted instead 
that many early fetuses were considerably smaller than normal, and reasoned that 
the delay was probably of embryonic origin. Furthermore the smallest of the retard-
ed fetuses weighed significantly less at birth than others, and seemed at increased 
risk of malformation. Confirmatory reports strengthened this indication, and for 
good measure noted that small fetal size was correlated with maternal 1st-trimester 
glycemic state (Pedersen and Mølsted-Pedersen 1981; Pedersen et al. 1984; Tcho-
broutsky et al. 1985; Visser et al. 1985).

Growth-retarded fetuses were not restricted to insulin dependent diabetic preg-
nancies however, but also occurred in those of class A diabetics, i.e., in noninsulin 
dependent pregestational diabetes, and even in gestational diabetic women (Suther-
land et al. 1981). These findings call for a new interpretation, since they must mean 
that the growth delay in and of itself could not be related to fetal maldevelopment; 
because, as was often noted above, malformation frequency is not increased in class 
A or gestational diabetes. Thus if retarded growth and risk of maldevelopment are 
associated it must be due to both being the outcome of antecedent or ancillary con-
ditions, as Little et al. (1979) and Spiers (1982) suggested.

But an even more fundamental doubt was raised, that of the accuracy of the ob-
servation of delayed fetal growth itself, based on the likelihood of mistaken dating 
of conception owing to inaccurate estimation of ovulation (Little et al. 1979; Steel 
et al. 1984b, 1995).

Sad to relate, but too common merely to be a curiosity, the provocative early 
findings and the attractive theories they fathered were not long afterward refuted by 
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sonographic studies in early pregnancy. Cousins et al. (1988), employing rigorous 
obstetric dating criteria, relative to controls found no delayed fetal growth in insulin 
dependent diabetic pregnancies; Reece et al. (1990), comparing diabetic and non-
diabetic pregnancies, no statistically significant difference in size and growth rate 
of the early fetal head; and Brown et al. (1992) no difference in early fetal growth 
rate between diabetic and nondiabetic pregnancies. Note that in all three of these 
studies nondiabetic pregnancies were included, controls, in such investigations at 
least, if not in other sorts, having correctly been considered mandatory for credible 
interpretation.

Fetal Detection of Malformations

The prenatal visualization of congenital malformations became truly effective with 
the development of real-time ultrasonography. This permitted many different struc-
tural abnormalities to be detected in the 2nd trimester (Campbell and Pearce 1983; 
Hegge et al. 1990); and incidentally provided the possibility of altering the preva-
lence of some of these conditions at birth by fetal elimination (Julian-Reynier et al. 
1994).

Such sonographic studies in diabetic pregnancies were prompted by the finding 
of early fetal growth retardation. Up to the present relatively few have been made 
(Szabό et al. 1986; Gomez et al. 1988; Pijlman et al. 1989; Greene and Benacer-
raf 1991; Brown et al. 1992; Albert et al. 1996), and their purpose has varied: to 
provide obstetric guidance, maternal counseling and choice, and examine the rela-
tion of maldevelopment to fetal retardation, glycemic control, and alphafetoprotein 
level. But they have accomplished little, perhaps because they were beset by the 
familiar inadequacies and failures: biased ascertainment, no control (an even more 
than usual necessity in prenatal studies, as realized by those conducting the studies 
described in the previous section), and lack of discrimination between true major 
malformations and minor and otherwise questionable ones.

Prenatal detection of CVM is discussed in the chapter dealing with specific mal-
formations.

Follow-up of Children

We leap from features of embryos of diabetic women to postnatal physical and de-
velopmental characteristics of their children, especially congenital malformations, 
height and weight, neurological state, and intellectual ability. Children of various 
ages beyond infancy, usually of early school age, were examined or their parents 
questioned about these matters. The shortcomings of these studies will be set forth 
below.

18 Prenatal and Follow-up Studies



183

Congenital Malformations

Almost all the earliest follow-up studies and many of the later ones took malforma-
tions discovered at various older ages for their outcome subject. Malformations or 
deformities were defined variably; and interestingly, when they included controls, 
the children of diabetic men and prediabetic women were used for this purpose 
(Koller 1953; White et al. 1953; Claye and Craig 1959; Dekaban 1959; Hagbard 
et al. 1959). The largest study, part of an early multicenter project, gathered data 
through questionnaires sent to mothers (Hagbard et al. 1959). If even a generous 
view is taken of what constitutes a deformity, the total frequency of the defects 
discovered in the neonatal period and afterward was not significantly larger in the 
children born after the women developed diabetes than in those born before, i.e., in 
the prediabetic period. The same nonsignificant difference occurred in a study from 
a nearby country (Hiekkala and Koskenoja 1961).

In the next decade two relatively large studies following children for many years 
found abnormality frequencies of 8–9% respectively, but included as major defects 
various inconsequential abnormalities (Breidahl 1966), and found no difference 
from the control (Farquhar 1965, 1969).

Degen et al (1970) were surprised, they said, to find no additional pathologies, 
physical or neurological, in children examined at ages 1–13 years. White (1971), 
amplifying an earlier report (White et al. 1953), noted that the frequency of con-
genital anomalies was almost identical in the older children of diabetic women and 
diabetic men. Essex et al. (1973) cited an unpublished doctoral dissertation (Watson 
1970) that noted that the frequency of malformations in children of diabetic women 
was not statistically different from that in a control group. A Danish study reported 
that 4.9% of a large number of children of diabetic women examined at 15–26 
years of age had major malformations and 6.2% minor ones (Yssing 1975). The 
study lacked controls and none of the abnormalities, an appreciable proportion of 
which were said to run in the families, was named. Other studies apparently found 
no additional malformations in children of various ages beyond those discovered at 
birth (Amendt 1975; Stehbens et al. 1977; Cummins and Norrish 1980). Similarly, 
in another, children followed for 1–27 years, discounting dubious conditions, had a 
maximum of 3.2% malformations (Schwaninger 1973).

Cardiovascular malformations (CVM) were the subject of a study of children 
examined at several ages up to 7 years (Rowland et al. 1973). All together 19 cases 
were diagnosed (3.8%), 14 of which had occurred in perinatal mortalities. Which 
defects were present in the latter unfortunately was not stated, since four of them—
three ventricular septal defects and a patent ductus arteriosus—were conditions that 
often vanish in time. Nevertheless, the frequency of CVM was far greater than the 
usual population rate.

A doubt lingers whether at least some of this excess was related to the mothers 
of the children being a highly select sample of diabetic women attending the Joslin 
Clinic and the children themselves undergoing intensive serial examinations when 
“signs or symptoms suggesting heart disease prompted referral” to the hospital for 
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evaluation. This doubt might have been quelled had a proper control been employed 
rather than the wholly inappropriate one. In an early study, of the physical and 
mental development of 123 children of diabetic women, only one child with a mal-
formation, a CVM, was found (Fredrikson et al. 1957).

A late study found 15% malformations during a 3-year follow-up in the children 
of insulin dependent diabetic women, about twice that in controls (Sells et al. 1994). 
Some of the abnormalities were obviously already present in neonates, but the age 
others, like ventricular septal defects, were discovered was not mentioned, an im-
portant consideration since this condition very often spontaneously closes by 1 year 
of age (e.g., Moe and Guntheroth 1987). It was not clear therefore whether the 
frequency at older ages was different from that at birth. This study was an offshoot 
of the Mills et al. (1988) multicenter study, and some of the other doubts about the 
congenital malformation findings will be found in a previous chapter where the lat-
ter is discussed. Finally, it may be mentioned as apropos to this section that dental 
development was found to be delayed in one study (Amendt 1975) but normal in 
another (Adler et al. 1977).

Height and Weight

The children of diabetic women in the past were very often excessively heavy at 
birth (Hsia and Gellis 1957), and in fact this serious complication, macrosomia, is 
not uncommon even today (see above). Since birth weight may influence postnatal 
growth (see Bergmann et al. 1984 for citations), among the questions about the 
prognosis of children of diabetic women awaiting resolution was whether and how 
neonatal and later size were related, though the question was rarely put in these 
explicit terms, Instead for the most part investigators simply sought to establish 
whether later height and weight were within normal limits or not.

The diverse findings at best reflect the absence of a standard approach to the 
question. It was found that at various later ages the children (often as compared with 
national standards of the time and place) were taller and heavier than normal (White 
et al. 1953), shorter but heavier (Hagbard et al. 1959), of normal height and weight 
(Komrower and Langley 1961), normally distributed in height (Hiekkala and Ko-
skenoja 1961; Farquhar 1969a; Amendt 1975), often above the 90th percentile for 
height and weight (Breidahl 1966), tended to be heavier than normal (Weitz and 
Laron 1976); and most recently again were significantly taller and heavier, which, 
since it was not true of the children of diabetic fathers, was concluded to be evi-
dence of the lasting effect of intrauterine environmental factors on later body build 
(Bergmann et al. 1984).

Also, to compound the confusion, some children proportionately large at birth 
were significantly heavier and taller at 4 years of age than others not large or dis-
proportionately large at birth (Jährig et al. 1993), and others, obese at birth, but of 
normal weight and length at 1 year of age, had increased weight and height at later 
ages, effects that were correlated with various maternal and fetal characteristics 
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(Silverman et al. 1991). In this study the outcome in children of women with gesta-
tional and type 1 diabetes were reported collectively; how this may have vitiated the 
observations is unclear. [This commingling also damaged any validity other studies 
may have had (Rizzo et al. 1994, 1995; Yamashita et al. 1996)].

If the majority wins, then greater height, at times accompanied by greater weight, 
comes closest to the consensus; but discordant findings cannot be discounted. A de-
finitive examination of the question is still awaited, one that will be discriminating 
in its choice of mothers whose children are to be longitudinally followed, will take 
an agreed-upon approach, and that for comparison will not rely entirely on some-
times outdated and inappropriate population standards.

Neurological Development and Intelligence

It is not surprising that the birth traumas and neonatal morbidities children of di-
abetic women often experienced, and still occasionally experience, led to asking 
whether these events had long-term psychological and related consequences. In fact 
many follow-up studies of such children were directed to these considerations. Here 
too, not surprisingly, the results were mixed, probably because as it hardly seems 
necessary to reiterate, most of the studies were beset by the usual shortcomings 
of limited sample size, diverse follow-up procedures, varied and seldom entirely 
appropriate ‘controls’ (and others well enumerated by Goldstein et al. 1991); and 
hence that some investigators found an increased incidence of mental and neuro-
logical impairment and others did not.

The pioneering effort of this sort (only a brief summary of which as far as can 
be determined was ever reported) found that at examination at 6 months to 15 years 
of age, 86 of 91 children of ‘diabetic’ women had “developed perfectly normally, 
mentally and physically,” and of the four others still alive, two had “oligophrenia,” 
one diabetes mellitus, and the last a congenital heart lesion (Pedersen and Schondel 
1949).

An early greatly detailed study, a Swedish multicenter project, gave negative re-
sults (Hagbard et al. 1959), but another large-scale survey, the Collaborative Study, 
found that children of diabetic women with ketonuria during pregnancy had a mean 
IQ of 93, significantly less than the score of 102 of children of mothers without 
ketonuria, or the 101 of controls (Churchill et al. 1969). Curiously, the reduction 
was true of children of class A mothers as of more severe degrees of diabetes. Later 
studies, however, noted no relation between maternal ketonuria and IQ, nor any ab-
normal neurological development or diminished IQ in children of insulin dependent 
or gestational diabetic women; on the contrary, in some studies the majority had 
IQs over 100 (Persson et al. 1984; Persson and Gentz 1984; Silverman et al. 1991). 
Most recently significant IQ impairment was found at about 4 years of age; the 
data, however, coming from children of mothers with insulin dependent, noninsulin 
dependent, and gestational diabetes all mixed together, cannot be taken seriously 
(Yamashita et al. 1996).
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Applying other criteria of intellectual and neurological development, most older 
studies reported deficits to one extent or another (Francois et al. 1974b; Haworth 
et al. 1976; Manzke et al. 1977; Stehbens et al. 1977), but not all (Watson 1970), 
whereas almost all of the more recent ones found little or no such outcome (Cum-
mins and Norrish 1980; Hadden et al. 1984; Olofsson et al. 1984; Ornoy et al. 1994; 
Rizzo et al. 1994; Sells et al. 1994; Kimmerle et al. 1995). One dissenting voice 
found that children who had been growth retarded as early fetuses performed worse 
on certain developmental tests than controls, and thus that children of diabetic 
women were at risk of psychomotor developmental problems (Petersen et al. 1988; 
Petersen 1989). Considering the possibly flawed means of relating fetal size and age 
mentioned above, this finding too may be suspect. The other noted an inverse rela-
tion between IQ and maternal lipid metabolic factors in late pregnancy (Silverman 
et al. 1991). Another noted a positive coorelation, of psychomotor development 
at 6–9 years with maternal late trimester beta-hydroxybutyrate, a measure of ma-
ternal metabolic state; but as mentioned it was flawed by not considering children 
of mothers with insulin dependent and gestational diabetes separately (Rizzo et al. 
1995).

Discrepancies in the relation between features in children and maternal states, 
such as that of cognitive ability and toxemia, might have been due to the recent 
great reduction in severity or occurrence of that maternal condition (Cordero and 
Landon 1993). But it is not likely that anything of this sort can explain the wide 
variability found in congenital malformation frequency and type.

A Comment

A striking means of commenting on these studies of the later consequences of being 
born to insulin dependent pregestationally diabetic women, and by indirection on 
much of the diabetes work discussed in this work till now, is to compare their execu-
tion with one generally similar to them: an investigation of the putative develop-
mental consequences in children of women who had hypertension during pregnancy 
(Ounsted et al. 1984). The sine qua non for validity of studies of human reactions to 
given situations is that the subjects be a fair sample of the entire group from which 
they are drawn, and that the experimental procedures be strictly defined.

In the words of the statistician-philosopher Fisher (1934), “It is a statistical com-
monplace that the interpretation of a body of data requires a knowledge of how it 
was obtained. Equally, it is usually understood that the conclusions drawn from 
experimental results must rest on a detailed knowledge of the experimental proce-
dure actually employed.” These requirements were met by the Ounsted study: the 
ascertainment of the pregnant subjects was detailed and the maternal risk situation 
and the means of evaluating the developmental state of the children were strictly 
defined.

On the contrary, in the diabetes studies the primary essential ingredient of a rep-
resentative sample was ignored or unestablished, and the second sometimes flouted, 
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with the collective inclusion of pregnant women with different types of diabetes—
insulin dependent, noninsulin requiring, and gestationally diabetic women, as well 
as some whose diabetes type was not specified at all.

In the hypertension study the follow-up procedure consisted of ascertaining the 
relation between numerous maternal factors and the intellectual state of children of 
a specific age as evaluated by standardized tests. The former included social class, 
birth rank, maternal smoking status, preeclampsia, spontaneous or other delivery, 
breast or bottle feeding, birthweight for gestation age, fetal distress, and various 
others, all of which affected the several test scores in different ways, some being 
associated negatively, some positively, some not at all.

Again, by contrast, the diabetes studies were directed toward diverse ends di-
versely investigated. Of course, they were not conducted by one group at one pe-
riod of time. That explains and should in part excuse the heterogeneity of their 
findings and their consequent overall inconclusiveness. But it does not excuse the 
great majority of them neglecting the consideration of many factors that may have 
been relevant in their studies, especially serious obstetric problems that often attend 
diabetic pregnancies—hypertension, ketoacidosis, preterm delivery, etc. (Cousins, 
1987; Beaufils 1990; Siddiqi et al. 1991). Thus what is not yet satisfied is the need 
for an indisputable answer to the question of what can be expected to be the physical 
and mental development of children of mothers type 1 diabetes, the form of diabetes 
that is most worrisome.

Solace can be taken, however, in the findings of the hypertension study, since 
all in all they indicated that “children who survive a highly adverse intrauterine 
environment with subsequent complications at delivery and in the neonatal period 
are no more likely to have developmental problems in childhood than those whose 
early biographies had been much less hazardous.”

A Comment
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It is reasonable to believe that human beings and other animals share propensities 
and adverse responses to diseases. If this is so human diseases may be advanta-
geously studied by turning to animals afflicted with conditions mimicking them i.e. 
by the use of so-called animal models. Pregestational insulin dependent diabetes is 
one of these conditions, presenting not entirely resolved problems which were felt 
might benefit from animal investigation.

It is to the unraveling of unanswered questions left in the wake of the belief that 
this type of diabetes leads to congenital malformation that much of the experimental 
investigation discussed below was directed. Such studies depended on the occur-
rence of diabetes in laboratory animals, the several kinds of which, both experimen-
tally induced and spontaneously occurring, provided opportunities for investigating 
in the laboratory many aspects of this complicated disease associated with human 
pregnancy.

The original method of producing diabetes experimentally—partial or total pan-
createctomy—in that case in dogs, was, as is well known, the one that led to the 
discovery of insulin (Banting and Best 1923). It was also the earliest method used 
in pregnant animals but with variable success in producing the disease.

Experimentally Induced Diabetes

In what was perhaps the last such pancreatectomy study female rats were oper-
ated on at various times during pregnancy and insulin then administered (Hultquist 
1950). Almost half died and most conceptuses in the remainder were resorbed. Of 
those reaching term many soon died, especially those with excessive birth weight, 
but in others on the contrary birth weight was reduced. Such inconsistent apparently 
contradictory results continued in later studies.

In this as in many early studies almost all attention was given to offspring sur-
vival and weight, not surprisingly since, as was seen above, these were among the 
features of most concern in pregnant diabetic women in those days. Malformations 
were regarded as contributing little to these outcomes, which seemed to be con-
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firmed by this study, since only one offspring in several hundred had a congenital 
defect, a cleft palate.

Alloxan

Even earlier, pancreatectomy had been replaced by a less traumatic way of inducing 
diabetes, i.e. by injecting the diabetogenic chemical alloxan, the first agent with this 
property discovered (Henry 1937; Dunn and McLetchie 1943), followed by stepto-
zotocin, not long afterward (Rakieten et al. 1963). These, plus hereditary forms of 
the disease (Rerup 1970; Salans and Graham 1982; Bone 1990), provided the tech-
niques and material for pursuing studies of the fetal effects of diabetes in animals.

Alloxan caused diabetes by destroying beta cells of the pancreatic islets. But it 
also caused kidney damage, wherein lay the problem. While the nephrotoxic effects 
were generally caused by larger doses than the diabetogenic ones, the dose ranges 
overlapped making it necessary to moderate the dosage and consequently limit the 
severity and duration of the induced diabetes; a limitation to be accepted until strep-
tozotocin became available.

Two of alloxan’s other features were important. Because it had an extremely 
short half it was most effective when given intravenously. Also, sensitivity to its di-
abetogenic property varied widely within and between species (Rerup 1970; Lukens 
1948; Martinez et al. 1954; Cohn and Cerami 1979), whose meaning was little ap-
preciated; and its neglect will be commented on below.

Rats

Studies of alloxan’s diabetogenic effects on reproduction and pregnancy, made 
mostly with rats, began soon after the discovery of this property. Injection before or 
soon after conception frequently caused whole-litter resorption (i.e. early prenatal 
death) and stillbirth, while treatment later in pregnancy led mostly to increased fetal 
death, but with the viability of survivors little impaired.

Gross congenital abnormalities did not occur in the earliest studies (e.g. Miller 
1947), except for minor and negligible ones (Bartelheimer and Kloos 1952; Kre-
shover et al. 1953). Effects on weight and size were infrequent, much of which were 
prevented by insulin. Many of the studies were summarized by Angervall (1959).

Incomprehensibly, such studies continued for 20 years, with the same assortment 
of outcomes—infertility, abortion, increased offspring death, inconsistent effect on 
newborn weight, and no gross malformations (Angervall and Stevenson 1960; Law-
rence and Contopoulos 1960; Lazarow and Heggestad 1970).

A number of abnormalities, major and minor, occurred in a small percent of 
offspring in later studies after injection in early fetal stages—exencephaly, cleft lip 
or palate, cataract, hydronephrosis, some skeletal defects, but no absent or delayed 
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development of the lower vertebrae, i.e. an unrelated assortment of defects (Takano 
and Nishimura 1967). The same was true with other breeds of animals and other 
treatment regimens (Ward and Readhead 1970; Ellison and Maren 1972; Khera 
1984).

In a different procedure some fetuses examined 2 days after treatment on the 
10th day of pregnancy had what later became clear was delayed closure of the 
neural folds, but whose later fate was unclear since older fetuses were not exam-
inened (Deuchar 1977). Later examination of effects of alloxan treatment at an early 
stage found a wide variety of internal and external congenital malformations, each 
of 2–4% in frequencty, including decreased but transient ossification of sternebrae 
and caudal vertebrae, with severity of hyperglycemia unrelated to malformation 
frequency (Wilson et al. 1985).

Streptozotocin was no more successful. Female rats made severely diabetic by 
injection on day 5 of life were mated on day 90, and offspring examined on day 21 
of pregnancy. The only developmental consequence mentioned was “growth re-
striction,”—all in all, much sound, little significance (Kiss et al. 2009).

In sum, in only two of the studies did major congenital malformations occur, 
with very few offspring affected, and they were diverse and without any pattern that 
could be considered a syndrome. There were also some minor defects, especially at 
certain skeletal sites, which probably represented retarded development.

Mice

These unimpressive teratological results led to turning to mice, a first experiment 
with alloxan however yielding no greater success in causing malformations (Ko-
skenoja 1961). Others were more successful, but muddied the picture. Injection in 
midpregnancy caused gross malformations varying in composition according to the 
day treated, the great majority cleft palate and most of the remainder limb defects 
(Watanabe and Ingalls 1963). But treatment before or soon after conception had 
confusing results, mostly not causing malformations at all or seldom various ones 
such as agnathia, craniorachischisis, and other neural tube defects (Endo 1966), 
outcomes distinct from those following treatment during embryogenesis. This may 
have meant that while the former set was due to the diabetogenic action of the drug, 
the latter to its immediate effects on the embryo. But the relation was a loose one, 
since although the mean blood glucose level was significantly higher in females 
with than without malformed fetuses the levels overlapped widely. It was thus prob-
able that hyperglycemia was not the cause of the malformations.

Attempted preventive studies followed. Mice were given alloxan prior to im-
plantation and soon after insulin repeatedly till later gestation, the controls the drug 
only. In the latter, offspring had a malformation frequency of 5.0%, with neural 
tube defects and cleft palate predominating, while in the insulin exposed ones the 
frequency was 0.2% (Horii et al. 1966). Insulin was thus interpreted as preventing 
the malformations, but its basis was clouded.
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This was so because while the blood glucose level was greatly reduced in the 
insulin-treated females, in the controls the mean level during midpregnancy in fe-
males bearing normal offspring was virtually identical to that in females bearing 
malformed ones. These seemingly irreconcilable results meant that hyperglycemia 
alone could not have been responsible for the malformations, and thus that allevia-
tion of the hyperglycemia was not by itself responsible for their prevention, conclu-
sions reached by the authors themselves.

Almost all these studies had low malformation frequencies compared with those 
induced in experimental teratology studies. The suggested reason for which was 
that the malformations stemmed from “extensive disturbance of metabolic homeo-
stasis,” and if malformation frequency were related to degree of such disturbance, 
any greater degree of the latter—as would be caused by even larger doses of al-
loxan—would be lethal to most pregnant females (Horii et al. 1966); as was noted 
in early investigations of the dose-resonse relations of the chemical (Lukens 1948 
and in others cited above), and would thus close the door to greater malformation 
frequency.

This possible basis of at least of some of the limitations of the teratological con-
sequences of induced diabetes is reminiscent of early studies of the teratogenicity 
of nutritionally deficient diets. In the days before vitamin antagonists existed such 
experiments required a balance between a degree of malnutrition so extreme as to 
impair growth and development of animals and one permitting them to mature, 
maintain fertility, and produce surviving congenitally malformed offspring (War-
kany and Nelson 1941).

Streptozotocin

With the advent of the 1970s alloxan virtually ceased being used in studies of the 
effects of diabetes on reproduction and fetal development; replaced by streptozoto-
cin because of its supposed advantageous features: more specific beta cell toxicity, 
reduced nephrotoxicity, generally larger margins between diabetogenic and general 
toxic and lethal dosages, and less need of insulin for greater maternal survival. What 
was enabled was easier and more specific induction of diabetes, expected to facili-
tate teratological study (Junod 1967).

Again rats were favored for experiments with the drug. And again, in the many 
studies made with it in the final 30 years or so of the last century, the record of 
the induction of congenital malformations was inconsistent. The number reporting 
them being far outweighed by those noting their absence or failing to mention them 
at all, signifying the negligible teratological potential of streptozotocin-induced ma-
ternal diabetes in animals.

Matched against this preponderance were the few occurrences of congenital mal-
formations. The first teratology study of streptozotocin-induced diabetes, it turned 
out, was one of the few in which abnormalities occurred (Deuchar 1977). Female 
rats were given the drug intravenously some days before or on the day of conception 
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and fetuses examined at midgestation or near the end of gestation. Abnormalities 
in the former consisted of variable degrees of failure of the neural tube to close and 
distortion or reduction in one or more cardiac chambers. Both types of abnormali-
ties were also present in controls, but the the frequency of the former was greater 
in test animals than in the latter (10.0 vs 2.8%), as was the rate of fetal resorption. 
In any case, neither defect was present in near-term fetuses; which perhaps means 
they were not malformations, but simply expressions of developmental delay. This 
phenomenon will be explored below.

Near-term fetuses also had abnormalities, which were entirely different from 
those in the younger ones, i.e. omphalocele, micrognathia, and incomplete ossifica-
tion of sacral vertebrae; the last in offspring of females with greatly elevated blood 
glucose, but also some with lesser levels.

The transitory phenomena in the fetuses and absent ossification in the term off-
spring raised a difficult question in teratology. Small size is not necessarily evi-
dence of developmental retardation, yet when coupled with missing and incomplete 
ossification probably indicates nonspecific fetal growth retardation (Fritz and Hess 
1970). Which may indicate that delayed skeletal maturation resulted from toxic 
effects of a situation stressful to the pregnant female, an accepted concept in repro-
ductive toxicology (Aliverti et al. 1979; Khera 1984).

The results of this study, and of similar ones examining fetuses of streptozotocin-
treated mice (Kawaguchi 1994; Tatewaki 1995), may be contrasted with multi-stage 
studies. For example, younger fetuses showed neural tube nonclosure or delayed 
development of various features, while older ones had no such abnormalities (Zus-
man and Ornoy 1986). The authors, however, missed the opportunity of offering an 
obvious explanation of this discrepancy—that of transient retarded development—
and held instead that the abnormalities were no longer found because many of the 
abnormal fetuses had died and been resorbed. But the facts contradicted this, since 
the resorption rates at the oldest stages were similar to those in the controls. Which 
must leave the conclusion that whatever irregularities were present in the earliest 
stages had recovered with time, and a brief time at that.

Malformation vs Developmental Delay

Among the studies in which insulin was administered for the purpose of modi-
fying the prenatal effects of diabetes two were of particular interest. Both were 
directed at examining the belief that strict management of diabetic women from 
early pregnancy prevented fetal maldevelopment (Reece and Hobbins 1986); with 
the supposition in mind that the lumbosacral abnormalities in offspring of diabetic 
animals were analogous to the human lumbosacral defects held to be associated 
with maternal diabetes.

In one study rats were given streptozotocin on an earlier or later day in mid-
gestation, and insulin administered to those given it earlier (Baker et al. 1981). Two 
types of defects were noted in the lumbosacral area, but only in offspring of the 
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earlier treated animals: failure of “neural tube fusion…(spina bifida occulta)” and 
lack of ossification. Both very likely entailing no more than delayed skeletal matu-
ration at different sites, a likelihood supported by the near-term offspring weighing 
far less than controls.

Insulin decreased the frequency of the defects, but did not abolish them. Only 
with increased insulin and the glucose level further reduced did the frequency re-
turn to the control level; though fetal weight was not restored to normal, being 
roughly related to defect frequency. The question thus comes down to the nature 
of the relation between maternal hyperglycemia, fetal weight impairment, and de-
fect frequency. Whatever this may be—and only multifactorial analysis might have 
disentangled it—the point the authors were at pains to make was that “meticulous 
control of diabetes during organogenesis” produced the mitigation; and hence that 
early control in diabetic women would prevent the sacral abnormality in their chil-
dren. The argument being predicated on the animal and human abnormalities being 
analogous is clearly indefensible.

The second study, hypothesizing that the developmental delay masked the oc-
currence of true malformations, tried to separate these phenomena (Eriksson et al. 
1982, 1989). Rats made diabetic by streptozotocin before conception were given 
insulin throughout pregnancy and late fetal offspring examined. Abnormalities seen 
were skeletal anomalies and malformations: minor departures from normal patterns 
of ossification in various sites and minor abnormalities such as extra ribs, etc.; and 
micrognathia and caudal dysgenesis, i.e. “lack of the tail” and “failing ossification 
of the caudal vertebrae.” Evidence however made it apparent that the former des-
ignation was an exaggeration, especially since imperforate anus was not reported 
along with the supposed absent tail; which is unusual since anal imperforation al-
most always included taillessness (e.g. Gillman et al. 1948; Kalter and Warkany 
1961; Grüneberg 1963). Incidentally, in an earlier study gross external malforma-
tions were not noted in routine inspection of several hundred late fetuses and new-
born offspring of diabetic rats (Eriksson et al. 1980).

Turning to other findings, diabetes was correlated with increased fetal resorption 
and fetal retardation, indicated by reduced ossification in older fetuses, but greatly 
restored in neonates. Insulin improved all fetal conditions, largely preventing the 
malformations and ameliorating the anomalies. In a sense one of the objects of the 
study was met, dissevering the two sorts of abnormalities—anomalies and malfor-
mations—since one was remedied and the other not. Another goal—clarifying the 
teratogenic mechanisms in diabetic pregnancy, whatever that means—failed to be 
achieved, perhaps because insulin was given throughout pregnancy.

Teratological Mechanism

As part of investigating teratological mechanism, studies were made to learn when 
during pregnancy the maternal diabetic state exerted its effects (Eriksson et al. 
1983, 1989). Thus insulin given intermittently usually reduced the frequency of 
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the malformations, indicating that they were determined during the early to middle 
embryonic period.

It is important to recall however that the definition of malformation was broad-
ened, making comparison with previous studies difficult. Finally, as elsewhere, the 
maternal glycemic state seemed irrelevant to the teratological outcome, since the 
serum glucose levels did not differ in rats with and without malformed offspring; 
and uninterpretable variations in beta-hydroxybutyrate concentrations were of no 
help in understanding the etiology of the defects. Thus, understanding mechanism 
once more proved elusive.

Rat Stock Studies

The findings in studies using different rat stocks will be briefly summarized. Severe 
hyperglycemia induced in females of Sprague-Dawley and Wistar rats resulted in 
fetal weight and growth impairment, but very few offspring of the former and none 
of the latter had external abnormalities (Uriu-Hare et al. 1985). Growth retardation, 
indicated by fewer ossification centers, occurred at several sites including caudal 
vertebrae, in Wistar usually to a greater extent than in Sprague-Dawley offspring. 
Thus none of the external malformations were seen that were reported by Eriksson 
et al. (1982); on the contrary, various minor skeletal abnormalities occurred not seen 
previously, but infrequently.

In contrast two long separated Sprague-Dawley sublines displayed some varibil-
ity, one but not the other having micrognathia and caudal dysgenesis, depite having 
similar degrees of induced hyperglycemia (Eriksson et al. 1986). For want of a bet-
ter explanation it may be that the difference originated in a single gene mutation, 
as was likely the case for the difference in susceptibility to streptozotocin-induced 
diabetes between two inbred mouse strains (Kaku et al. 1989). But the outcomes of 
a cross-breeding experiment made this unlikely (Eriksson 1988), a situation remi-
niscent of the findings in a long-ago study of the genetics of cortisone-induced cleft 
palate with inbred strains of mice (Kalter 1954).

Another study examining early fetuses of the two sublines found similar fre-
quencies of features, such as those seen previously (Deuchar 1977)—malrotation, 
open neural tube, heart hypertrophy—in both lines (Styrud et al. 1995). The expla-
nation advanced for this unexpected finding was convoluted and unconvincing, but 
was admitted in the end to be unknown. It was clear that the apparent discrepancy 
showed that the developmental delay was nonspecific and unrelated to induction of 
major malformations.

Another largely negative study again found that the lines seemed to be of two 
discrete populations, one showing moderate and the other severe degrees of hyper-
glycemia, with no overlap, and with no or very little difference in fetal consequence 
between them (Giavini et al. 1986).

Still another study revealed inconsistency, a wide variety of external and internal 
defects but with no specificity to the time of treatment, and mostly of unimpres-
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sive incidence (Padmanabhan and Al-Zuhair 1988). Among the many types were 
two that appeared in other studies—omphalocele and micrognathia—as well as car-
diac septal defects, that were seldom seen in near-term fetuses. The latter, the most 
frequent defect, also appeared in controls. but its diagnosis was unreliable. Insu-
lin reduced all skeletal defects, contradicting another study (Eriksson et al. 1982). 
Finally, compounding the confusion, it was noted that insulin increased skeletal 
anomalies, perhaps by causing maternal hypoglycemia (Tanigawa et al. 1991).

Nutrition and Diabetes

Trace element metabolism appeared to be disturbed in diabetic animals (Eriksson 
1984; Uriu-Hare et al. 1989). This might have been of significance since maternal 
nutrition had long been known to have a vital role in prenatal development, ex-
perimental studies having found that severe vitamin and mineral deficiency caused 
fetal growth retardation and congenital malformations (Kalter and Warkany 1959; 
Hurley 1977).

First came the discovery that fetuses of diabetic rats were deficient in zinc, de-
spite the pregnant animals having elevated mineral levels. This led to attempts to 
prevent the fetal effects by zinc supplementation (Eriksson et al. 1984), which was 
unhelpful since the fetal zinc level remained reduced, growth was unimproved, and 
the abnormality rate was unchanged.

Equally negative was the evidence that deficiency of copper, magnesium, and 
protein had any part in the teratological effects of the maternal diabetes (Giavini 
et al. 1990, 1991, 1993; Jankowski et al. 1993); studies that revealed furthermore 
the limited ability of diabetes to cause major congenital malformations, and af-
firmed the nonspecificity of the teratological response to maternal diabetes.

A novel approach, whose description is much abbreviated here, was used in an 
attempt to prevent diabetes-associated embryopathy (Hagay et al. 1995). Mice ho-
mozygous for the human copper zinc superoxide dismutase transgene and those not 
possessing the gene were crossbred and administered streptozotocin at embryonic 
stages and embryos examined not long after. The findings—impaired size, certain 
anomalies—as would be expected from such young specimens, were unclear, al-
though the transgenic state appeared to protect against the embryopathic changes, 
for which complicated explanations were given. Many of the defects however were 
similar to those transitory ones found in previous studies of embryos and young 
fetuses of diabetic animals, which were probably expressions of delayed develop-
ment, and no doubt this was the case here as well.
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Spontaneous Diabetes

The importance of spontaneous diabetes in animals for examining effects on prena-
tal development lies in the chance that it may offer a more valid model of the human 
condition than induced ones. Diabetes occurs in several animal species (Salans and 
Graham 1982), but pregnancy has been described in few of them.

Mouse Genes

Certain recessive genes in mice cause a diabetes syndrome, but most are maturity-
onset states associated with obesity and sterility (Coleman 1982), and are not analo-
gous to human type 1 diabetes. One that does not lead to sterility, the semidominant 
yellow ( Ay), when incorporated into the KK inbred strain, which itself is prone to 
a noninsulin dependent diabetes, was briefly reported to cause external ear defects 
and various skeletal variations (Ooshima and Shiota 1991). Physical abnormalities 
did not occur in offspring of KK mice without the yellow gene (Reddi et al. 1975). 
In congenic inbred mice with the yellow gene there were no congenital malforma-
tions in offspring of pregnant hyperglycemic females (Teramoto et al. 1991).

Merely for the sake of leaving no stone unturned I mention a study with mice the ba-
sis of whose diabetes was not mentioned, one concerned solely with patterning defects 
in the neural tube, which deserves no further discussion (Dheen et al. 2009). [Buried 
in the article is a reference to one by this and other authors of mice made diabetic by 
streptozotocin; this was perhaps the basis of the diabetes in this paper as well.]

The NOD Mouse

Studies of the prenatal effects of spontaneously developing mouse diabetes have 
been made only with the NOD (nonobese diabetic) mouse strain. As with the BB 
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rat, discussed below, its condition appeared to simulate the human type 1 form of 
the disease, and diabetic animals required maintenance doses of insulin (Makino 
et al. 1980; Leiter et al. 1987; Tochino 1987).

A teratology study found many fetuses dead, but the live and examinable ones 
had various defects, two predominating—a high frequency of exencephaly and a 
smaller one of spina bifida (Otani et al. 1991). All of the defects however also 
occurred in offspring of nondiabetic NOD females. A cross-transfer experiment at-
tempted to clarify the maternal versus conceptal source of the teratogenic response, 
but no definitive conclusions were reached. Thus while in one experiment diabetes 
was associated with an increased frequency of malformation, in another maternal 
diabetic and nondiabetic backgrounds did not lead to different teratologic conse-
quences, seemingly discrepant results difficult to interpret.

A different colony of NOD mice had a greater diversity of malformations, seen 
at later stages of pregnancy, many with abnormalities of the neural tube, face, tail, 
and ventral body wall, as well as complex viscero-cardiac malformations (Morishima 
et al. 1991). Some defects were also seen in a few offspring of nondiabetic NOD fe-
males, and many factors, such as differences in the glycemic state in females bearing 
and not bearing malformed offspring, made the results once more difficult to interpret.

Making the findings even more problematic was the fact that females of the 
NOD stock without overt diabetes also had offspring with malformations of the 
same sorts as occurred in those of diabetic ones. What this might mean respecting 
the etiology of the malformations in the diabetic group was left in mid-air.

The BB Rat

The study of spontaneous diabetes in rats began with the discovery of the condition 
in an outbred Wistar line, given the name BB (Nakhooda et al. 1976), which dis-
played clinical and pathological features similar to those of the human early-onset 
insulin dependent form (Marliss et al. 1982). Soon after its abrupt onset at 2–6 
months of age diabetic animals required insulin daily for survival.

Despite the promise the model offered of investigating the effects of diabetes 
on fetal development and testing whether tight control of maternal diabetes would 
reduce fetal morbidity and maldevelopment it has been little exploited for these 
purposes.

In one such study diabetic females receiving insulin bred to diabetic or nondia-
betic BB males had offspring with eye and central nervous system malformations 
and undescribed skeletal defects, one of the latter erroneously said to resemble the 
human caudal regression syndrome. The size reduction indicated the skeletal de-
fects to consist of delayed ossification—hardly malformations (Brownscheidle and 
Davis 1981; Brownscheidle 1986).

True malformations, anophthalmia, exencephaly, and gastroschisis, were seen 
in late fetal and newborn offspring (Brownscheidle et al. 1983). Other conditions 
were present at term, delayed ossification of cranial elements and vertebral centra 
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and wavy and absent ribs, but since the offspring were not fostered on nondiabetic 
females their meaning is clouded. The postnatal progress of the offspring was fol-
lowed, with several developmental milestones delayed in some cases.

Only one other reproduction/teratology study, it seems, was made with BB rats, 
diabetic females being bred to like males and usually given insulin daily throughout 
pregnancy (Eriksson et al. 1989). As for congenital malformations only two were 
seen in 47 surviving fetuses, the sparsity of which, in contrast with studies described 
above, was imputed to the resorption of malformed fetuses, for which however no 
evidence was presented.

Chinese Hamster

Reproduction studies were made in another species that developed diabetes sponta-
neously, Chinese hamster. In one, other than a slightly increased birth weight, there 
was no physical change (Heisig and Schall 1971). In another, preweaning mortality 
was increased, but its cause was not determined (Gerritsen et al. 1974).

A more extensive study used two related lines, one with a low and the other a 
high rate of diabetes, the latter produced by brother-sister inbreeding and selection 
(Funaki and Mikamo 1983). Near-term offspring of diabetic females of both lines 
had a low frequency of various gross malformations, such as agnathia and omphalo-
cele. The latter defect, occurring in offspring of a nondiabetic female of the low-rate 
line, indicated that in the diabetic animals it may have been due to a synergism.

Various things were left unnoted. Whether the blood glucose level in the dia-
betic females that bore offspring with malformations was different from that of 
the others was not examined. The proportion of growth retarded fetuses of diabetic 
females was increased, but whether it coincided with maldevelopment was not men-
tioned. The matter is raised because it may be as relevant to omphalocele—the 
most frequent malformation—as retarded development is to skeletal abnormalities 
discussed above.

A photograph in this publication displayed an abnormality mentioned in no other 
article on induced or spontaneous animal diabetes I am aware of. This was a defect 
labeled “omphalocele”—a defect discussed below—seen often enough in offspring 
of diabetic animals to be suspected of constituting a characteristic abnormality. The 
photo afforded insight into the possible nature of the defect which could not be 
conjectured in its absence. This subject will be dealt with in detail in the critique 
section below.

Postnatal Studies

Studies of the postnatal growth and development of offspring of animals with strep-
tozotocin-induced diabetes were limited, but also inconsistent, due perhaps to varia-
tions in levels of maternal hyperglycemia.

Mouse Genes
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For example, postnatal weight gain was accelerated, perhaps only temporarily 
(Oh et al. 1988). Also the weight of 4-week-old offspring was conflicting (Linn 
et al. 1993). It is obviously important to know whether the developmental detri-
ments noted in these and other studies were prenatal or postnatal in origin, but this 
was not addressed here.

This uncertainty was removed by cross-fostering studies and others showing that 
the deleterious effects on postnatal growth of having a diabetic mother stemmed 
from conditions present after and not before birth (Vasilenko et al. 1989); furthe-
more the effects progressively diminished with age (Grill et al. 1991).

Preimplantation Studies

The impact of induced maternal diabetes on embryos in the period before implan-
tation, in contrast with that after birth, was clear and consistent, the sole finding 
being retarded blastocyst development (Diamond et al. 1989; Vercheval et al. 1990; 
Moley et al. 1991; Hertogh et al. 1992); exceptional in this regard were embryos of 
spontaneously diabetic hamsters (Funaki and Mikamo 1983). This early retardation 
was as little helpful however in understanding the supposed teratological repercus-
sions of diabetes on the definitive embryo and fetus (as many of the authors of these 
article thought it could do) as is the form of developmental retardation found in 
near-term fetuses. Regardless of anything else, the early-pregnancy studies comple-
mented those of later stages in pointing to the fact that maternal diabetes, at least 
the induced form, had the common effect of causing growth retardation at whatever 
prenatal stage it acted.

An apparently identical inhibition of blastocyst development was caused by 
heat-shocking mice on the 1st day of pregnancy (Elliott and Ulberg 1971). Of which 
various interpretations were offered, but which may simply have been a nonspecific 
consequence, due to heat, diabetes, viz., of a systemic dislocation of maternal well-
being—whatever that may mean.

Other Species

The effects of experimentally induced diabetes on reproduction and prenatal devel-
opment were examined in various other species. In an early study of female rabbits 
made diabetic by alloxan prior to conception most of the pregnancies aborted, a 
few ended in premature delivery or stillbirth, but congenital malformations were 
not seen in any offspring (Miller 1947). A study of uterine glycogen in alloxanized 
pregnant rabbits failed to mention the outcome in offspring (Vaes and Meyer 1957).

Another study of rabbits had more positive results (Barashnev 1964). Alloxan 
was given before conception or at three widely spaced times during pregnancy and 
fetuses were examined grossly and histologically. Most offspring were alive but 
immature and growth retarded. The brain, the only internal structure studied, was 
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reduced in size, but in some also malformed, especially the cerebral hemispheres. 
Also a very few offspring of females treated before conception or during the em-
bryonic stage had external malformations, of eyes and skull. Whether these conse-
quences were related to diabetes severity and whether those escaping maldevelop-
ment were among the offspring of females receiving insulin were not clarified.

Dogs of an unspecified breed given alloxan before conception had apparently 
morphologically normal offspring (Miller 1947). Studies with guinea pigs made di-
abetic by streptozotocin injection before conception were similarly negative (Sain-
tonge and Côté 1983, 1984).

Malformations—Direct vs Indirect Origin

Several matters mentioned above must be considered further. The first concerns the 
basis of the prenatal harm of chemical-induced diabetes. The fetal abnormalities 
that result from an agent given during pregnancy may be due to direct or indirect 
action, the latter via some effect on the pregnant animal, e.g. hyperglycemia. This is 
an old problem in experimental teratology, often difficult to resolve (Khera 1984).

This question was raised in a study of mice getting alloxan during midpregnancy, 
in which several fetuses had a defect suggesting myeloencephalocele (Ross and 
Spector 1952). Since the dose was subdiabetogenic and the maternal blood glucose 
level was normal it was suggested that the maldevelopment may have been due to 
histotoxic effects of the alloxan rather than its diabetogenic qualities.

The question is whether, despite their brief presence, the diabetogenic chemicals 
act on the conceptus directly or indirectly through the maternal organism. The ar-
gument that since such chemicals have extremely short half lives (Patterson et al. 
1949; Kerunanayake et al. 1976) their prenatal consequences must be indirect, 
through induction of maternal diabetes, overlooks the consideration that if the brief 
moment of their potency is not too short to permit it to reach and destroy insulin-
producing cells of the maternal pancreas, why should they not also be able during 
such a short spell to reach embryos to harm them directly. Other chemicals, of 
established teratogenicity, share this attribute of brief existence (Nau 1987). What 
the question perhaps calls for is a comparison of the fetal consequences of these 
chemicals administered before and at various times during pregnancy.

Malformations—Pre- or Postimplantation Origin

Do diabetogenic chemicals harm conceptuses by acting upon them directly or via 
the maternal disease state? Although their action in destroying beta cells is rapid 
the hyperglycemic consequences take time to be expressed. Therefore, when the 
chemicals are administered during embryonic stages, some of the embryotoxic ef-
fects may be due to direct, i.e., immediate, action because diabetes may not yet have 
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developed. It follows that the malformations thus caused will be of specific types 
associated with the teratologic vulnerability of the time of treatment.

When, on the other hand, a chemical is administered before or at the time of con-
ception, sufficient time will usually have passed for diabetes to be established when 
embryogenesis begins, and the anomalies induced will be due to the chronic maternal 
disease state. With these matters in mind, it can be asked whether the true malforma-
tions induced by these different etiologic avenues were distinct from each other.

True malformations did occur, although mostly in limited assortment and rela-
tively low frequency. In mice, after alloxan, they were almost entirely of the neural 
tube, palate, and lower jaw; the same usually among the commonest in rats after 
alloxan. On the contrary, streptozotocin in rats led to a narrow array of defects, with 
those of the neural tube, jaw, and ventral body wall predominating. The overall 
impression, with few exceptions, is of a patternless miscellany.

Nevertheless, there seemed to be clear differences between the effects of direct 
and indirect action, despite the few overlaps that blurred the distinction. Strongly 
implicating direct action were the time-related specificities following treatment in 
midgestation, but with some defects occurring only after postimplantation treatment, 
e.g. digital and renal abnormalities (Wilson et al. 1985; Watanabe and Ingalls 1963; 
Takano et al. 1965; Takano and Nishimura 1967; Padmanabhan and Al-Zuhair 1988). 
In contrast, indirect action was indicated by agnathia and micrognathia occurring only 
after preconception treatment, and neural tube defects and omphalocele after precon-
ception and early postimplantation treatment. Other malformations, especially facial 
clefts, were shared by almost all the studies, regardless of treatment time.

Fetal Growth Retardation

Since maternal diabetes retards development in the blastocyst as well as the embry-
onic stage—perhaps throughout prenatal existence—it is possible that this retarda-
tion is the feature underlying many of the defects in offspring of diabetic animals. 
Thus being the most prevalent and pervasive of its effects attempts were made to 
examine and explain it.

Signs of embryonic growth and developmental retardation were significantly 
reduced crown-rump length and somite number (Eriksson et al. 1984). This was hy-
pothesized to be due to disturbed transfer of nutrients resulting from reduced utero-
placental blood flow, a belief supported by measurements finding the total flow in 
the near-term placental circulation greatly decreased (Palacin et al. 1985; Eriksson 
and Jansson 1984; Chartrel et al. 1990). But this was cruelly negated by the con-
tradictory finding that the flow in uterine and decidual tissue during midpregnancy 
was increased (Wentzel et al. 1995).

Attempts were made to reconcile these conflicting outcomes, to explain the con-
nection to the so-called malformations (this qualification will be explained below). 
One, decreased blood flow could be related to the fetal growth retardation, but not 
to the malformations in near-term offspring, because the flow to malformed and 
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nonmalformed fetuses was similar (a specious reasoning). Or, increased flow left 
the retarded growth unexplained, because of “increased delivery of oxidative sub-
strates” (Styrud et al. 1995). Take your pick.

Why ‘so-called’ malformations? Altering a definition in midstream is unaccept-
able. In a preliminary study of growth-retarded embryos the most conspicuous and 
constant feature noted was posterior neuropore nonclosure, which “should take 
place” at an earlier stage of gestation than was examined (Eriksson et al. 1984). The 
delayed closure was thus wisely refrained from being labeled a malformation. Later 
however the same features that were earlier accepted as representing retardation—
“neural tube closure abnormalities or rotational defects”—were called malforma-
tions, and the above fanciful explanation of their supposed occurrence was invoked 
(Styrud et al. 1995).

Therefore, except for a vague ‘maternal nutritional inadequacy’ the growth re-
tardation caused by animal diabetes remains unexplained, as does its putative con-
nection to malformations.

Missing Lower Vertebral Elements

The connection between prenatal retardation and the anomalies of the lower vertebrae 
reported in several studies is not difficult to see. These anomalies were of particular 
interest because they were said to be the counterpart of the caudal dysplasia syndrome 
claimed to occur frequently in children of women with diabetes, a syndrome typically 
consisting of absent sacral vertebrae. The lower vertebral bodies missing in defec-
tive offspring of diabetic rats were different in an important respect from the human 
abnormality. Though the latter were occasionally seen in newborn children, they were 
detected far more often only in older ones. In rats on the contrary the condition was 
noted in younger fetuses but not in older ones. The absence in rats was thus a conse-
quence of temporary retardation which disappeared with catch-up growth.

This conclusion was supported by a detailed analysis of the “order, time, and 
rate of ossification” of the Wistar rat skeleton made years ago (Strong 1925), which 
noted that ossification in the first sacral arch began at 18 days and 10 hours of 
pregnancy, did not occur in more rostral arches till 22 days, i.e. the time of birth, 
and in caudal bodies did not begin till 3 days postnatal. The implication therefore 
is that were the offspring of diabetic rats allowed catch-up growth, and the skeleton 
examined postnatally, especially if allowed to be nursed by nondiabetic surrogate 
mothers, it would be found that the ‘missing’ elements had appeared. The analogy 
to the human abnormality was thus entirely spurious.

Omphalocele

Prenatal growth retardation may also be associated with omphalocele, one of the 
malformations that occurred in several studies of induced and spontaneous diabetes. 
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(In all but two instances the defect was labeled omphalocele, in the exceptions it 
was called gastroschisis. These are two different abnormalities, the latter the more 
serious one, but they are often confused and misnamed. This was probably the case 
with the exceptions).

Omphalocele consists of the presence at birth of intestine in the body stalk, due 
to partial or complete failure of the developing gut to return to the abdominal cavity 
during late 1st trimester, as it normally does. Although it is an abnormality when 
present at birth, in the embryo in the form of a transient umbilical herniation it is a 
normal phenomenon (deVries 1980).

Under certain conditions, however, e.g. growth disturbance, it may persist into 
later stages, and in some instances the omphalic sac may rupture before birth. Om-
phaloceles vary in size, and as commented “small and large omphaloceles should 
be distinguished because of their different nature and different prognosis” Warkany 
(1971, p. 759). A photograph of a fetus with what was labeled an omphalocele 
showed a specimen with intestine but no other abdominal organ extruded, which 
was probably a relatively small ruptured omphalocele (Funaki and Mikamo 1983). 
Such defects therefore were also probably an expression of the fetal growth-inhib-
iting influence of the maternal disease.

Conclusion

Animal models have been used to probe unresolved problems of human diabetic 
pregnancy, especially the one most regarded as still outstanding, the increased risk 
of congenital malformations in children of diabetic women. The current belief is 
that poor control of the maternal disease in early pregnancy is at its root, a belief that 
was supported by the beneficial fetal outcome apparently obtained by closely su-
pervising the metabolic state of diabetic women from before or early in pregnancy 
(Steel et al. 1990).

This salutary result seemed to be complemented by findings of experimental 
studies in which insulin administration reduced the rate of malformations in off-
spring of diabetic animals. These and other outcomes, however, are not without dif-
ficulties of interpretation, and it is to these complications that attention now turns.

First to be considered are the aberrant conditions found in the embryos and fe-
tuses of diabetic animals. These were of two sorts, which differ qualitatively from 
each other in a crucial attribute, namely, whether they are persistent or not. Persis-
tent aberrations are present at birth and continue to exist into postnatal life. Transi-
tory ones are those that are present at some time during prenatal life, but by the time 
birth approaches (or afterward in the case, e.g. of many ventricular septal defects, as 
discussed elsewhere in this work) have disappeared. The first consist of congenital 
malformations and the second of aberrant states of other sorts, described above.

The malformations comprised a relatively small variety; and could be almost 
completely divided into those caused by direct embryotoxic action of the chemical 
agents and those due indirectly to their diabetogenic repercussion. If any correspon-
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dence is to be sought between the human and animal effects of maternal diabetes, 
and insight gained into the fundamentals of their occurrence, it is only those of 
indirect origin that can be relevant. In studies in which malformations of this nature 
were produced the most often occurring, perhaps representing a characteristic clus-
ter, were of the neural tube, ventral body wall, and mandible.

Many congenital malformations are said to be commoner, some of them far 
commoner, in the newborn children of women with diabetes than in those of nor-
mal pregnancies (e.g. Greene 1989; Combs and Kitzmiller 1991). [Parenthetically, 
these repeatedly cited statistics are largely based on a comparison of hospital series 
of diabetic pregnancies with wholly inappropriate and faulty control data (Kučera 
1971a), and hence are untrustworthy, as often stated above.] Of this large variety 
of malformations only a small number however are held to be part of the constel-
lation—the so-called diabetic embryopathy—that denotes it as diabetes-specific, 
prominent among them holoprosencephaly and certain lower vertebral defects. The 
first of these, or any of its varieties, was never reported in experimental studies of 
diabetic pregnancy. The second, on the other hand, occurred frequently.

The human malformation whose analogue the animal skeletal defects in ques-
tion was assumed to be is absence of sacral vertebrae. It has the distinction of being 
considered the most common one; i.e. the ratio of its occurrence in diabetic vis-à-vis 
nondiabetic pregnancies is greatest of any defect; though it is far less so than univer-
sally cited (as detailed above). This malformation, held to be foremost among the 
hallmarks of the embyropathic effects of human maternal diabetes, was the focus 
of many of the experimental studies discussed above, in the endeavor to reproduce 
it in the offspring of the diabetic animals. But as was noted frequently, the analogy 
is false, since absence of lower vertebral elements in offspring of diabetic animals 
was invariably due to retarded fetal development, and with continued growth the 
supposedly missing ossification centers appeared by the time birth approached.

Insulin was administered to diabetic animals in several studies (Horii et al. 1966; 
Tanigawa et al. 1991; Baker et al. 1981; Eriksson et al. 1982; Wilson et al. 1985). 
In one, in which diabetes was induced before conception, insulin almost entirely 
prevented the defects produced by the maternal diabetes, micrognathia and what 
was termed caudal dysgenesis (Eriksson et al. 1982). The latter consisted of miss-
ing caudal vertebrae and “lack of the tail.” But, as reasoned above, it is likely that 
it was absent only in the sense that no ossification sites were visible. That this de-
fect was prevented by insulin was thus no doubt due to restored fetal growth. The 
prevention of the other defect, micrognathia, was apparently real. But its frequency 
in noninsulin-supplemented instances decreased with advancing fetal age, again in-
dicating that it also had some growth-retarded aspects. In the other preconception 
study skeletal defects were not prevented, but on the contrary were induced, which 
was ascribed to the hypoglycemic effects of the insulin (Tanigawa et al. 1991).

In a study in which alloxan was given before implantation insulin prevented the 
very low percentage of various axial skeletal ones, and also all but prevented the 
neural tube and facial defects (Horii et al. 1966). Streptozotocin administered soon 
after implantation, i.e. at an early embryonic stage, apparently caused only defects 
of the lower vetebral column, and insulin, not surprisingly, since it improved fetal 
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growth, lowered the frequency of the defects (Baker et al. 1981). Finally, following 
alloxan given soon after implantation, a single insulin treatment reversed the retard-
ed ossification and mitigated the teratogenic effects (Wilson et al. 1985). Because at 
least some of the teratological results probably had an indirect basis their mitigation 
or prevention by insulin largely supported the separability of the direct and indirect 
effects of diabetogens.

Whether diabetes induced by cytotoxic chemicals in mice and rats is a suitable 
counterpart of human type 1 diabetes for studying and clarifying some of its out-
standing problems has still not been fully agreed upon. What seemed indisputable 
is that the abnormalities of the vertebral column in offspring of animals with this 
diabetes were temporary by-products of fetal growth retardation, and did not cor-
respond at all to the sacral abnormality in children of diabetic women. With respect 
to the malformations in the animals, most of the relatively small variety they con-
sisted of were not among the ones occurring frequently in children. Even putting 
this fact aside, it is still to be proven whether these teratological experiments, indeed 
whether the diabetes induced, had any relevance for the investigation of human 
diabetic pregnancy.

So far as the experiments themselves are concerned, it is clear that the induction 
of diabetes by chemicals is often inefficient, and that when induced the diabetes was 
usually not teratogenic or only unclearly teratogenic. Finally, facts such as the poor 
relation between maternal blood glucose level and teratogenesis, and that animal 
stocks made equally hyperglycemic by diabetogens nevertheless differed in prena-
tal vulnerability, threw doubt on the concept that put upon hyperglycemia the entire 
blame for harming embryos and the belief that management of the human disease 
is the preventive formula.

A final word. It is hard to believe at this late date that elementary misconcep-
tions are still prevalent. But they are. In an article called “animal models in diabetes 
and pregnancy” it was proposed that “experimental models of diabetes” can be 
useful for analyzing the induction of congenital malformations, etc., (Jawerbaum 
and White 2010). The thrust of the proposal, however, seemed to be about diabetes 
type 2—which the so-called animal models, such as those discussed above, were 
not afflicted with—and moreover that type of diabetes has not been accused of be-
ing teratogenic.
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It is of use, from time to time, to take stock, so to speak, of our knowledge of a 
particular disease, to see exactly where we stand in regard to it, to inquire to what 
conclusions the accumulated facts seem to point, and to ascertain in what direction 
we may look for fruitful investigations in the future (Osler 1885).

Introduction

The basis of the supposed causation of congenital malformations by maternal dia-
betes, as the orderly mind conceives it, like everything in organic nature, must be 
either genetic or not genetic. Let us consider that the former is true. If so, the in-
strumentality may be construed as analogous to the hereditary pattern of insulin 
dependent diabetes mellitus itself, which probably has a multifactorial mode of 
transmission (Neel 1958; Vadheim et al. 1983). But serious inquiry into whether 
genetic factors play some role in the occurrence of these phenomena has never been 
made, e.g. by familial studies of malformations in sibs of affected individuals born 
before the clear advent of maternal diabetes, or of like patterns of malformations in 
offspring of maternal nondiabetic sibs, etc.

As it happens, a certain consistent finding overleaped the question and made 
speculation unnecessary, namely that the frequency of congenital malformations in 
the children of prediabetic women or, even more conclusively, in those of insulin 
dependent diabetic men does not exceed that in the overall population (Koller 1953; 
Rubin 1958; Hagbard et al. 1959; Neave 1967; White 1971; Chung and Myriantho-
poulos 1975b; Theile et al. 1985). So, the reasoning goes, it cannot be the diabetes-
related genes diabetic mothers transmit to their children that are the reason for the 
increased risk of congenital malformations, because children also inherit such genes 
from diabetic fathers (El-Hashimy et al. 1995). The proneness to maldevelopment 
must therefore be due to nongenetic i.e. environmental forces.

The knowledge that congenital malformations may be caused by environmental 
forces was only very recently acquired. Previously it was largely taken for granted 
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that human and other mammalian embryos were sheltered from external damage, 
and that prenatal maldevelopment must be genetic in origin.

Observations of congenital malformations in human beings are as old as re-
corded history (Martin 1880; Ballantyne 1894; Warkany 1977); but extensive and 
detailed description and analysis of these phenomena, intermingled with inquiries 
into their origins, began only in the nineteenth century (Saint-Hilaire 1832; Ballan-
tyne 1902; Schwalbe 1906; Mall 1908). Full realization of the fact that human mal-
development can be caused extrinsically [aside from various superstitious notions 
(Glenister 1964)] only dawned with the discovery that therapeutic x-irradiation can 
be teratogenic (Goldstein and Murphy 1929; Murphy 1929). But this was little re-
garded, because that causative agency was felt to be unnatural and hence hardly 
physiologically relevant.

This attitude very soon greatly altered when it was revealed just a few years later 
that rubella, or German measles, a common infectious disease, and a long-standing 
part of humankind’s everyday surroundings, an epidemic of which had struck war-
time Australia, caused congenital abnormalities in offspring of infected pregnant 
women in that country (Gregg 1941). The final stroke, forcing the most reluctant 
skeptic to accept that environmental factors were capable of gravely damaging hu-
man embryos, came with the revelation that what had been considered to be a rela-
tively harmless sedative, thalidomide, had caused devastating malformations (Lenz 
1961; McBride 1961). In addition several other environmental agents and situations 
have been confirmed to be human teratogens, as noted in authoritative summaries 
of the contemporary understanding of the causation of congenital malformations in 
human beings (Kalter and Warkany 1983; Kalter 2010).

Diabetes and Malformations

Can type 1 diabetes mellitus cause malformations? Many authors have thought so; 
some exposing their naiveté have even written that “maternal diabetes is the only 
proven teratogen” (Kotzot et al. 1993). Some have provided a long list of defects 
so caused (e.g. Reece and Hobbins 1986) and loftily expounded on their etiology, 
mechanisms, and metabolic basis (Hoet 1986; Freinkel 1989; Cousins 1991b; Goto 
and Goldmann 1994; Sadler et al. 1995).

A number of authors, especially from older days, were more circumspect, and 
expressed doubt. They did this especially by noting the wide range of malformation 
frequencies, some not varying from normal, found by some studies of the outcomes 
of diabetic pregnancies (see Kyle 1963); and in trying to explain the reasons for this 
variability sounded their many weaknesses. Examples follow.

Some authors may have included every trivial abnormality found on clinical examination, 
whereas others used technical aids to diagnosis or recorded only the lethal malformations 
discovered at autopsy. Some have mentioned only those anomalies which are obvious only 
in the first week whereas others have followed their cases and have added those malforma-
tions which were discovered later (Farquhar 1959).
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The figures vary with the source of information, the completeness of the clinical examina-
tion or autopsy, the age of the child at which the review is made, and the definition of a 
congenital abnormality (Breidahl 1966).

Ces variations considérable tiennent aux moyens d’investigation mise en œuvre mais aussi 
et peut-être surtout à la définition des malformations congénitales, à l’âge du dépistage, à la 
possibilité de surveillance des infants (Mimouni 1972).

“Physicians would be remiss if they failed to appreciate the methodologic short-
comings in available studies. All studies lacked proper controls. Studies usually 
compared prevalences of anomalies studied prospectively in offspring of mothers 
with DM [diabetes mellitus] to prevalences in controls gathered retrospectively at 
different times by different investigators who may or may not have utilized identical 
criteria … no infants were examined in ‘blind’ fashion, i.e. by physicians unaware 
of whether their mother did or did not have DM. These represent quite serious 
objections and justify withholding definitive statements concerning the relation-
ship between maternal diabetes and anomalies” (Simpson 1978). No recent findings 
have made it necessary to alter this declaration.

A further element, at least as capable of prejudicing the findings, is biased ascer-
tainment, i.e. nonrandom selection of diabetic subjects. This is not a trivial matter 
but the importance of neutrality was almost never given due consideration. Un-
biased ascertainment is the crux in the investigation of the etiology of congenital 
malformations (Little and Carr-Hill (1984)).

The Principles of Teratology

Of paramount importance in judging whether diabetes is teratogenic is determining 
whether this etiological factor conforms with teratological principles—principles 
formulated through studies with laboratory animals and which within the limita-
tions imposed by human situations apply as well to people (Wilson 1973). In es-
sence these entail: the basis and locus of teratogenic susceptability; the dependence 
of the adverse outcome on the prenatal stage exposed; the nature of the agent; and 
the degree and form of the expression of the harmful effects.

The question will focus on the relation between the malformations alleged to be 
caused by maternal insulin dependent diabetes and the excessive perinatal death 
rate in diabetic pregnancy.

Teratogens can be considered to be of two sorts, those the pregnant subject is 
exposed to once or intermittently and those present chronically, e.g. therapeutic 
pharmaceutical agents and environmental pollutants respectively.

Not all the principles are clearly applicable to human teratogens. Thus, there are 
but few explicit examples of the role played by genetics in affecting susceptibility. 
The experimental finding that agents causing maldevelopment at given dosages kill 
at larger ones (Kalter 1980) is inapplicable to humans, because teratogens have 
rarely been experienced by humans at levels that might be prenatally lethal; while 
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those of specificity of timing and response are adhered to by teratogens as they act 
in humans, as illustrated by some examples.

Ionizing irradiation, medical or military, displayed target specificity by almost 
exclusively causing the single defect microcephaly; and its time-limitedness, by the 
relation of head circumference to maternal distance from the Hiroshima atomic-
bomb hypocenter (Miller and Blot 1972; Miller and Mulvihill 1976).

Rubella viremia though protracted during pregnancy also displayed defect and 
time specificity by causing a particular combination of congenital abnormalities and 
those in most cases only by infection in the 1st trimester (e.g. Munro et al. 1987); 
the nature of the disease however did not allow a dose-response analysis of its con-
sequences (Warkany and Kalter 1961; Warkany 1971, p. 62 et seq.).

Although suspicion fell early on thalidomide as the cause of an epidemic of 
limb malformations in several countries (Lenz 1961; McBride 1961) it took intense 
epidemiological study to establish the connection firmly (Weicker 1963, 1969). 
Various systems were affected but most frequent were unusual limb abnormalities 
(Smithells and Newman 1992). A precise time specificity existed as well, exposure 
on only the 35th to 50th days after the last menstrual period being teratogenic, with 
different parts affected at different times during this interval (Nowack 1965; Kreipe 
1967).

Anticonvulsant drugs taken in the 1st trimester increased the risk of congenital 
malformation, with certain defects predominating. Primary risk factors were gesta-
tion exposure time, high drug dosage, and the particular anticonvulsant drug taken 
(Janz 1982; Bossi 1983; Kaneko and Kondo 1995).

Diabetes and Teratological Principles

Is genotype of influence? Type 1 diabetes is not always present during all of a 
woman’s reproductive years. Yet seldom have the outcomes of the pregnancies of 
diabetic women preceding disease onset been considered. Some evidence may be 
pertinent.

Glasgow et al. (1979) saw two women who each twice delivered congenitally 
malformed children, one, first a baby with cardiovascular malformations and then a 
baby with an accessory auricle and tooth asymmetry (hardly major defects); and the 
second, successively a child with anencephaly, a normal one, one with transposition 
of the great vessels, and finally another without defects. Coustan et al. (1980) noted 
one child with an absent tibia who had an older sibling with the same defect (it was 
unstated whether the mother was also diabetic in the previous pregnancy). Small 
et al. (1986) reported two sets of malformed siblings, a pair with pyloric stenosis 
and pulmonary valve disease, and three children with cleft palate, anencephaly, and 
hypoplastic heart respectively. Stubbs et al. (1987) noted two women each with a 
malformed child who had each previously had a malformed baby, but the nature 
of the older children’s defects and whether the mothers were diabetic during those 
pregnancies were not stated.
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The possible intrinsic basis of some diabetes-associated malformations might 
have been examined by the simple means of studying the family histories of dia-
betic women. But such studies, to my knowledge, have never been made. Con-
genital malformations such as pulmonary stenosis, recorded several times as be-
ing due to diabetes, have long been known to have a significant familial rate of 
recurrence (e.g. Warkany 1971, p. 549). Numerous other malformations share this 
propensity.

Teratological Specificity

It has claimed by some, denied by others, and both claimed and denied successively 
by still others, that maternal diabetes is especially associated with an increased fre-
quency of specific congenital malformations, namely cardiovascular malformations, 
particularly ventricular septal defect, anencephaly and certain other malformations 
of the central nervous system, and abnormalities of the caudal spinal column.

The present work has nullified such claims, with only the more modest belief re-
maining that there is a general increase in malformation incidence without a prepon-
derance of any one type of abnormality. The rationale for a nonspecific outcome, as 
one author put it, is that “the diabetic state persists throughout pregnancy; thus one 
could reason that nonspecific anomalies of all organ systems would be expected, in 
contrast to the specific group of anomalies characteristic of drug- or virus-induced 
teratogenesis” (Simpson 1978).

This is specious reasoning, as a few examples attest. Thus, with respect to viral 
teratogenesis, fetuses may be infected with rubella throughout gestation, be born 
infected, and yet only have teratogenic effects related to the stage of gestation at 
the time of maternal infection (Ueda et al. 1979). Another, phenylketonuria, also 
a chronic or constitutional maternal disease, present throughout pregnancy, whose 
embryopathic effects yet show organ and time specificity (Koch et al. 1994).

As the previous pages showed however diabetes is not associated with specific 
congenital malformations, and especially departs in this respect from known hu-
man teratogens, whose analysis often related particular ones to susceptible periods 
of early gestation. Thus it does not adhere to the specificity tenet required for a 
teratogen.

Dose–Response Relation

The dosage of teratogens, as shown clearly by eperimental studies, determines the 
frequency and severity of the response. Dosages below a threshold level are without 
apparent harm to embryos; above it the teratological effects are progressively more 
frequent and severe until fetal death ensues. Death may be due to direct effects on 
fetal organs, specific or nonspecific, or to indirect effects of maternal toxicity; but in 
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particular instances, even in experimental studies, it has not been easy to say which 
of these, or in fact any of them, is responsible for death (Kalter 1980).

Very early in the study of the outcome of diabetes in human pregnancy attempts 
were made to relate various features considered to indicate severity of the diabetic 
state to the high perinatal death rates of the day, such as maternal age at onset of the 
disease, the length of time it had endured, the dose of insulin required, pathological 
complications, sex hormone imbalance, etc. None of these was clearly tied to infant 
death. Still, closely supervised maternal care and its product, normal or nearly nor-
mal blood glucose levels, were noted to be related to improved survival.

The great decline in the infant death rate beginning in mid-twentieth century, in 
many parts of the world, turned attention to the most prominent remaining lethal 
factor, malformations, and here also attempts were made to find maternal correlates 
that would give insight to prevention. Taking a hint from certain beneficial effects 
of maternal glycemic control, studies were made of the association of malformation 
frequency and glucose level in early pregnancy.

If congenital malformations were caused by maternal diabetes, as mediated by 
maternal carbohydrate imbalance, then the degree (i.e. dosage) of this imbalance, 
gauged e.g. by level of glycosylated hemoglobin, should have been correlated with 
the intensity of the effect, at least above a threshold, as in adult diabetic complica-
tions (Viberti 1995). This proposition was tested by determining the frequency of 
congenital malformations in diabetic women with different mean levels of this com-
ponent. But as noted above clear-cut consistent findings supporting the contention 
eluded investigators.

In experimental teratology the relation of malformation frequency and incidence 
of fetal death is complex. In some studies the malformation frequency due to larger 
doses was reduced by the death of abnormal fetuses; while in other studies the 
malformation frequency and death rate both increased with dosage, indicating non-
specific effects (Kalter 1980).

In diabetic pregnancy in women the perinatal death rate greatly decreased over 
time, probably partly owing to improved metabolic management (i.e. lowered dos-
age), but the malformation frequency, according to the results outlined above, re-
mained constant in surviving offspring. Conforming to the first paradigm, ceteris 
paribus, the malformation rate should have increased, according to the second it 
should have decreased. It did neither. This would seem to be further indication of 
the nonteratogenicity of maternal diabetes.

A Summary of Sorts

In the present work, in order to determine whether insulin dependent diabetes can 
cause malformations in the offspring of diabetic women, perinatally surviving and 
nonsurviving offspring were considered separately. This was done to avoid the dis-
tortion introduced by the frequency of congenital malformations in perinatal mor-
talities—owing to their recalcitrance to prevention and the rates of malformation 
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and mortality being inversely related—increasing significantly in the last years of 
the previous century.

Congenital malformations in perinatal mortalities are to be looked into first. The 
record for all mortalities gave an unambiguous picture. In each decade since early 
in the insulin era the frequency of congenital malformations in mortalities was not 
different from that in perinatal mortalities in the general population.

Supplementing this information was that from well examined autopsy material. 
When years ago Rubin and Murphy (1958) pointed to autopsies as a means of ex-
ploring the effects of maternal diabetes on pregnancy outcome they were able to 
identify only three reports of such data, with a mean malformation frequency in the 
93 specimens of 22.6%. Time added many more such studies, but has not changed 
the outcome, the total number identified that have been autopsied stands about at 
present at 694, with a malformation frequency of 20.2%. Unfortunately in only 
four of the studies was the vital ingredient of controls examined as well, but the 
frequency in them of 17.4% provided no evidence that maternal diabetes led to an 
increased level of malformations.

It is unfortunate that the rate of autopsies of infants of diabetic pregnancies has 
greatly diminished in recent years. Of course the number of diabetic perinatal mor-
talities was greatly reduced also. But still the scarcity of autopsies is to be deplored 
because of the possible loss it entailed of further evidence regarding effects of dia-
betes on prenatal development. It may be wishful thinking, however, to expect clari-
fication from this source, since the efficacy of autopsies for ferreting out the causes 
of death was, as always, rather poor (Cartlidge et al. 1995).

An unusual matter concerning malformations in autopsied infants from diabetic 
pregnancies is that, contrary to mortalities in general, there had been no increase 
over time in their frequency; that in earlier and later years were both about 20%, 
while malformations in general population mortalities showed a manyfold rise over 
the years. Thus the malformation frequency in autopsies did not vary with the peri-
natal death rate, as it had in overall mortalities. But why it did not is hard to say, 
except to guess that those autopsied were not always a random sample.

It is also unfortunate that, with rare exceptions, spontaneous abortuses of diabet-
ic women have not been examined for structural abnormalities, despite the indica-
tion that the study of such material would surely yield answers to the question here 
pondered. One says this because of the abundance of abortuses, but especially be-
cause malformations in abortuses are far commoner than in neonates (Shiota 1993).

Last comes the issue of malformations in surviving offspring. The final account 
that has emerged from combing through the many studies of every variety that were 
published in the last 85 or more years was also unmistakable in its meaning. This 
too has told us that congenital malformations are not and never were increased in 
the children of diabetic women, despite the dramatically lowered perinatal death 
rate in such pregnancies; and thus the present ‘lowered’ levels were not the outcome 
of the great improvements in care of these women.

I have used sources from as many sides of this question as exist. As Gibbon put 
it long ago, the serious historian “is obliged to consult a variety of testimonies, each 
of which taken separately is perhaps imperfect and partial.” And in sum their testi-
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monies have obliged me to come to this conclusion, done at great peril. Research, 
someone once said, involves the shedding not the confirmation of our preconcep-
tions.

The overwhelming majority of workers in the field of diabetic pregnancy—
obstetricians, diabetologists, metabolists, clinical and experimental teratologists, 
medical geneticists, epidemiologists, and so on have seldom expressed the smallest 
doubt that type 1 maternal diabetes is teratogenic, that, on the contrary, as some 
have ventured and others parroted, it causes a two-fold or even greater elevation 
in the rate of defects beyond that occurring generally in the population (e.g. Fraser 
1994; Garner 1995; Coustan 1998). And I—an outsider, as they may say—have 
the impudence to gainsay them all. But I have worked long and diligently and with 
much circumspection reached this conclusion, and any who will attempt to dispute 
it must turn their hands and heads to being as laborious.

21 Is Diabetes Teratogenic?
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