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Series Editor’s Introduction

The Nutrition and Health™ series of books has, an overriding mission to provide
health professionals with texts that are considered essential because each includes: (1) a
synthesis of the state of the science; (2) timely, in-depth reviews by the leading research-
ers in their respective fields; (3) extensive, up-to-date, fully annotated reference lists;
(4) a detailed index; (5) relevant tables and figures; (6) identification of paradigm
shifts and the consequences; (7) virtually no overlap of information between chapters,
but targeted, inter-chapter referrals; (8) suggestions of areas for future research; and
(9) balanced, data-driven answers to patient—health professionals’ questions, which
are based on the totality of evidence rather than the findings of any single study.

The series volumes are not the outcome of a symposium. Rather, each editor has the
potential to examine a chosen area with a broad perspective, both in subject matter as
well as in the choice of chapter authors. The international perspective, especially with
regard to public health initiatives, is emphasized where appropriate. The editors, whose
trainings are both research and practice oriented, have the opportunity to develop a primary
objective for their book, define the scope and focus, and then invite the leading authorities
from around the world to be part of their initiative. The authors are encouraged to provide
an overview of the field, discuss their own research, and relate the research findings to
potential human health consequences. Because each book is developed de novo,
the chapters are coordinated so that the resulting volume imparts greater knowledge than
the sum of the information contained in the individual chapters.

Handbook of Nutrition and Pregnancy, edited by Carol J. Lammi-Keefe, Sarah C.
Couch, and Elliot H. Philipson, is a very welcome addition to the Nutrition and Health
series and fully exemplifies the series’ goals. This volume is especially timely since it
includes in-depth discussions relevant to the changing health status of women of child-
bearing potential around the world. As but one example, there is an extensive chapter on
the obesity epidemic that continues to grow even in underdeveloped nations; the chapter
includes an analysis of the comorbidities, such as gestational diabetes and related
adverse pregnancy outcomes that continue to be seen in increased numbers annually.
As indicated by E. Albert Reece, MD, PhD, MBA, in the volume’s Foreword, the
editors have “...assembled 23 superb chapters on the latest, evidence-based approaches
for managing the nutritional requirements of pregnant women in a variety of settings.”

This volume has been given the title of handbook because of its inclusive coverage of
virtually all of the relevant topics including, but not limited to, the role of nutritional status
prepregnancy, during pregnancy, and afterwards; body composition; usual and recom-
mended dietary intakes and intakes in those with eating disorders; dietary components
and alternative dietary patterns including vegetarianism and vegan diets; drug—nutrient
and drug—supplement interactions; bariatric surgery and pregnancy outcomes; adolescent
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viii Series Editor’s Introduction

pregnancy and multifetal pregnancy; pregnancy in HIV-infected women; pregnancy
complications including preeclampsia; and the nutritional needs of the lactating woman
and her nutritional needs postpartum, whether or not she is breastfeeding. This text is the
first to synthesize the knowledge base for the health provider who is counseling both the
woman anticipating pregnancy as well as the pregnant woman concerning diet, popular
diets and diet supplements, and diet components and their effects on gastrointestinal
function. Likewise, this volume contains valuable information for the health provider
about the nutritional requirements following pregnancy. In addition to an expected
single chapter on specific nutrients such as iron and folate, these essential nutrients are
discussed in two chapters from the viewpoints of pregnancy in developed compared to
underdeveloped countries, and thus these contrasting chapters will be of great value to
the graduate student and academic researcher as well as the practicing nutritionist. Two
examples of novel chapters that are unique to this volume include a review of postpartum
depression and the nutrients that may be of benefit and a chapter on the role of flavors and
fragrances on the fetus and their effects on food preferences later in life. Several chapters
contain extensive lists of relevant Internet resources and screening tools that could be
implemented in an office setting. Thus, this volume contains valuable information for
the practicing health professional as well as those professionals and students who have
an interest in the latest, up-to-date information on the full spectrum of data on nutrition
and pregnancy and its implications for human health and disease.

The editors of this comprehensive volume are internationally recognized authorities on
the role of nutrition in the health of women of childbearing potential and each provides
both a practice as well as research perspective. Carol Lammi-Keefe, PhD, is Alma Beth
Clark Professor and Division Head, Human Nutrition and Food at the School of Human
Ecology, and also has an Adjunct Faculty appointment at the Pennington Biomedical
Research Center, Louisiana State University (LSU) in Baton Rouge, LA. Prior to moving
to LSU, Dr. Lammi-Keefe served as Professor and Head of the Department of Nutritional
Sciences at the University of Connecticut, Storrs, CT. Sarah C. Couch, PhD, is Asso-
ciate Professor and Chair of Undergraduate Studies in the Department of Nutritional
Sciences, College of Allied Health Sciences, University of Cincinnati, Cincinnati, OH.
Eliot H. Philipson, MD, currently serves as Vice Chairman, Department of Obstetrics and
Gynecology, and Head of the Section of Obstetrics and Maternal-Fetal Medicine, at the
Cleveland Clinic Lerner College of Medicine, Cleveland, OH. He is a Diplomate of the
American Board of Obstetrics and Gynecology as well as a Diplomate of the American
Board in Maternal-Fetal Medicine. The editors are excellent communicators, and they
have worked tirelessly to develop a book that is destined to be the benchmark in the
field because of its extensive, in-depth chapters covering the most important aspects of
the complex interactions between cellular functions, diet and fetal development, and the
impact of maternal health and disease states on both optimal pregnancy outcomes and
enhanced maternal health and well-being.

The introductory chapters provide readers with the basics so that the more clinically
related chapters can be easily understood. The editors have chosen 42 of the most well
recognized and respected authors to contribute the 23 informative chapters in the vol-
ume. Hallmarks of all of the chapters include complete definitions of terms, with the
abbreviations fully defined for the reader and consistent use of terms between chapters.
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Key features of this comprehensive volume include the informative abstract and key
words that are at the beginning of each chapter; more than 100 detailed tables and
informative figures; an extensive, detailed index; and more than 1,500 up-to-date refer-
ences that provide the reader with excellent sources of worthwhile information about
diet, nutrition, and pregnancy.

In conclusion, Handbook of Nutrition and Pregnancy, edited by Carol J. Lammi-
Keefe, Sarah C. Couch, and Elliot H. Philipson, provides health professionals in many
areas of research and practice with the most up-to-date, well-referenced volume on the
importance of nutrition in determining the potential for optimal pregnancy outcome.
This volume will serve the reader as the benchmark in this complex area of interrela-
tionships between preconception nutritional status; nutritional needs during pregnancy
for those at low as well as high risk for adverse outcomes; postpregnancy nutritional
recommendations in both lactating and nonlactating mothers; exercise needs for women
during their childbearing years; dietary intakes, micronutrient requirements, global issues
such as obesity and HIV infections, and the functioning of the human body during these
transitions. Moreover, these interactions are clearly delineated so that students as well as
practitioners can better understand the complex interactions. The editors are applauded
for their efforts to develop the most authoritative resource in the field of nutrition and
pregnancy to date, and this excellent text is a very welcome addition to the Nutrition
and Health series.

Adrianne Bendich, PhD, FACN
Series Editor



Foreword

I have spent the past several decades investigating the consequences of what happens
to infants when their mothers have an imbalance of nutrients, such as glucose, during
pregnancy. My laboratory and others have discovered a number of biochemical changes
that result from chronically high blood glucose levels related to obesity and diabetes
during pregnancy, all of which strongly correlate with damage to the developing fetus.

One of the most important lessons we have learned over the years is that nutrition-
related malformations are much easier (and less costly) to prevent than to treat after the
fact. Inexpensive folate supplementation, for example, has been shown to significantly
reduce the risk of neural tube defects, a neurological birth defect that often has devastat-
ing consequences for both the infant and mother.

On the other hand, there is now overwhelming evidence that when it comes to pro-
viding optimal nutrition during pregnancy, there is no “one-size-fits-all” approach. For
example, we now know that women who are overweight and obese have a higher need
for folate supplementation than women of normal weight. Similarly, studies have shown
that pregnant women in developing countries or women with HIV often have their own
unique nutritional challenges.

It is for the above reasons that it is critically important for healthcare profession-
als who treat pregnant women to be well-versed in the latest information on proper
nutritional support for a broad spectrum of pregnancies. In Handbook of Nutrition and
Pregnancy, co-editors Carol J. Lammi-Keefe, PhD, RD, at Louisiana State University,
Sarah C. Couch, PhD, RD, at the University of Cincinnati, and Elliot H. Philipson, MD,
at Cleveland Clinic, have significantly simplified that process by assembling 23 superb
chapters on the latest, evidence-based approaches for managing the nutritional require-
ments of pregnant women in a variety of settings.

In addition to the expected sections (1 and 2) on nutritional requirements during nor-
mal and high risk pregnancy, section 3 is devoted to special diets, such a vegetarian and
vegan diets, and the potential risks/benefits of using selected nutrients and supplements
during pregnancy. Section 4 is devoted to special nutritional requirements during the
postpartum period, including the role of nutritional factors in post-partum depression,
the number one complication of pregnancy.

The last section (5) is devoted to special issues surrounding the developing world,
including the consequences of women transitioning from traditional diets to more west-
ern diets. This section also includes an important chapter on nutrition and maternal
survival in developing countries and discusses the latest science on the consequences of
iron and micronutrient deficiencies on birth outcomes in many regions of the world. The
final chapter deals with micronutrient status and pregnancy outcomes in HIV-infected
women, the fastest growing population of people infected by the AIDS virus.

xi



xii Foreword

A good start in life is important, and maternal nutritional status during pregnancy has
repeatedly been demonstrated to be associated with pregnancy outcomes for the infant.
This Handbook is designed to make that “good start on life” possible for more and more
children by giving doctors, nurses, dieticians, and other health care professionals the
tools they need to manage the range of pregnancies they are likely to encounter.

E. Albert Reece, MD, PhD, MBA

Vice President for Medical Affairs, University of Maryland
The John Z. and Akiko K. Bowers Distinguished Professor and
Dean, School of Medicine



Preface

Handbook of Nutrition and Pregnancy is written for the clinician and other healthcare
professionals who treat and counsel pregnant women and women of childbearing age.
Thus, physicians, physicians’ assistants, nurses, and dietitians, in particular, as well as
dietetic students and graduate and medical students, will find this book a useful resource.
In addition to the historical perspective and background to support recommendations
that are provided in each chapter, important for the practitioners, recommendations and
guidelines have been summarized and provided in tables that are easy to locate and inter-
pret. It is the intent of the editors that Handbook of Nutrition and Pregnancy serves as a
reliable resource that is shelved at arm’s reach by practitioners and researchers around
the world. By combining the historical and background information with the easy-to-
use practical information of a handbook, the volume is unique among the contemporary
books that deal with the topics of nutrition in pregnancy and outcomes both for the
mother as well as for the neonate.

At a time when the scientific community is looking to complete the weaving of the
threads between genes and function, and to determine to what extent prenatal and perina-
tal environmental factors are linked to childhood and adult obesity and chronic diseases
and metabolomics, Handbook of Nutrition and Pregnancy includes relevant chapters
that bring contemporary assessments of nutrition knowledge about these cutting-edge
areas and their relationships to the pregnant woman and women of childbearing age.
The overall objective is to take the most up-to-date information and to translate it into
clinically relevant practice recommendations.

A second major goal of this volume is to examine issues that are common to both
the developed and the developing worlds and to include chapters that are specific to
nutritional and reproductive factors seen mainly in developing countries. These chapters
discuss contemporary issues that affect both the woman and the developing infant. For
the developed world, contemporary topics for the woman experiencing a normal preg-
nancy include the Food and Nutrition Board of the National Academy of Science’s new
dietary reference intakes (DRIs), optimal weight gain, and physical activity/exercise.
Part 2 of this book, addressing nutrient needs related to high-risk pregnancies, includes
topics on nutrient needs of the pregnant woman who has undergone bariatric surgery,
multiple fetuses, eating disorders of women of childbearing age, diabetes, preeclampsia,
or HIV/AIDS. The positive and negative effects of specific nutrients and dietary factors
are covered in Part 3, including topics on popular diets; vegetarian diets; the need, effi-
cacy, and safety of dietary supplements; folate fortification; iron adequacy; and calcium,
vitamin D, and bone health. Part 4 addresses the postpartum period for the mother, with
topics on lactation success related to nutrient needs and physical exercise, as well as
nutrition and postpartum depression. For the developing world, implications of nutrition
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Xiv Preface

transition for the pregnant woman, nutrient adequacy and maternal survival, anemia,
and micronutrient status and pregnancy outcomes for HIV-infected women are topics
included. Naturally, some topics span both the developed and developing worlds. Our
aim has been to include current recommendations and policies, but where these have
not been definitively established, to offer guidelines that can be made with reasonable
assurances of safety and efficacy, based on current knowledge. For recommendations
and policies related to maternal nutrition that have been put in place in the last decade,
we review the data, where available, regarding efficacy for the recommendations and
policies, e.g., folic acid fortification of the food supply. Students especially will find
the coverage of gaps in knowledge useful, while researchers will turn to this volume for
information relating to application of the nutrition knowledge.

A third aim of the book, covered in several chapters, is a review of nutritional as
well as physiological factors that either increase or decrease the potential for high-risk
pregnancies, such as gestational diabetes mellitus, Types 1 and 2 diabetes mellitus,
preeclampsia, anemia, and so forth.

Required nutrients are provided primarily by the food we grow in our gardens, fish
from the sea or fresh water sources, the animals we tend, or the food we barter for or
purchase from markets or supermarkets. Additionally, in the developed world, the mar-
ket shelves and media ads are now becoming inundated with products and information
about nutrient supplements and functional foods/bioactive foods. What roles do and
should these products have in the diets of women of childbearing age? How do we go
about assessing the importance of these foods in a healthy pregnancy? What can we
recommend? The answers to some of these questions are found herein.

In conclusion, Handbook of Nutrition and Pregnancy is a comprehensive volume that
includes up-to-date information in 23 chapters written by the leaders in the fields of diet,
nutrients, ingredients, environmental factors, and physiological consequences, addressing
the needs of women of childbearing potential and pregnant women. The volume con-
tains information that permits the reader to answer confidently practical questions from
patients, family members, students and researchers, because the information represents
the totality of the data rather than findings of a single study. There is not another book
in the marketplace that duplicates the breadth of information found herein. Thus, this
volume can serve as the benchmark in this field.

Carol J. Lammi-Keefe
Sarah C. Couch
Elliot H. Philipson
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1 Nutrient Recommendations
and Dietary Guidelines

for Pregnant Women

Lorrene D. Ritchie and Janet C. King

Summary The requirements for selected nutrients increase appreciably during preg-
nancy. The recommended intakes for the following nutrients are >25% higher than are
the amounts recommended for nonpregnant women: protein, o-linolenic acid, iodine,
iron, zinc, folate, niacin, riboflavin, thiamin, and vitamin B,. The needs for protein, iron,
folate, and vitamin B, are about 50% higher. Good food sources of these nutrients are
grains, dark green or orange vegetables, and the meat, beans, and nuts groups. Additional
energy is also required to meet the needs for moving a heavier body, the rise in metabolic
rate, and tissue deposition. Approximately 340—450kcal are needed in the second and
third trimesters, respectively. Although these increased nutrient requirements are signifi-
cant, the same food pattern recommended for nonpregnant women can be recommended
to pregnant women because that food pattern meets pregnancy nutrient Recommended
Daily Allowances (RDAs) for all nutrients except iron and vitamin E. The shortfall in iron
and vitamin E can be provided by any vitamin—-mineral supplement supplying at least
10mg iron and 9mg vitamin E. Use of a common food pattern for women at all stages in
the reproductive cycle enables dietitians and other health care providers to teach pregnant
women the elements of a quality diet that will better ensure good health for a life time.

Keywords: Pregnancy, Nutrient requirements, Dietary guidelines, Food patterns, Nutrient
intakes, Diet counseling

1.1 INTRODUCTION

Nutrient needs typically increase more during pregnancy than during any other stage
in a woman’s adult life. Additional nutrients are required during gestation for develop-
ment of the fetus as well as for growth of maternal tissues that support fetal development.
The materials required for this rapid growth and development depend on supply from
the maternal diet. However, because of the differing roles nutrients play in tissue devel-
opment and growth as well as nutrient-specific changes in maternal homeostasis during
pregnancy, nutrient requirements do not increase uniformly. Changes in the efficiency

From: Nutrition and Health: Handbook of Nutrition and Pregnancy
Edited by: C.J. Lammi-Keefe, S.C. Couch, E.H. Philipson © Humana Press, Totowa, NJ
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of absorption from the gastrointestinal tract and excretion by the renal system, as well as
changes in maternal storage or tissue reserve, are examples of homeostatic mechanisms
that must be considered in establishing nutrient requirements during gestation. Because
the demand for some nutrients is great relative to others, care must be taken in selecting
the optimal diet during pregnancy.

The purpose of the first section of this chapter is to describe the Dietary Reference
Intakes (DRIs) for pregnancy, outline how they compare to the DRIs in the nonpregnant
state, and explain the physiological reasons for adjusting nutrient requirements during
pregnancy. Emphasis is on nutrients with relatively high increases in demand relative
to prepregnancy. This does not imply that other nutrients are not critical for a healthy
pregnancy outcome, but that if increased intake for nutrients with the largest relative
demand is achieved, and a mixed diet is consumed, then it is likely that the needs for
other nutrients will be met as well. In the subsequent section of the chapter, nutrient
requirements are translated into foods according to the most recent dietary guidelines.

1.2 NUTRIENT RECOMMENDATIONS FOR PREGNANCY

The DRIs, released from 1997 to 2005 by the Institute of Medicine of the National
Academies (IOM), differ from previous recommendations [1]. The recommenda-
tions continue to be based on scientifically valid experiments with emphasis on in
vivo studies in humans (rather than in vitro or animal experiments), reliable intake
data, and whenever possible, measurements of relevant biomarkers. In the most recent
recommendations, however, the role of nutrients in promoting and protecting health
is emphasized. Prevention of nutrient deficiencies was not the only criterion used.
Further, differences in the strength of the scientific evidence available for establish-
ing nutrient requirements were delineated. For nutrients with sufficient available evi-
dence, an RDA was established equivalent to the amount needed to meet the nutrient
requirements of nearly all (=97.5%) healthy individuals for a given gender and stage
of life. When insufficient evidence was available to formulate an RDA, an Adequate
Intake (AI) was provided. An Al is typically based on the amount that people normally
consume, and, because it involves more expert discretion, must be applied with greater
caution than does an RDA. Despite these differences, both RDAs and Als are refer-
ence values for normal, healthy individuals eating a typical mixed North American
diet. A given individual may have physiological, health, or lifestyle characteristics
that require tailoring of specific nutrient values.

Table 1.1 outlines the most recent DRIs for women 19-30 years old. The changes from
nonpregnancy differ slightly between younger and older women for several nutrients
(as noted in the table footnotes), but in general these differences are small and for the
majority of nutrients recommendations do not vary by maternal age.

During the first trimester of pregnancy, nutrient needs generally do not increase above
the nonpregnant state. Although the fetus is undergoing rapid developmental change early
in gestation, most of the nutrients for growth in maternal and fetal tissues are required later
in pregnancy. For this reason, the DRIs were generally based on needs during the last half
of pregnancy. To allow for optimal storage and accumulation of functional reserve in early
pregnancy, however, recommendations were not varied by trimester, with the exception of
dietary energy (see discussion below).
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8 Part I / Nutrient and Health Needs During Normal Pregnancy

For most nutrients, the criterion for the increase in the nutrient recommendation was
based on deposition in the fetus and maternal tissues (e.g., placenta, amniotic fluid,
breast tissue, fat storage), with adjustments made for changes in nutrient absorption,
urinary excretion, and/or storage during pregnancy, when these were relevant and well
characterized. For most nutrients, limited data were available to adjust the DRIs on
the basis of changes in maternal homeostasis. Surprisingly, nutrient balance studies or
supplementation trials during pregnancy have been conducted infrequently. When no
direct data were available for determining the additional daily requirement for a nutri-
ent during pregnancy, increased nutrient needs were extrapolated based on a median
weight gain of 16 kg reported for women with good pregnancy outcomes [2] and the
estimated nutrient need per unit of weight gain. In other cases, the median intake of
pregnant women from national diet surveys was used. A brief description of the needs
for select nutrients during pregnancy and the rationale for increased nutrient require-
ments follows. Focus was placed on those nutrients with relatively high increases in
requirements above the nonpregnant state.

1.2.1 Macronutrients

1.2.1.I ENERGY

Energy needs during pregnancy vary according to a woman’s basal metabolic rate,
prepregnancy weight, amount and composition of weight gain, stage of pregnancy,
and physical activity level. It is estimated that on average a pregnant woman requires
a total of 85,000 additional calories over the course of 40 weeks of pregnancy, which
extrapolates to approximately 300 extra calories per day [3]. For most women, however,
energy needs in the first trimester of pregnancy are minimal. While the first trimester is
characterized by rapid development of fetal organs and tissues, these processes are not
very energy intensive. Maternal basal metabolic rate, for example, does not measurably
increase until the fourth month of pregnancy when notable increases in growth of the
uterus, mammary glands, placenta and fetus, and increases in blood volume and the
work of the heart and respiratory system begin. As a woman’s weight increases, she also
requires more energy to accomplish the same amount of physical work such that even if
physical activity levels remain unchanged from prior to pregnancy, the energy costs of
these activities increase.

When the new DRIs for macronutrients were released in 2005 [4], a new approach
was used to estimate the energy requirements of pregnancy. Since total energy expendi-
ture (TEE) had been measured using doubly labeled water in several hundred pregnant
women, those data were used as the basis for the recommendation. The Estimated Energy
Requirement (EER) for pregnancy is derived, therefore, from the sum of the TEE in
nonpregnant women plus a median change in TEE of 8 kcal/week plus 180 kcal/day in the
second and third trimesters to account for the energy deposition in tissue gained. At 20
weeks’ gestation, the additional energy required totals 340 kcal/day; at 34 weeks gesta-
tion the additional energy need is 450kcal/day. Table 1.2 illustrates how energy needs
for pregnant women vary with body mass index (BMI) and physical activity level.

Because energy needs are influenced by a variety of factors, they can vary dramatically
between individuals. For this reason, monitoring weight gain during pregnancy is the best
way to ensure adequacy of energy intake [5]. The IOM [3] released recommendations for



Table 1.2

Estimated Energy Requirements (EER) for Women 30 Years of Age During Pregnancy.

(Adapted from [4])

Prepregnancy BMI Prepregnancy BMI
Height m (in) PAL of 18.5 kg/m? of 24.99 kg/m?
First trimester
1.50 (59) Sedentary 1,625 1,762
Low active 1,803 1,956
Active 2,025 2,198
Very active 2,291 2,489
1.65 (65) Sedentary 1,816 1,982
Low active 2,016 2,202
Active 2,267 2,477
Very active 2,567 2,807
1.80 (71) Sedentary 2,015 2,211
Low active 2,239 2,459
Active 2,519 2,769
Very active 2,855 3,141
Second trimester
1.50 (59) Sedentary 1,965 2,102
Low active 2,143 2,296
Active 2,365 2,538
Very active 2,631 2,829
1.65 (65) Sedentary 2,156 2,322
Low active 2,356 2,542
Active 2,607 2,817
Very active 2,907 3,147
1.80 (71) Sedentary 2,355 2,551
Low active 2,579 2,799
Active 2,859 3,109
Very active 3,195 3,481
Third trimester
1.50 (59) Sedentary 2,075 2,212
Low active 2,253 2,406
Active 2,475 2,648
Very active 2,741 2,939
1.65 (65) Sedentary 2,266 2,432
Low active 2,466 2,652
Active 2,717 2,927
Very active 3,017 3,257
1.80 (71) Sedentary 2,465 2,661
Low active 2,689 2,909
Active 2,969 3,219
Very active 3,305 3,591

For each year below 30, add 7 kcal/day; for each year above 30 subtract 7 kcal/day
PAL physical activity level
“Derived from the following regression equation based on doubly labeled water data:

EER =354 - 6.91 x age (years) + PA x (9.36 x wt [kg] + 726 x ht [m]),

where PA refers to coefficient for PAL
PAL = (total energy expenditure) / (basal energy expenditure)
PA =1if PAL > 1 < 1.4 (sedentary)

PA =1.12if PAL > 1.4 < 1.6 (low active)

PA = 1.27 if PAL > 1.6 < 1.9 (active)

PA =1.45if PAL 2 1.9 < 2.5 (very active)
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weight gain during pregnancy based on prepregnancy weight status. For women clas-
sified as being within a normal weight range prior to pregnancy (BMI 19.8-26kg/m?),
the recommended weight gainis 11.3—-15.9kg (25-351bs.), and the recommended rate
of weight gain is 0.9-1.8kg (2—41bs.) in the first trimester and about 0.5kg (11b.)/week
thereafter. A slightly higher total gain of 12.7-18.1 kg (28-401bs.) is recommended
for underweight women (BMI<19.8). A slightly lower total gain of 6.8—11.3kg (15—
251bs.) and at least 6.8 kg (151bs.) is recommended for women who, prior to pregnancy,
are overweight (BMI>26-29) and obese (BMI>29), respectively. Even among obese
women, inadequate weight gain during pregnancy can lead to increased risk of preterm
delivery [6].

The additional energy requirements of pregnancy are small relative to the needs
for many other nutrients. While an extra 340-450kcal could be consumed by simply
adding a glass of 2% milk and a small sandwich, this would not meet increased nutri-
ent needs for pregnancy. The fact that the relative increase for many other nutrients is
more dramatic than for energy indicates the importance of emphasizing nutrient-dense
foods during pregnancy. Following the dictum of “eating for two” may result in exces-
sive maternal weight gain. Further, for obese women, sedentary women, and women
whose activity levels decline during pregnancy (e.g., bed rest) the recommendations
of 340-450kcal/day may be too high. On the other hand, underweight women, young
adolescent mothers who are still growing (<14 years), and women carrying multiple
fetuses may need 500kcal/day or more [7].

The goal is to avoid both ends of the spectrum, both excessive energy intake as well
as inadequate energy intake. Overnutrition and excess weight gain in pregnancy impart
risk of gestational diabetes, macrosomia, delivery complications such as shoulder dys-
tocia, cesarean delivery and post operative problems, difficulty initiating breastfeeding,
and risk of subsequent maternal and child obesity [8§—10]. Conversely, undernutrition
and inadequate weight gain during pregnancy can lead to impaired intrauterine growth
and consequent low birth weight of the newborn. In addition to complications at birth,
intrauterine growth retardation has been associated with metabolic abnormalities in adult-
hood, such as hyperlipidemia, hypertension, cardiovascular disease, glucose intolerance,
and type 2 diabetes [10, 11].

1.2.1.2 PROTEIN

During pregnancy, additional dietary protein is used for fetal growth, placental devel-
opment, production of amniotic fluid, increased maternal blood volume, and gain of
other maternal tissues. Increases in protein needs mirror maternal and fetal growth rates;
early in pregnancy, the requirements for extra protein are relatively small, but increase
progressively as pregnancy proceeds. Approximately 82% of the total demand for the
925 g of protein required for maternal and fetal needs is accumulated over the last half of
gestation [12]. Inadequate maternal protein intake incurs risk of low birth weight.

A factorial approach was used to calculate the protein DRI during pregnancy. The
summation of the additional lean tissue accumulated in pregnancy and the additional
protein required to maintain an increased body weight were estimated as outlined in
Table 1.3. By the second half of pregnancy, this translates into a 25-g/day increased
requirement for a total of approximately 70-75 g/day (or 1.1 g protein per kg of body
weight per day) [4].
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The relative increased need above nonpregnancy is greater for protein (54% increase)
than for any other nutrient. However, because protein intakes tend to be high relative
to needs in the nonpregnancy state, averaging approximately 60 g/day for nonpregnant
women [4], inadequate protein intake is not common in the United States, even among
pregnant women. However, vegans and women carrying multiple fetuses may need to
pay close attention to their protein intakes.

1.2.2  Water-Soluble Vitamins

Requirements for most water-soluble vitamins increase during pregnancy. Folate and
vitamin B, will be emphasized in the following discussion because increases in demand
associated with pregnancy are relatively high (50% for folate, 46% for vitamin B,), and
average intakes of these water-soluble vitamins relative to requirements are generally
lower than for other water-soluble vitamins.

1.2.2.1 FOLATE

Folate is involved in single-carbon transfer reactions, notably important for the
synthesis of nucleic acids and certain amino acids for new cell and tissue production.
Erythrocyte folate is considered the best marker of long-term folate status in pregnancy;
serum folate can also be used but reflects more recent changes in dietary intake. With
inadequate folate intake, serum and erythrocyte folate concentrations decline, and meg-
aloblastic anemia can develop. Impaired folate status during pregnancy may be involved
with adverse outcomes such as pregnancy complications, spontaneous abortion, preterm
delivery, and low birth weight [14]. Results from supplementation trials suggest that an
additional 200mcg of dietary folate equivalent® is required to maintain optimal folate
status during pregnancy [15].

Neural tube defects (NTDs), a group of heterogeneous malformations involving neural
tissue in the brain and/or spinal cord, occur in less than 1 per 1,000 births in the United
States [16]. The etiology of NTDs is an ongoing area of research; however, inadequate
maternal folate status prior to and in the first few weeks after conception appears to play
a role in at least some cases of neural tube defects. According to 1999-2000 National
Health and Nutrition Examination Survey (NHANES) data, the average folate intake
of 20- to 39-year-old women in the United States is 327 mcg/day [17]. Results from
supplementation studies suggest that women capable of becoming pregnant should con-
sume an additional 400 mcg/day of folic acid from supplements and/or fortified foods
in addition to consuming food folate from a varied diet.**

It is recommended that women consume 400 mcg/day of synthetic folate at least 1
month prior to conception to optimize folate status at the time of neural tube closure
[5]. Based on evidence from randomized controlled trials, it has been estimated that
this level of folate supplementation could prevent up to half of NTD cases [18]. A 19%

*Dietary folate equivalents are used to account for the differences in bioavailability between
food folate (=50% bioavailable) and folic acid used in supplements and food fortification (~85%
available)[15].

**Available evidence suggests that synthetic folic acid (found in supplements and fortified
foods) is more effective at preventing neural tube defects than is food folate [15].
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reduction in NTD prevalence occurred after the mandatory fortification with folate of
enriched breads, cereals, flours, and other grain products in 1998 [16]. It should be
noted that the additional 400 mcg/day folic acid supplementation is not included in the
recommendations for pregnant women because by the time a woman is normally aware
that she is pregnant, the window of opportunity for the effective prevention by folate
of NTD (due to the embryological timing of the initial development and closure of the
neural tube) has passed.

1.2.2.2 VITAMIN B p

Vitamin B, in the form of pyridoxal phosphate, is a coenzyme involved in over 100
metabolic reactions, most of which involve amino acid and protein metabolism. Dur-
ing pregnancy, vitamin B, plays important roles in the synthesis of nonessential amino
acids, heme, erythrocytes, immune proteins, and hormones. In observational studies,
vitamin B, has been positively associated with improved pregnancy outcomes such as
reduced incidence of preeclampsia and higher Apgar scores and neonatal behavior [3].
Results from randomized, controlled supplementation trials suggest limited clinical ben-
efit of vitamin B, supplementation [19]. However, few such trials have been done and
few pregnancy outcomes have been investigated.

Maternal and fetal accumulation during pregnancy totals approximately 25 mg, which
translates into an increase in the daily requirement of about 0.25 mg after accounting
for an average 75% bioavailability of food B, and allowing for increased weight of the
mother [15]. Because the needs for vitamin B, predominate in the last half of pregnancy
and because vitamin B is not stored in the body to any appreciable extent, increased
intake in early pregnancy is not likely to be adequate to meet needs later in pregnancy.
Therefore, the DRI was set at an additional 0.6 mg/day [15].

1.2.3 Minerals
1.2.3.1 IODINE

Iodine needs increase during pregnancy for the synthesis of thyroid hormones. Mater-
nal iodine deficiency during pregnancy can result in the enlargement of a woman’s
thyroid gland, development of goiter, and hypothyroidism. Maternal hypothyroidism
increases the risk of a variety of poor fetal outcomes including stillbirth, spontaneous
abortion, congenital anomalies, mental retardation, deafness, spastic dysplegia, and cre-
tinism [3]. To avoid risk of harm to the fetus, maternal iodine deficiency should be cor-
rected prior to conception.

During gestation, fetal iodine deposition is approximately 75 mcg/day. Results from
iodine balance studies as well as iodine supplementation trials to prevent thyroid enlarge-
ment and goiter during pregnancy corroborate that an additional 70 mcg/day is required
to cover the pregnancy needs of 97-98% of the population during pregnancy [20].

1.2.3.2 IRON

If iron is not readily available from the diet, then iron from maternal liver stores is
mobilized. Thus, the production of fetal hemoglobin is usually adequate even if the
mother is severely iron deficient, and anemia in the newborn due to iron deficiency is
relatively rare. However, maternal iron deficiency is relatively common, and anemia is
the most common nutrition-related complication of pregnancy. Although the prevalence of
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anemia in pregnancy is difficult to quantify, it has been estimated that 2—4% of pregnant
women in the United States suffer from anemia [21]. In the majority of cases (=90%),
it is due to a deficiency of dietary iron. Maternal iron deficiency increases the risk of
premature delivery and consequent low birth weight and may reduce a mother’s risk of
tolerating hemorrhage during delivery and postpartum iron deficiency [22].

The total requirement for iron during pregnancy is approximately 1,070 mg, most of
which is accumulated over the last half of pregnancy [20, 23]. A large part of iron needs
(=500 mg) are used by the bone marrow for blood hemoglobin synthesis [9]. Red blood
cell mass increases by approximately 33%, and blood volume increases by about 50%
over the course of a healthy pregnancy [24]. An augmented blood supply is required
for extra blood flow to the uterus and placenta, the extra metabolic needs of the grow-
ing fetus, and increased perfusion of other maternal organs, especially the kidneys for
removal of the additional generation of metabolic waste products during pregnancy.
Fetal iron storage also occurs, primarily during the last trimester. It has been estimated
that 250-300 mg are accumulated in fetal and placental tissues [9].

Although the efficiency of absorption of dietary iron may increase during preg-
nancy,*** the daily increased requirement of 9 mg/day is not easy to achieve by diet alone.
Further, women rarely enter pregnancy with optimal iron stores [9]. The 50% increase in
the iron requirement during pregnancy compared to prior to conception is larger than for
any other nutrient except protein. However, while average intakes of pregnant women
are generally sufficient to meet pregnancy needs for protein, dietary intakes of iron tend
to be low relative to requirements. The average intake of women in the United States is
approximately 13 mg/day [17], below the nonpregnant DRI of 18 mg/day. The typical
US diet contains about 6 mg iron per 1,000 calories. A pregnant woman consuming an
additional 400 kcal/day is therefore likely to consume only 2.5 mg/day additional iron,
less than a third of the 9 mg/day increase recommended.

Because of the inherent difficulties in meeting the DRI for iron in pregnancy, the Cent-
ers for Disease Control and Prevention recommends an iron supplement of 30 mg/day for
all pregnant women, beginning at the first prenatal visit [25]. When hemoglobin levels
are low, a 60—-120 mg/day iron supplement may be prescribed. Because large amounts of
iron can interfere with the absorption of other trace minerals important during pregnancy,
pregnant women taking over 30 mg/day of iron should also take 15 mg of supplemental
zinc and 2 mg of supplemental copper [20].

1.2.3.3 ZINC

Zinc is another nutrient with a large (38%) increase in demand during pregnancy
relative to the nonpregnancy state. Zinc is involved in the synthesis of deoxyribonu-
cleic acid, ribonucleic acid, and ribosomes and is therefore required for gene expres-
sion, cell differentiation, and cell replication. In rare cases of maternal zinc deficiency
due to acrodermititis enteropathica, a genetic inability to absorb dietary zinc properly,
increased risk of congenital malformations in the newborn occurs [26]. Supplementation
trials involving populations with habitually low zinc intakes suggest that increased
zinc is also important for preventing premature delivery and promoting proper neuro-
logical development in the fetus [20].

*** Absorption of non-heme iron increases; the efficiency of heme iron, which is normally
very high, does not notably increase during pregnancy.
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The total requirement for zinc has been estimated as 100 mg for synthesis of maternal
and fetal tissues, most of which is accumulated during the last half of pregnancy [27]. The
efficiency of absorption of zinc during pregnancy does not appear to change sufficiently
to meet zinc needs in the absence of an increased dietary intake [28]. The increased
recommendation for zinc of 3 mg/day in pregnancy is based on the accumulation of fetal
and maternal zinc of 0.73 mg/day during the last quarter of pregnancy, accounting for
a 27% efficiency of absorption [20].

1.2.4 Nutrients without Increased Requirements during Pregnancy

The fact that requirements for some nutrients do not increase during pregnancy does
not imply that these nutrients are not critical to maternal and fetal health. Calcium is
a case in point. The needs of the fetus for calcium are substantial, averaging 300 mg/
day. However, due to homeostatic adjustments, the dietary requirements for calcium do
not change during pregnancy. An integrated system of hormones, namely parathyroid
hormone and 1,25-dihydroxyvitamin D, regulate intestinal absorption, urinary excre-
tion, and bone flux of calcium. During pregnancy, the efficiency of calcium absorption
increases by nearly 50%, such that fetal needs appear to be met without increasing cal-
cium intake or net losses of maternal bone mineral [11, 29].

Even though the DRI for calcium does not increase during pregnancy, it should be
noted that many women fail to meet calcium requirements. According to data from the
19992000 NHANES, the average calcium intake of women of childbearing age is
797 mg/day, far below recommended levels [ 16]. Phosphorus absorption is also increased
in pregnancy by changes in calcitropic hormone concentrations. Therefore, as with
calcium, the DRI in pregnancy for phosphorus remains the same as for nonpregnant
women [30].

For some of the other nutrients, the available evidence is generally not sufficient to
warrant recommending an increased intake during pregnancy (e.g., biotin, vitamin K,
vitamin E, chloride, fluoride). For yet other nutrients, the intake of nonpregnant women
already appears ample to meet the small increased demands during gestation (e.g.,
sodium, potassium, vitamin D) [15, 20, 30-32].

1.3 DIETARY GUIDELINES

The Dietary Guidelines for Americans translates scientific information on nutrient
requirements and dietary characteristics that promote good health into recommendations
and advice for the food intake by the general public. Thus, the Dietary Guidelines is the
backbone of nutrition education efforts throughout the country. They also reflect nutri-
tion policy in the United States because it provides the basis for the all federal food and
nutrition programs, i.e., food stamps; Women, Infants, and Children (WIC); school meal
programs; and emergency feeding efforts.

The first edition of the Dietary Guidelines was released in 1980, and then it has been
revised every 5 years. The sixth, and latest, edition was released in 2005 [33]. The first
five editions of the Guidelines consisted of 7 or 10 statements providing guidance on
how to adopt a pattern of eating that supports good health. The statements were remark-
ably consistent from one edition to the next [34]. Common themes in all five editions
included eating a variety of foods, maintaining body weight, and limiting dietary fat,
sugar, sodium, and alcohol intakes. A recommendation to eat foods with adequate starch



16 Part I / Nutrient and Health Needs During Normal Pregnancy

and fiber in the first two editions evolved into recommendations to choose a diet with
plenty of fruits, vegetables, and grains in 1990 and thereafter.

A very different approach was taken by the 2005 Dietary Guidelines Advisory Com-
mittee [35]. Specifically, the Committee was charged with conducting an evidence-based
review of the scientific literature on diet and health rather than writing a more general
document. To address that charge, the Committee initially posed over 40 specific ques-
tions related to dietary guidance, thoroughly reviewed the scientific literature pertaining
to those questions, and deliberated on the results. Some of the questions were dropped
because of incomplete or inconclusive data. Consequently, the Committee wrote con-
clusive statements and a comprehensive rationale supporting those statements for 34 of
the original questions. After some minor revisions and modifications, the 2005 Dietary
Guidelines for Americans was drafted from the conclusions put forth by the Advisory
Committee. The 2005 Dietary Guidelines included 23 key recommendations and 18 rec-
ommendations for specific population groups, for a total of 41 recommendations [33].

These 41 recommendations are intended to be the primary source of dietary informa-
tion for policymakers, nutrition educators, and health providers in the United States.
However, it is impossible for the public to assimilate and apply so many different recom-
mendations to their own food choices. Therefore, additional documents were developed
specifically for the public. One is a bulletin entitled, “Finding your way to a healthier
you,” written jointly by the Departments of Agriculture and Health and Human Services.
The bulletin synthesizes the 41 recommendations from the “policy document” into three
primary messages:

e Make smart choices from every food group.
e Find your balance between food and physical activity.
¢ Get the most nutrition out of your calories.

The bulletin emphasizes the kinds of foods, appropriate amounts, and how often to
eat certain foods or food groups. A basic underlying premise of the Dietary Guidelines
is that nutrient requirements should be met primarily from foods, and that this is best
accomplished by choosing a diverse, nutrient-dense diet within one’s dietary energy
needs. Support for this premise is provided by the research of Foote and colleagues who
found that the diets of American adults who met the current DRIs selected a variety
of foods daily from each of the five food groups (grains, fruits, vegetables, dairy, and
meat/protein) [36].

1.4 DEVELOPMENT OF A FOOD PATTERN MEETING NUTRIENT
RECOMMENDATIONS

The key recommendations in the 2005 Dietary Guidelines regarding nutrient ade-
quacy emphasize the importance of consuming a variety of nutrient-dense foods and
beverages within and among the five basic food groups. The 2005 Dietary Guidelines
Advisory Committee recognized, however, that the general public would benefit from
guidance on specific food patterns that meet the DRIs. The Dietary Guidelines’ key
recommendations emphasize the types of foods to select, but lack the specificity needed
by an individual to make selections that meet his/her requirements within dietary energy
needs. Thus, the Advisory Committee collaborated with staff from the US Department
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of Agriculture’s (USDA’s) Center for Nutrition Policy and Promotion (CNPP) on their
update of the food pattern from the original Food Guide Pyramid to meet the nutrient
recommendations from the Institute of Medicine Dietary Reference Intake reports [30,
37—41]. This new food pattern is the basis for the revised USDA Food Guidance System,
MyPyramid [42].

The method for developing the food pattern, based on the model used to develop the
Food Guide Pyramid, involves a five-step process.

1. Establish energy levels. Appropriate energy levels for various population groups based
on age, gender, and activity level were established using IOM’s EER equations [4].
Based on these results, modifications of the food pattern were developed for caloric
levels from 1,000 to 3,200 kcal/day in 200-calorie increments.

2. Establish nutrition goals for the food pattern. Nutrient goals were the RDAs for vita-
mins, minerals, electrolytes, and macronutrients published by the IOM between 1997
and 2004 [4-9].

3. Assign nutrient goals to each specific energy level. The nutrition goals assigned to each
energy level were the goals for age/gender groups that most closely matched the specific
energy level. For example, the 1,800kcal/day level included the goals of females aged
31-50 years, males/females aged 9—13 years, and females aged 14—18 years.

4. Assign nutrient values for each food group and subgroup. The nutrient values assigned
to each food group (i.e., fruits, milk, meat and beans, whole grains, enriched grains, dark
green vegetables, orange vegetables, legumes, starchy vegetables, and other vegetables)
were weighted averages of the nutritional value of foods consumed by Americans within
that group based on results of the nationwide food consumption surveys (i.e., the National
Health and Nutrition Examination Survey 1999-2000). For example, broccoli makes up
44% of the dark green vegetables consumed, spinach is 21%, and the remaining 35% is
composed of other dark green vegetables [43]. Therefore, the nutritional values assigned
to dark green vegetables were based on 0.44 for broccoli, 0.21 for spinach, and 0.35
for others. Nutrient values for each group were a weighted average of nutrient-dense
forms—Ilow-fat and no-added-sugar forms—of the various foods in each group. An
exception is that fat-free milk was the single food item used for the milk group.

5. Determine the daily intake amounts for each food group or subgroup. Starting from the
original Pyramid food pattern at three calorie levels, the amounts of each food group or
subgroup were increased or decreased in an iterative manner until the pattern for each
of the twelve energy levels met its nutrition goals or came within a reasonable range.

There are advantages and disadvantages to this approach for developing food patterns
that meet the RDAs for all Americans. The fact that it builds on the model used for the
previous Pyramid provides continuity in food guidance over time. Also, it integrates
the entire gamut of IOM recommendations into a lone food intake pattern. Limitations
include basing the nutrient profile for each food group on the food consumption pat-
terns of Americans within that group. Americans may not choose foods rich in certain
nutrients within that group. For example, Americans eat very few nuts relative to other
choices in the meat, poultry, fish, dry beans, eggs, and nuts group. Consequently, the
vitamin E content of that food group tends to be low. Thus, the intake pattern, like typi-
cal American diets, is low in vitamin E, and it is difficult for most individuals to meet the
vitamin E DRI. In the future, separation of this diverse food group into animal and plant
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sources may improve the capacity to meet the DRI for vitamin E as well as for other
nutrients, such as potassium. However, the complexity of the food pattern increases with
each subgroup added to the pattern. For example, vegetables were broken down into
“dark green,” “orange,” “legumes,” “starchy,” and “other”; grains were subdivided into
“whole” and “enriched.” This was done in recognition of their different nutrient contents
and to encourage increased consumption of some subgroups to meet the Als for several
nutrients. Finally, only the lowest fat forms of milk products (i.e., fat-free milk) and lean
meats are used in the patterns. If higher fat forms are consumed, that energy needs to
be considered to assure that the total intake of energy and saturated fat does not exceed
the recommendations. It is important to remember that foods with added sugar will also
contribute to the total energy intake.

99 ¢

1.5 RECOMMENDED FOOD PATTERNS FOR PREGNANCY

Specific food patterns are available for pregnant women at the MyPyramid.gov website.
The woman is asked to specify her age, due date, height, weight, and physical activity
level. She will then receive a menu plan for the first, second, and third trimesters. The
amounts of food increase slightly with advancing pregnancy to meet increased energy
and nutrient needs in late gestation. We compared the nutrients provided in each of the
food intake patterns between 2,000 and 3,000 kcal/d for non-pregnant women to the rec-
ommended nutrient intakes for pregnancy and found that the amount of macronutrients,
vitamins, and minerals in the patterns for non-pregnant women meet pregnancy standards
except for three nutrients—iron, vitamin E, and, to a lesser extent, potassium (Table 1.4).
Thus, one could continue to base dietary guidance for pregnant women on the MyPyramid
food patterns recommended for non-pregnant women. As mentioned above, the iron DRI
during pregnancy, 27 mg/day, is higher than the amount that can be met from foods. At the
first prenatal visit, all women are advised, therefore, to take a 30 mg iron supplement daily
[44]. The food patterns only provide about 60-80% of the pregnancy vitamin E recom-
mendation. The patterns are also insufficient in vitamin E for nonpregnant adults, provid-
ing only 50-70% of the requirement. The Dietary Guidelines Advisory Committee found
that it was very difficult to develop food patterns meeting the vitamin E RDAs that also
remained within the guidelines for dietary fat since vegetable oils are a primary source of
vitamin E. Nuts are also a good source of vitamin E, and the Committee considered mak-
ing nuts a subgroup of the meat group in order to emphasize their importance in the diet.
But, since evidence of health problems among Americans due to insufficient intakes of
vitamin E was lacking, the Committee decided to allow the vitamin E intakes to fall short
of the RDAs. The vitamin E DRI can be met, however, by selecting vitamin E fortified
ready-to-eat cereals, almonds, sunflower seeds, avocados, and certain oils (i.e., sunflower
and cottonseed). Potassium intakes in the 2,000-, 2,200-, and 2,400-kcal patterns range
from 85 to 95%, the pregnancy DRI. This potassium intake is likely within an acceptable
range, but the amount in the diet can be enhanced by increasing milk, white potato, tomato,
or orange juice intakes.

The amounts of protein, carbohydrate, fat, and types of fat in the six food patterns
are shown in Table 1.5. The percent of energy as protein is about 18%, as carbohydrate
about 55%, and as fat about 27%. Saturated fat makes up about 7.4% of the energy,
monounsaturated fat about 10%, and polyunsaturated fat about 8%. The recommended
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Table 1.5
Amounts of Protein, Carbohydrate, Total Fat, and Types of Fat in the Six Food Patterns for
Pregnant Women [35]

Calorie levels 2,000 2,200 2,400 2,600 2,800 3,000
Protein (% kcal) 19 19 18 18 17 16
Carbohydrate (% kcal) 56 56 57 57 58 58
Fat (% kcal) 27 28 27 27 27 28
Saturated fat (% kcal) 7.4 7.4 7.4 7.3 7.1 7.4
Monounsaturated fat (% kcal) 10 10 10 10 10 10
Polyunsaturated fat (% kcal) 8 8 8 8 8 9
Linoleic acid

(2) 16.2 18.2 19.4 21.2 22.6 25.9

(% kcal) 7.3 7.4 7.2 7.4 7.3 7.8
a-Linolenic acid

(2) 1.6 1.8 1.9 2.1 2.2 2.5

(% kcal) 0.7 0.7 0.7 0.7 0.7 0.8

Al for linoleic acid is 13 g/day during pregnancy and the Al for o-linolenic acid is 1.4 g/day
[4]. All six of these food patterns exceed the Al for the polyunsaturated fatty acids, with
the linoleic acid intakes ranging from 125 to 199% of the Al, and the a-linolenic acid
intakes ranging from 114 to 179%.

The six specific food patterns that can be recommended for individual pregnant
women are shown in Table 1.6. The energy levels of the food patterns range from 2,000
to 3,000kcal/day in 200-kcal increments. This range of energy intakes should cover
the energy needs of most pregnant women with BMIs between 18.5 and 25 who have
sedentary, moderate, or active lifestyles (see Table 1.2). The 2,200-kcal pattern would
be appropriate for a sedentary woman weighing about 60kg and 15.5m tall. That pat-
tern includes 2 cups of fruits, 3 cups of vegetables, 200-g (7 oz) equivalents of grains
with at least half as whole grains, 171-g (6 oz) equivalents of meat or beans, 3 cups of
milk, and 27 g (or about 75 ml) of oils. It is important to remember that the nutrient and
energy contributions from each food group are calculated using the most nutrient-dense
forms (e.g., lean meats and fat-free milk). Selection of foods with higher fat content will
increase the intakes of energy and saturated fat. A small allowance for selecting some
foods higher in fat and/or with added sugars is included at each calorie level. Examples
of these are a choice of 2% milk, 80% lean ground beef, or cereal with added sugars.
In Table 1.6, this allowance is noted as the “discretionary calorie allowance.” Selection
of foods or beverages with added sugars and with more fat forms should be limited to
this allowance.

The standard of care for pregnant women generally involves recommending a prenatal
vitamin-mineral supplement. The nutrient analysis of these food patterns shows that there
is only a short-fall between the DRIs and nutrient levels in the food patterns for two
nutrients—iron and vitamin E. Although a 30 mg/day iron supplement is recommended
for all pregnant women, a multivitamin—mineral supplement that provides at least 10 mg
iron daily is probably sufficient for women who are adhering to these dietary patterns.
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Also, a supplement providing at least 9 mg of vitamin E will bring the total intake up to
the DRI recommendation for pregnancy. When prenatal vitamin—mineral supplements
are given, it should be emphasized that those supplements do not replace a healthy diet
composed of a variety of nutrient-dense foods because an array of other compounds,
such as phytochemicals and antioxidants that may benefit health, are present in foods.

1.6 LIFE-CYCLE APPROACH TO NUTRITION

Good nutrition begins before conception. A woman’s nutritional status at conception
can have positive or negative impacts on her pregnancy outcome. For example, inadequate
folic acid intake before pregnancy increases the risk of NTDs [45]. Also, iron insuffi-
ciency at conception increases the risk for developing anemia during late pregnancy, when
the iron demands are high. As previously mentioned, maternal iron deficiency increases
preterm births and coincident low birth weights as well as the mother’s ability to tolerate
hemorrhage during delivery [22]. Entering pregnancy with excessive amounts of body
fat stores also increases the risk for metabolic complications during pregnancy such as
glucose intolerance or preeclampsia [46]. Implementing a healthy food pattern prior to
conception may reduce the prevalence of these complications during pregnancy.

This analysis of the food patterns recommended for nonpregnant women of reproduc-
tive age in the United States shows that the same general food patterns can be followed
throughout pregnancy, and that the recommended intake of all but two nutrients (iron and
vitamin E) will be met. The only change necessary in the second or third trimester is to
increase total energy intake by about 200 or 400 kcal to cover the additional energy needed
for tissue energy deposition and the metabolic costs of pregnancy. Thus, the food pattern
for nonpregnant women only needs minor adjustments for pregnancy. This continuity
makes it easier to provide guidance to women planning pregnancies. Furthermore, the
general food pattern for pregnant women is appropriate for all family members as well
as the mother after pregnancy. This means that dietary counseling provided to pregnant
women is a great opportunity to promote good nutrition for everyone in the household.
Pregnant women generally tend to have a heightened interest in food and nutrition mak-
ing this period a very “teachable” time. Teaching a couple of concepts to the pregnant
women should enable her to modify the food pattern for all family members. Those
concepts are (1) choose diverse, nutrient-dense foods within and among the five food
groups every day; (2) make fruits and vegetables part of every meal or snack, and (3)
make at least half of grains consumed whole grains.

Surveys show that about only about 3—4% of all Americans follow all of the Dietary
Guidelines[35]. Although information about the principal sources of foods contributing to
the nutrient intakes of pregnant women is scarce, one prospective study showed that low
nutrient-dense foods were the major contributors of energy, fat, and carbohydrate whereas
fortified foods were the primary sources of iron, folate, and vitamin C [47]. This study
was done in a population of black and white women living in North Carolina; over 50%
of the women were <185% of the poverty level. Biscuits, muffins, French fries, whole
milk, white bread, and soft drinks were the top five food sources of energy. Mayonnaise
and salad dressings, cheese and cheese spreads, along with whole milk, French fries, and
biscuits/muffins were the top five sources of fat. Whole milk, hamburgers, cheese and
cheese spreads, beef steak and roasts, and fried chicken were the top protein sources.
Soft drinks and fruit juices were the major sources of carbohydrates. These data suggest
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that the diets were not only high in total fat, but also high in saturated fat as illustrated
by the frequent consumption of high-fat animal products. Soft drinks were often used
in place of more nutrient-dense foods or beverages. These food patterns are similar to
those reported for African-American adults [48], suggesting that lower income women
do not change their food habits appreciably during pregnancy. This population could
benefit from prenatal dietary guidance that emphasizes the importance of modifying the
food pattern for the entire household.

The 2005 Dietary Guidelines makes two specific recommendations for women of
reproductive age [33]. The first focuses on the high prevalence of iron deficiency in
this population. About 9-11% of adolescent girls and women of childbearing age have
laboratory evidence of iron depletion [49]. Consequently, it was recommended that
women of childbearing age who may become pregnant should eat foods high in heme
iron and/or consume iron-rich plant foods or iron-fortified foods, with an enhancer of
iron absorption, such as vitamin C-rich foods. The second recommendation focused on
reducing the risk of NTDs. Specifically, women of childbearing age who may become
pregnant or those in the first trimester of pregnancy should consume adequate synthetic
folic acid daily (from fortified foods or supplements) in addition to food forms of folate
from a varied diet. The new folic acid fortification program may influence the need for
obtaining folic acid from supplements. However, until further data are available con-
firming this trend, it seemed prudent to continue to recommend folic acid supplements
for women of reproductive age.
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2 Optimal Weight Gain

Grace A. Falciglia and Kristin H. Coppage

Summary Optimal birth weight and outcome are influenced by maternal weight gain.
Low gestational weight gain is associated with poor fetal growth and risk of preterm
delivery. Excessive weight gain affects infant growth, body fatness in childhood, and
the potential for postpartum weight retention and future obesity. Guidelines from the
Institute of Medicine recommend that a woman with a normal body mass index (BMI)
of 19.8 to 26 should gain 11.5-16kg (25 to 351b). Women with a lower-than-normal
BMI should gain slightly more, and those with a BMI greater than 26 should gain 5.9—
11.5kg (13 to 251b). Ideally, weight gain recommendations should be individualized
to promote the best outcomes while reducing risk for excessive postpartum weight
retention and reducing the risk of later chronic disease for the child and adult.

Keywords: Gestational weight gain, Energy cost of pregnancy, Body mass index
(BMI), Postpartum weight retention, Fetal growth

2.1 INTRODUCTION

Optimal weight gain in pregnancy has distinct implications for both the mother and
fetus. It is associated with a favorable outcome for the mother in terms of maternal
mortality, complications of pregnancy, labor and delivery, postpartum weight retention,
and the ability to lactate. For the newborn, it is defined in terms of fetal growth (birth
weight, length, head circumference), gestational age, mortality and morbidity [1, 4].
In considering the relationship between gestational weight gain and pregnancy outcome,
attention has centered on birth weight [1, 4]. One reason for this is that birth weight
is always recorded and thus is the pregnancy outcome most frequently examined in
epidemiological studies. A more fundamental reason for the emphasis on birth weight
is its widely recognized association with infant mortality and morbidity. Therefore,
optimal gestational weight gain represents a balance between the benefits of appro-
priate birth weight (>2.5kg) on the one hand and the possible risks to the mother and
infant, including complicated labor and delivery with increased birth weight (>4 kg)
and metabolic complications including insulin resistance, on the other.

Factors associated with gestational weight gain include maternal prepregnancy weight
for height, ethnic background, age, parity, cigarette smoking, socioeconomic status, and
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energy intake [1,4]. Accordingly, gestational weight gain should be individualized rather
than generalized due to the differences in body size and lifestyles, e.g., underweight
pregnant women have different weight gain needs than do overweight and obese women.
Superimposed on this is high variability in activity patterns and energy intake.

The components of weight gain include the products of conception and maternal tissue
accretion. The products of conception comprise the fetus, placenta, and amniotic fluid. The
fetus represents 25% of the total gain, the placenta approximately 5%, and the amniotic
fluid approximately 6% [5]. Expansion of maternal tissues accounts for approximately two
thirds of the total gain. The expansion includes maternal blood volume and extracellular
fluid along with an increase in uterine and mammary tissues, and fat stores. Expansion of
the blood volume and extracellular fluid accounts for 10 and 13% of the total weight gain,
respectively [5]. Fat and protein accretion accounts for the remainder.

In terms of the composition of the weight gain, Hytten and colleagues [5] estimated
that on average, water contributes approximately 62% of the total gain at term, fat
contributes 30%, and protein contributes 8%. Most of the total fat gain is deposited in
maternal stores. Protein is deposited predominantly in the fetus, but also in the uterus,
blood, placenta, and breasts.

2.2 GESTATIONAL WEIGHT GAIN RECOMMENDATIONS

Although the need for appropriate weight gain during pregnancy has long been
recognized, recommendations for weight gain have changed over the years as new data
have become available. The changes in recommended ranges for gestational weight
gain are summarized in Table 2.1.

Prior to 1970, it was standard obstetric practice to restrict gestational weight gain to
between 18 and 201b (8-9kg) [2]. Overeating was believed to cause large babies and,
as a consequence, more difficult deliveries.

In 1970, the Food and Nutrition Board’s Committee on Maternal Nutrition [6]
recommended a higher gestational weight gain, 20-251b (9-11.5kg). The increase was
based on new evidence that low weight gain was related to increased risk of delivering
low-birth-weight infants, with those infants at increased risk of mortality and develop-
mental problems. This recommendation was followed by heightened interest in helping
pregnant women achieve appropriate weight gain and nutrient intake. For example, the US
Department of Agriculture (USDA) established the Special Supplemental Food Program
for Women, Infants, and Children (WIC) to provide both food and nutrition education
for nutritionally vulnerable women. This change in gestational weight gain recommen-
dation, among other factors such as participation in the WIC program, contributed to
an increase in gestational weight gain and fetal growth, as evidenced by an increase in
mean birth weight, and a reduction in low birth weights [2].

In 1990, the Food and Nutrition Board of the Institute of Medicine (IOM) [1]
recommended gestational weight ranges for women on the basis of their prepreg-
nancy BMI. BMI is calculated by the weight in kilograms divided by the square of
height in meters (kg/m?). The recommended total weight gain ranges were 28—-401b
(12.5-18 kg) for women with low BMI (<19.8), 25-351b (11.5-16 kg) for women with
normal BMI (19.8-26), and 15-251b (7-11.5kg) for women with high BMI (>26-29).
It was recommended that young adolescents and African American women should
strive for gains at the upper end of the recommended range. Short women (<157 cm)
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Table 2.1
Historical Perspective: Total Gestational Weight Gain Recommendations
Recommended
total gain
Reference Year (kg) (Ib)
Standard obstetric practice® Prior to 1970 8-9 18-20
National Research Council, 1970 9-11.5 20-25
Food & Nutrition Board
Committee on Maternal Nutrition
Institute of Medicine® Food 1990 11.5-16  25-35
& Nutrition Board
World Health Organization 1995 10-14  22-31
From [2]

®Recommended total weight gain for pregnant women with normal body mass
index (19.8-26)

should strive for gains at the lower end of the range. The recommended target weight
gain for obese women (BMI > 29) was at least 151b (6 kg). These ranges were derived
from the 1980 US National Natality Survey and based on the observed weight gains of
women delivering full-term (39-41 weeks), normal-growth (3—4 kg) infants without
complications. Furthermore, the rate of weight gain recommended by the IOM was
approximately 11b (0.4 kg) per week in the second and third trimesters of pregnancy
for women with a normal prepregnancy BMI, slightly more than 11b (0.5 kg) per week
for underweight women, and 0.661b (0.3 kg) per week for overweight women.

A comprehensive review of studies conducted by Abrams [7] showed that gestational
weight gains within the IOM’s recommended ranges were associated with the best
outcome for both infants, in terms of birth weight, and for mothers, in terms of delivery
complications and postpartum weight retention.

In 1995, the World Health Organization (WHO) Collaborative Study on Maternal Anthro-
pometry and Pregnancy Outcomes [4] reviewed information on 110,000 births from 20
different countries to define desirable maternal weight gain. The range of gestational weight
gain associated with birth weights greater than 3kg was 22-311b (10-14kg). Comparing
the WHO weight ranges with the IOM’s recommended weight ranges for women with
low and normal prepregnancy BMI, the WHO’s ranges are slightly lower than the IOM’s
ranges (10-14kg versus 12.5-18 kg [low BMI] and 11.5-16kg [normal BMI]).

In2000, the US Department of Health and Human Services released the Healthy People
2010 document, with specific objectives for maternal and infant health [8]. One of these
objectives (developmental) refers to increasing the proportion of mothers who achieve a
recommended weight gain during their pregnancies. Unfortunately, approximately 50%
of women receive no prenatal advice or inappropriate advice regarding gestational weight
gain [9]. Cogswell and colleagues [10] found that among those who received advice,
14% were advised to gain less than the recommended weight, while 22% were advised
to gain more than recommended. Further, the probability of being advised to gain more
than the recommended weight were higher in women with high BMI (>26 kg/m?). When
no advice on gestational weight gain was given, pregnant women tended to gain outside
the IOM recommendations. Two groups of women who continue to gain less than the
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recommended level of weight during pregnancy are adolescents and African American
women. As a result, they are at particular high risk for having low-birth-weight infants
and preterm delivery. On the other hand, women who are overweight or obese are more
likely than are women of normal weight to gain more weight than is recommended [11].
Exceeding the recommendations for weight gain was also found to be more likely in
low-income women [12]. Outcomes related to excessive gestational weight gain include
postpartum weight retention for the mother, future maternal overweight or obesity, and
for the infant, childhood overweight/obesity [13]. Future attention should be directed
to the relationship of pregnancy body weight gain to body fat gain for the development
of dietary and weight gain recommendations.

2.3 ENERGY COST OF PREGNANCY

Defining the energy cost of pregnancy requires that optimal gestational weight gain
be established. Extra dietary energy is required during pregnancy for the energy depos-
ited in maternal/fetal tissues, the rise in energy expenditure attributable to increased
basal metabolism, and to changes in the energy cost of physical activity [14, 15].

2.3.1 Protein and Fat Deposition

During pregnancy, protein is mainly deposited in the fetus (42%). The remainder is
accounted for by the gain of uterine (17%), blood (14%), placenta (10%), and mammary
(8%) tissues. The increment in total body protein in well-nourished pregnant women
has been estimated from changes in total body potassium. King et al. [16], Pipe et al.
[17], Forsum et al. [18], and Butte et al. [19] estimated that an average of 686g of
protein are deposited unequally throughout pregnancy, mainly in late pregnancy. Butte
and colleagues [15] studied total protein deposition in relation to BMI and reported that
protein accretion did not differ significantly among low to high BMI groups.

Total fat accretion, the major contributor to energy deposition, was studied in well-
nourished pregnant women using multicomponent body composition models based on
total body water, body volume, and body mineral content [17, 18, 20-25, 28, 30]. The
average estimate was 3.7kg (range = 2.4-5.9). Mean fat gains in the study of Butte
and colleagues [15] were 5.3 kg, 4.6kg, and 8.4 kg for women in the low-, normal-, and
high-BMI groups, respectively. Also, maternal fat retention at 27 weeks postpartum was
significantly higher in women who gained weight above the IOM recommendations
than in those who gained weight within or below those recommendations.

2.3.2 Basal Metabolism

The energy cost for maintenance rises throughout pregnancy due to increased tissue
mass. Several longitudinal studies [18, 20, 26-28, 30, 31] in which changes in basal
metabolic rate (BMR) or resting metabolic rate (RMR) were measured have been pub-
lished. The first, BMR, is measured in the morning after awakening, whereas RMR is
measured at any time during the day, after resting for at least 30 min. Both measurements
reflect lean body tissue. In these studies, BMR increased over prepregnancy or early
pregnancy values by 5, 11, and 24% in the first, second, and third trimesters, respectively.
When BMR increase was examined in relation to BMI [15], the values were similar for
the women in the low and normal BMI groups, but the increase in BMR was greater for
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women with high BMI (7, 16, and 38% across trimesters). A common characteristic was
the wide variability in metabolic response among women. BMR decreased during the first
and second trimesters in some women and increased steadily during pregnancy in others.

2.3.3 Total Energy Expenditure

In pregnancy, total energy expenditure (TEE) has been estimated by respiratory
calorimetry or by using a doubly labeled water method (DLW) [14, 15]. Whole-room,
24-h respiratory calorimetry demonstrates changes in the components of TEE under
standardized protocols, e.g., sedentary conditions and minimal daily energy expenditure
for basic survival, but makes no allowance for free-living physical activity. The DLW
method, complemented with a measure of BMR, provides a quantitative estimate of the
amount of energy expended in physical activity (AEE).

Whole-room respiration calorimetry studies carried out in well-nourished women
[28, 29, 37] revealed that EE increases above prepregnancy values on average by 1, 4,
and 20% in the first, second, and third trimesters, respectively. This increment was due
largely to the increase in BMR.

Free-living TEE has been measured by DLW in well-nourished women [15, 30-33]. In
these studies, TEE increased on average by 1, 6, and 19% over baseline values in the first,
second, and third trimesters. Furthermore, BMR increased by 2,9, and 24%, and AEE (TEE
—BMR) changed by -2, 3, and 6% relative to baseline. On the basis of the larger increment
in BMR, physical activity decreased as pregnancy advanced. These findings support the
idea that women may conserve energy by reducing the pace or the intensity with which an
activity is performed. Pregnant women may also change their activity patterns and thereby
reduce the amount of time spent in activities. However, reduction in physical activity does
not compensate for increases in BMR and energy deposited in maternal and fetal tissues.
Thus, extra dietary energy is ordinarily required as pregnancy progresses [15].

2.3.4 Total Energy Cost of Pregnancy

The total energy cost of pregnancy in well-nourished women has been estimated from
the sum of BMR or TEE and energy deposited in laying down maternal and fetal tissues
[14]. Gestational weight gain is a major determinant of the incremental energy needs
during pregnancy because it reflects not only energy deposition, but also the increase in
BMR and TEE resulting from the energy cost of metabolism and moving a larger body
mass. Using the gestational weight gain recommended by IOM for pregnant women
with normal BMI (mean value=13.8kg), the estimated total energy cost of pregnancy
was about 88,850kcal [14]. The incremental needs for energy are not equally distributed
over pregnancy. For example, energy needs associated with protein deposition occur
primarily in the second and third trimesters, while the distribution of energy deposited
as fat, is about 11, 47, and 42% across trimesters. Thus, the increments in BMR and TEE
are greater in the second half of pregnancy. Reflecting the deposition of new-weight tis-
sue across pregnancy, the average distribution of energy was estimated at approximately
105, 330, and 535kcal per day for the first, second, and third trimesters, respectively.
Using the gestational weight gain recommended by the WHO Collaborative Study
on Maternal Anthropometry and Pregnancy Outcomes (mean value=12kg), the total
energy cost of pregnancy was estimated at about 77,147 kcal, distributed as 90, 286, and
465 kcal per day for the first, second, and third trimesters, respectively [14].
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The 2004 Dietary Reference Intakes (DRI) recommendations for energy intake in preg-
nant women with a normal prepregnancy BMI are an additional 0, 340, and 452 kcal/day
for the first, second, and third trimesters, respectively, over the nonpregnant state [34].
The 2005 USDA Dietary Guidelines for Americans [35] and the 2005 USDA MyPyramid
[36] provide dietary guidance to meet the energy needs associated with pregnancy, as
described and discussed in Chap. 1(“Nutrient Recommendations and Dietary Guidelines
for Pregnant Women”).

2.3.5 Metabolic Adaptations

Under certain physiological conditions, such as undernutrition, adjustments may occur
in BMR, efficiency in performing work, and thermogenesis to meet the increased energy
requirements of pregnancy. For example, Gambian women showed a pronounced suppres-
sion of basal metabolism that persisted into the third trimester of pregnancy, and although
there was a later increase in BMR, the overall effect was in fact a slight net saving of energy
over the entire gestational period. On the other hand, in well-nourished women, BMR
usually begins to rise soon after conception and continues to increase until delivery [37].

King and colleagues [14] reviewed previous studies in which changes in energy
efficiency for both weight-bearing (treadmill exercise) and non—-weight-bearing (cyclo-
ergometer exercise) activities were measured at standard pace and/or intensity [38].
The net energy cost of non—weight-bearing activity did not change until the last month
of pregnancy, at which time it increased by approximately 10%. During the first two
trimesters, the net energy cost of weight-bearing activity remained stable but then
increased in the third trimester by about 15%. As most women had already gained an
average of 6kg by the end of the second trimester, when the net energy cost of weight-
bearing activities remained stable, the data suggest that those activities were performed
with higher efficiency in late pregnancy.

The thermic effect of feeding refers to the increase in energy expenditure above basal
metabolism after the ingestion of food. This increase is related to the energy costs of
digestions, absorption, transport, and storage and is usually about 10% of energy intake.
In studies of pregnant women, the thermic effect of feeding, as a percent of total energy
intake, has been shown to be unchanged [39-41] or lower [42] than those values of
nonpregnant women. Although metabolic adaptations represent powerful mechanisms
for sustaining pregnancy under marginal nutritional conditions, they should not be
viewed as perfect processes that eliminate the need for proper energy intake required
to maintain optimal fetal growth.

2.4 BODY WEIGHT CHANGES AFTER PREGNANCY

Both mean gestational weight gain and prevalence of overweight women in the US
population have increased over the past two decades [44, 45]. Gunderson and Abrams
[43] reviewed the literature to examine whether increased gestational weight gain is
responsible in part for the increasing prevalence of overweight women. The major-
ity of the epidemiological studies provided data on average body weight gain among
pregnant women, without comparison groups. The estimate for weight gain from these
studies ranged from 1.4kg to 1.5kg by 6—12 months postpartum [46—48]. Gunderson
and Abrams also reviewed data from the 1988 National Maternal and Infant Health
Survey (NMIHS) [44], a US representative sample, which revealed a median weight
change of 1kg at 10-18 months postpartum. These relatively small average maternal
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weight increases suggest that pregnancy may not have a significant influence on body
weight for a sizable percentage of women. However, approximately 20% of the women
studied experienced a 5kg or greater weight increase after pregnancy [44, 46—48]. In
the NMIHS, almost 16% of women were more than 6.4kg heavier by 10-18 months
postpartum. Therefore, use of the mean value to assess body weight increases after preg-
nancy fails to adequately reflect the population at risk [44].

In a recent study of over 1,000 mother—child pairs investigators found that mothers
with greater gestational weight gain had children with more adiposity at 3 years of age,
measured by skin-fold thickness as well as by BMI [51]. This association was independ-
ent of parental BMI, maternal glucose tolerance, breastfeeding duration, fetal and infant
growth, and child behaviors. Children of mothers who gained more weight also had
somewhat higher systolic blood pressure, a cardiovascular risk factor related to adiposity
even in young children. Noticeably, mothers with adequate gain, as recommended by
the Institute of Medicine [1], had a substantially high risk of having children who were
overweight. This new evidence suggests that the current recommendations for gestational
weight gain may need to be revised in this era of epidemic obesity.

2.5 APPLICATIONS

With the understanding that total weight gain during pregnancy varies widely among
women with similar ages, weights, heights, ethnic backgrounds, and socioeconomic sta-
tus, recommendations for weight gain should be used only as guides. The following
clinical recommendations based on current knowledge [3, 49,50] can aid practitioners
in defining the weight gain goals for achieving a desirable body weight for women
throughout pregnancy and postpartum. The recommendations relate to anthropometric
measurements and counseling and are summarized in Table 2.2.

Table 2.2
General Guidelines for Achieving Optimal Gestational Weight Gain

Preconception

1. Assess weight and height

2. Assess dietary intake

4. Offer guidance regarding healthy eating

5. Provide individualized care to address risk factors such as undernutrition and obesity

During Pregnancy

1. Assess weight and height

2. Determine BMI based on height and prepregnancy weight

3. Recommend overall and incremental weight gain and monitor weight gain throughout
pregnancy

4. Assess dietary intake

5. Provide education to all women on weight gain and healthy eating

6. Provide individual assessment and counseling, by a dietitian/Women, Infants and Children
(WIC) Food Program, for women with inadequate or excessive weight gain

Postpartum Period

1. Provide advice regarding weight management related to postpartum weight retention
2. Encourage healthy eating

Adapted from [50]
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2.5.1 Anthropometric Measures

Prepregnancy weight is an important measurement. Objective data, such as those
obtained from a medical record, are preferred over self-reported values. Information
provided by the patient should be evaluated for its accuracy.

At the first prenatal visit, the woman’s height without shoes should be determined, pref-
erably with a wall stadiometer, the accuracy of which has been verified. Gestational age
should be determined from the onset of the woman’s last menstruation, supplemented by
estimates based on the obstetric clinical examination and by early ultrasound if available.
A weight-for-height category derived from the patient’s height and prepregnancy weight
needs to be established. The resulting BMI should be compared to reference values for
BMI. This comparison will provide the bases for the creation of a plan for overall and
incremental weight gain and dietary counseling. Other measures that provide information
on body composition would add substantially to understanding of the meaning of a given
weight gain. Fetal growth may be influenced more by specific maternal tissue changes
(accretion of lean tissue, fat or body water), than by total gestational weight gain. For
example, skin-fold thickness has potential for clinical use but needs to be standardized
for pregnant women; this has yet to be done.

At the beginning of each prenatal visit, the woman’s weight should be assessed.
Consistency in the method used for obtaining weight is necessary (e.g., without outdoor
clothing, purse, and shoes). Values should be recorded on a chart that shows weight gain
by gestational age (weight on the vertical axis and week of gestation on the horizontal
axis). A slightly lower or higher rate of weight gain than the recommended is not cause for
alarm, as long as there is a progressive increase in weight that approximately equals the
recommended rate of gain. Reasons for abrupt or persistent deviations from the expected
pattern of gain should be investigated. Health care providers should be trained in proper
measurement techniques and the equipment used should be calibrated periodically.

2.5.2 Counseling

Ideally, healthy eating patterns should be established before pregnancy. During preg-
nancy, women may be particularly receptive to guidance regarding behaviors that may
influence their health and that of their developing babies. All women should be encour-
aged to gain enough weight to achieve at least the lower limit of the weight range specified
for their weight-for-height category. To help women achieve desirable gestational weight
gain, they should be given appropriate dietary information or referred to a dietitian or WIC
program to learn how to obtain adequate nutrients within calorie needs. Women should
be encouraged to accept a diet rich in a variety of healthy foods consistent with ethnic,
cultural, and financial considerations. The USDA Dietary Guidelines for Americans [35]
and the USDA MyPyramid [36] provide specific guidance for women of childbearing age
who may become pregnant and for pregnant women.

Continuation of dietary counseling after delivery is necessary to regain prepregnancy
weight before attempting another pregnancy.
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3 Physical Activity and Exercise

in Pregnancy

Rose Catanzaro and Raul Artal

Summary The benefits of exercise in the general population have been well-recognized.
There is ample evidence to demonstrate that moderate exercise in a healthy pregnancy
results in no adverse effects and provides consequential benefits.

Despite anatomical and physiological changes in pregnancy, women with healthy
pregnancies and without contraindications can combine aerobic and resistance elements
in their workouts. Clinical evaluation by an obstetrician is recommended before beginning
an exercise program. Consideration must be given to the type, intensity, duration, and
frequency of exercise when providing the patient with an exercise prescription. Scuba
diving and contact sports or exercises with a high risk of falling or abdominal trauma
should be avoided. Women who are beginning an exercise program during pregnancy
should start slowly and gradually increase to moderate intensity. Women engaging in
strenuous physical activities require additional medical supervision.

The nutritional needs of active pregnant women are not clearly defined; however,
it should be recognized that there is an additional caloric allowance for increased metabo-
lism and greater energy expenditure both during and after activity. Pregnant women use
carbohydrates at a higher rate than do nonpregnant women,; this is further increased during
exercise, thus adequate carbohydrate intake is essential. Adequate fluid intake helps control
the core body temperature and is essential to replace fluid loss during exercise.

Because habits adopted during pregnancy can resultin persistent lifestyle improvements,
exercise during pregnancy could significantly reduce the lifetime risks of obesity, chronic
hypertension and diabetes—not only for pregnant women, but also for their families as
well. Overall, a woman whose exercise habits have become firmly entrenched during
pregnancy stands a much better chance of maintaining them after her child is born.

Keywords: Physical activity, exercise, nutrition, pregnancy

3.1 INTRODUCTION

Pregnancy is a unique time in a woman’s life in which health awareness increases,
and she may be more inclined to accept medical advice to either adopt or continue an
active lifestyle. Exercise is considered safe for most women during pregnancy as long as
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there are no medical or obstetrical complications [1]. Although physical activity is often
considered part of a healthy lifestyle and leisure time activity, some pregnant women
may choose to participate in highly competitive sports.

While the health benefits of physical activity are well recognized in the general
population [2-6], exercise is still not adequately accepted as a benefit for pregnant
women. Healthcare providers remain cautious and often reluctant to encourage exercise
during pregnancy, despite the well-recognized benefits. The hesitation is set in conserva-
tive ideas that pregnancy is a time of confinement. With abundant evidence to show
that moderate exercise in healthy pregnancies results in benefits and without adverse
maternal or fetal outcomes, exercise recommendations made by healthcare providers
should be a top priority. It is well recognized that healthy lifestyle behaviors adopted in
pregnancy can result in persistent lifestyle modifications that could significantly reduce
risk factors associated with obesity, chronic hypertension, and diabetes—not only for
the pregnant mother, but also for all members of her family.

In this chapter, we review physiological changes that provide the basis for exercise
guidelines and nutritional recommendations in pregnancy, as well as maternal and fetal
responses to the potential risks and benefits associated with exercise in pregnancy.

3.2 PHYSIOLOGICAL CHANGES IN PREGNANCY

Under the influence of estrogen, progesterone, and elastin, pregnancy is associated with
generalized connective tissue laxity, potentially leading to ligament and joint instability
[1]. Additional strain on the musculoskeletal system comes from the change in the body’s
center of gravity, resulting in progressive lordosis (accentuation of the lumbar curvature
of the spine) and kyphosis (curvature of the upper spine) [7]. The change in center of
gravity requires greater muscular effort with certain movements, such as rising from a
squatting or sitting position or changing directions quickly. The progressive lordosis in
pregnancy frequently results in lower back pain, which could be prevented by improving
posture and muscular strength preferably prior to pregnancy [8]; such preventative meas-
ures are also effective during pregnancy [9]. Providing exercise guidelines to increase
core strength prior to pregnancy minimizes these injuries.

Special consideration must be given to changes that occur during each trimester of
pregnancy that could result in injury from physical activity in pregnancy. Physical activity
in pregnancy can be affected by the following progressive anatomical and physiological
changes: change in center of gravity, increased connective tissue laxity resulting in joint
instability, lordosis and kyphosis, generalized edema possibly resulting in nerve compres-
sion syndrome, increase in blood volume, tachycardia, hyperventilation, and reductions in
cardiac reserve and residual lung capacity [10]. Figure 3.1 lists the etiology for potential
injury that can occur during exercise in pregnancy and the gestational age during which
the injury is most likely to occur. The goal of exercise is to maintain physical fitness
within the physiological limitations of pregnancy. Exercise prescriptions should be geared
towards muscle strengthening to minimize risk of joint injury and towards correcting
postural changes thus diminishing lower back pain.

Physical activity may increase uterine activity (contractions). The effect of exercise
on uterine activity has little or no change during the last 8 weeks of pregnancy [11].
While there are no studies reporting that strenuous activity results in preterm labor, until
the impact is fully studied, women at risk of preterm labor should be advised to reduce
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Fig. 3.1. Potential mechanisms leading to injuries during exercise in pregnancy. (From [10])

activity in the second and third trimesters [12]. There is a link between strenuous physical
activity and the development of intrauterine growth restriction in the presence of dietary
restrictions. Mothers with physically demanding and repetitive jobs were reported in
several studies to deliver early and give birth to small-for-gestational-age infants [ 13-15];
meanwhile, other studies on vigorous exercise found no difference [16] or an increase
[17] in infant birth weight. It appears that infant birth weight is not affected by exercise
if energy intake is adequate [18], and that fetal weight can be maintained with adequate
nutritional intake.

3.3 HYPERTHERMIA

An increase in body temperature during exercise is directly related to the intensity of
the activity. During moderate intensity exercise in normal temperature conditions, the
body’s core temperature tends to rise an average of 1.5°C during the first 30 min of activity,
followed by a plateau if the same level of activity continues [19]. Heat is dissipated
predominantly through the skin. If heat production exceeds heat dissipation—which can
occur if exercise takes place in hot humid conditions, with vigorous exercise, if there is
exposure to hot tubs, saunas, or if the woman is running a fever—the core temperature
continues to rise. Animal studies have shown that an increase in core temperature greater
than 39°C during embryogenesis from 3 to 8 weeks gestation can result in congenital
malformations [20-22]. For humans, the association of hyperthermia and congenital mal-
formations is primarily acknowledged in case studies, which suggests a relationship but
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does not prove causality [23—25]. One prospective study using 165 women exposed to
hyperthermia during the first trimester failed to confirm teratogenic effects [26]. As the
risk of hypothermia is a concern, pregnant women should be advised to avoid hyperthermic
conditions during the entire pregnancy, and particularly the first trimester.

3.4 CARDIOVASCULAR AND RESPIRATORY ADAPTATIONS
IN PREGNANCY

During exercise, there is a redistribution of blood flow away from the visceral
organs and toward the exercising muscles. The redistribution of blood away from
the uterus is related to the intensity and duration of exercise. However, in pregnancy
there are corresponding adaptations that are characterized by an increase in blood vol-
ume, compensated for by increased venous capacity and decreased peripheral vascular
resistance [27]. Although fetal oxygen and substrate availability could be counterbal-
anced by an increase in the amount of oxygen and substrate taken from the maternal
blood supply, the question remains as to whether the redistribution of blood flow dur-
ing regular or extended physical activity impacts transplacental transport of oxygen,
carbon dioxide, and nutrients.

Exercise intensity is usually expressed in terms of demand on the cardiovascular
system as percentage of maximal heart rate. The values for volume of oxygen consumed
during exercise at maximum capacity (%VO, ), metabolic equivalents (METs),
and maximal heart rate (%HR__ ) for the average nonpregnant woman can be found
in Table 3.1 [10]. Maternal heart rate response to strenuous exercise is blunted and
does not follow a linear relationship; this is the reason why target heart rates cannot
be used for exercise prescriptions in pregnancy. In order to track the level of intensity
during physical activity, pregnant women may make use of the following easy-to-use
methods. First, the talk test may be used to monitor level of intensity. A subject who
is exercising at a moderate intensity (3—4 METs) should be able to comfortably hold
a conversation; however, if winded or out of breath during the activity, she may be
exercising too vigorously. Another helpful method for measuring intensity is the Borg
Scale Rating of Perceived Exertion (RPE) [28]. The RPE is a subjective measure that
correlates to a person’s physical perception of exercise intensity including heart rate,
respiration, perspiration, and muscle fatigue. The Borg RPE scale ranges from a level
of 6, which is no exertion at all, to a level of 20, which is maximal exertion. An RPE
level of 12—14 would be perceived as “somewhat hard,” which corresponds to moderate
activity. If exertion were reported as 19 or “extremely hard” on the Borg scale, decreas-
ing to a lower intensity would be beneficial, thus modifying the intensity according to
maternal symptoms. To estimate an individual’s heart rate during exercise, RPE can
be multiplied by 10 (i.e., an RPE of 12-14 x 10 = a heart rate of 120-140 beats per
minute). Increased energy expenditure may be estimated using METs, a unit of rest-
ing oxygen uptake. One MET is equivalent to 1kcal per kg of body weight per hour.
For example, if a 70-kg woman walks at a brisk pace of 3—4 METs for a half hour, she
would increase her caloric requirement by 70-105 kcal(2—-3 MET increase over resting
x 70 kcal x 0.5 hrs.

Cardiovascular response to body position should be considered. After the first tri-
mester, the supine position results in relative obstruction of the venous return due to
the enlarging uterus [29]. Pregnant women may experience a decrease in cardiac output
reflective of symptoms associated with this supine hypotensive syndrome.
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Table 3.1
Intensity of Exercise for the Nonpregnant
Woman: %VO, , METs, and %HR __

Intensity %VOo,, .. METs %HR
Light 15-30 1.2-2.7 40-50
Moderate 31-50 2.84.3 51-65
Heavy 51-68 4.4-5.9 66-80
Very heavy 69-85 6-7.5 81-90
Unduly heavy 86+ 7.6+ 90+
From[10] % VO, =percentage of aerobic capacity,

METs = metabolic equivalent, % HR = percentage of
maximal heart rate. Adapted from [10]

Pregnancy is associated with profound respiratory changes: minute ventilation (tidal
volume X breaths/minute) increases by approximately 50%, primarily as a result of
increased tidal volume (volume of gas inhaled and exhaled during one respiratory
cycle) [30,31]. Because of the increased resting oxygen requirements and the increased
work of breathing caused by pressure of the enlarged uterus on the diaphragm, there is
decreased oxygen availability for performance of aerobic exercise during pregnancy.
Thus, both workload and maximum exercise performance are decreased [31, 32].

3.5 FETAL RESPONSE TO MATERNAL EXERCISE

One of the main concerns related to exercise in pregnancy is the effect of mater-
nal activity on the fetus, whereas any maternal benefits may be offset by adverse fetal
outcomes. The potential concerns, although theoretical, are related to the selective redis-
tribution of blood flow during exercise and the resultant effects on the transplacental
transport of O,, CO,, and nutrients. Studies addressing fetal heart response to exercise
have focused on fetal heart rate changes before, during, and after exercise. Moderate
exercise appears to cause a minimal to moderate increase in fetal heart rate by approxi-
mately 10-30 beats/minute over baseline [62].

3.6 EXERCISE GUIDELINES FOR HEALTHY PREGNANCIES

The exercise recommendations from the American College of Obstetricians and
Gynecologists (ACOG) mirror those of the Center of Disease Control (CDC), and the
American College of Sports Medicine (ACSM). The ACSM recommends moderate
intensity exercise for 30 min or more on most days of the week as part of a healthy
lifestyle in the nonpregnant population [4]. A moderate level of exertion for 30 min
duration has been associated with significant health benefits decreasing risk of chronic
diseases including coronary heart disease, hypertension, type 2 diabetes mellitus,
and osteoporosis [33]. Women who are sedentary prior to pregnancy should gradu-
ally increase their duration of activity to 30 min. Those who are already fit should be
advised that pregnancy is not the time to greatly enhance physical performance and
that overall activity and fitness tend to decline during pregnancy. Pregnant women
should exercise caution in increasing intensity, especially when an exercise session
extends beyond 45 min because body core temperature may rise above safe levels, and
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energy reserves could become depleted. The ACOG guidelines [1] for exercise during
pregnancy are established for pregnant women without maternal or obstetrical compli-
cations. These recommendations are summarized in Table 3.2. Clinical evaluation by
an obstetrician is recommended prior to prescribing an exercise program during preg-
nancy, with special consideration given to the type and intensity of the exercise—as
well as the duration, frequency of the sessions, the level of fitness, and familiarity with
the various activities.

In some circumstances, uterine activity has been shown to occur during and after
physical activity in pregnancy; however, it could have potential for clinical significance
only in those at risk for premature labor. Women who are at risk or have a significant
history of premature labor should be advised to refrain from exercise during pregnancy.
Table 3.3 lists the absolute and relative contraindications for exercise in pregnancy, and
Table 3.4 lists warning signs to terminate exercise while pregnant [1].

Safety is the primary concern for exercise during pregnancy and caution should be
implemented. Contact sports and recreational activities with increased risk of falling
and abdominal trauma, such as hockey, soccer, baseball, gymnastics, skiing, horseback
riding, and racquet sports, should be limited or avoided. Exercise in water has several
advantages for the pregnant woman: the safety from the buoyancy of the water, a shift in
extracellular fluid back to the vascular system, which can decrease edema, thermoregu-
lation of the core body temperature, less fetal heart rate change as compared to other
activities, and increased uterine blood flow [34]. Increases in circulating blood volume
are proportional to the depth of immersion, resulting in lower maternal heart rate and

Table 3.2
Excerpts from ACOG Recommendations for Exercise during Pregnancy and the Postpartum
Period

1. In the absence of either medical or obstetric complications, 30 min or more of moderate
exercise a day on most, if not all, days of the week is recommended for pregnant women.

2. Recreational and competitive athletes with uncomplicated pregnancies can remain active
during pregnancy and should modify their usual exercise routines as medically indicated.

3. Generally, participation in a wide range of recreational activities appears to be safe during preg-
nancy. Each sport should be reviewed individually for its potential risk. Activities with a high
risk of falling or risk of abdominal trauma should be avoided. Scuba diving should be avoided.

4. Inactive women and those with medical or obstetric complications should be evaluated
before recommendations for physical activity are made. Women engaging in strenuous
exercise require close medical supervision.

5. Women with a history of or risk of preterm labor or fetal growth restriction should be
advised to reduce activity in the second and third trimesters.

6. Exercise in the supine position, after the first trimester, and prolonged periods
of motionless standing should be avoided as much as possible.

7. Exercise during pregnancy may provide additional health benefits to women with
gestational diabetes mellitus (GDM) including reducing insulin resistance, postprandial
hyperglycemia, and excessive weight gain.

8. Prepregnancy exercise should be gradually resumed postpartum because the physiological
changes of pregnancy may persist 4—6 weeks postpartum.

Adapted from [1]
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Table 3.3

Contraindications for Exercise during Pregnancy

Absolute contraindications:

* Hemodynamically significant heart disease

* Restrictive lung disease

* Incompetent cervix/cerclage

* Multiple gestation at risk for premature labor
* Persistent second- or third-trimester bleeding
* Placenta previa after 26 weeks of gestation

* Premature labor during the current pregnancy
* Ruptured membranes

* Preeclampsia/pregnancy-induced hypertension

Relative contraindications (patients may be engaged in
medically supervised programs):

* Severe anemia

* Unevaluated maternal cardiac arrhythmia
* Chronic bronchitis

* Poorly controlled type 1 diabetes

* Extreme morbid obesity

* Extreme underweight (BMI < 12)

* History of extremely sedentary lifestyle

* Intrauterine growth restriction in current pregnancy
* Poorly controlled hypertension

* Orthopedic limitations

* Poorly controlled seizure disorder

* Poorly controlled hyperthyroidism

* Heavy smoker

From [1]

Table 3.4
Warning Signs to Terminate Exercise While Pregnant

* Vaginal bleeding

* Dyspnea before exertion

* Dizziness

» Headache

* Chest pain

* Muscle weakness

* Calf pain or swelling (need to rule out thrombophlebitis)
* Preterm labor

* Decreased fetal movement

* Amniotic fluid leakage

From [1]

blood pressure in comparison with land exercises. Water aerobics for 30-min sessions
have been shown to be as beneficial as static immersion in relieving edema [35]. Scuba
diving should be avoided because this puts the fetus at risk for decompression sickness
secondary to the inability of the fetal pulmonary circulation to filter bubbles.
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In the past, weight lifting in pregnancy was unheard of; however, since women often do
not want to give up their prepregnancy routine, they need to learn how to lift weights safely
[10]. Weight training is a beneficial way to stay fit during pregnancy, while keeping in
mind that the fitness goals should be geared toward maintenance instead of dramatic gains.
The use of lighter weights to avoid overloading joints that are loosened by the hormones
of pregnancy, along with more repetitions will assist in maintaining muscle mass without
stressing the joints. Caution should be executed by avoiding walking lunges that could
strain connective tissue. Protecting the abdomen from swinging weights could prevent
harm to the fetus. Women should be advised not to lift weights while laying flat on the
back, which puts pressure on the vena cava, thus restricting blood flow to the heart. Use of
an incline bench would assist with the position change. Proper breathing technique such
as exhaling during a lift can lessen the risk on transient hypertension associated with the
Valsalva maneuver, seen in inexperienced weight lifters who forcibly exhale air against
closed lips and a pinched nose. Any program that works the entire body to promote tone
and fitness can be incorporated into a physical activity routine with certain limitations.

Moderate exercise in a low-risk pregnancy does not result in adverse fetal or maternal
outcomes but instead helps to maintain fitness and well being in the mother [36]. An
exercise prescription for the improvement and maintenance of fitness in nonpregnant
women consists of activities recommended to improve cardiorespiratory capacity (aerobic
exercise), muscle tone (resistance exercise), and flexibility [37]. These activities include
walking, low-impact aerobics, stationary biking, and swimming. In pregnant women, a
similar prescription can be made; however, additional consideration should be given to
the type and intensity of exercise along with duration and frequency to achieve health
benefits minimizing any potential risks to the mother and fetus [18]. Aerobic exercise
consists of activities that use large muscle groups in a continuous rhythmic fashion, such
as walking, jogging, swimming, stationary biking, or dancing. Indeed many women have
familiarity with these activities, and most are able to comply with recommendations
to incorporate aerobic activities into their daily schedules. Women should be advised to
wear comfortable shoes and avoid activities that may result in falling.

The prevalence of leisure activity among pregnant women in the United States is 66%,
compared with 73% in nonpregnant women; however, when examining whether women
meet the recommended amounts of physical activity per week, the prevalence was lower
at 16% in pregnant women compared with 26% in those not pregnant [38]. The most
common leisure time activity reported was walking, followed by swimming, weight
lifting, gardening, and aerobics. While women report that exercise positively impacts
pregnancy, the greatest influence on whether a woman exercises during her pregnancy
was reported to be the encouragement provided by her physician and healthcare provider
[39]. Sedentary women, prior to beginning an exercise program, should receive clinical
and obstetrical evaluation.

3.7 THE ELITE ATHLETE

The elite athlete experiences limitations and physiological changes in pregnancy
similar to the recreational athlete, including ligament relaxation, change in posture,
and weight gain. These changes may in turn impact a woman’s competitive ability and
increase her desire for strenuous training, making her more prone to injury [12]. The
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elite athlete should be aware that pregnancy is not a time for improving competitive
fitness, but instead she should focus on remaining physically active, modifying her exercise
routine if medically indicated. Caution and careful evaluation by an obstetrician is
essential with high-intensity, prolonged, frequent exercise during pregnancy, since there
is evidence of low birth weight and greater risk of thermoregulatory complications asso-
ciated with this type of exercise regimen.

3.8 NUTRITIONAL REQUIREMENTS FOR THE ACTIVE
PREGNANT WOMAN

Althoughthe nutritional needs of active pregnant women are not clearly defined, nutritional
needs in pregnancy have been well researched. Energy requirements during the second and
third trimesters of pregnancy are an average of 300kcal a day above prepregnancy require-
ments [40]. A wide variability in metabolic energy expenditure in pregnancy makes it
difficult to set standards for energy requirements [41]. Exercise during pregnancy requires
an additional caloric allowance for increased metabolism and greater energy expenditure
both during and after the activity. Other factors affecting caloric requirements in preg-
nancy include prepregnancy body mass index, maternal age, and appetite. Estimation of
caloric needs is further complicated by pregnancy changes in maternal extracellular fluid,
maternal fat stores, the weight of the fetus and supporting tissue (uterus, placenta, amniotic
fluid, and mammary glands), as well as changes in fat-free muscle mass due to varia-
tions in activity during pregnancy. Level of activity may either increase or decrease caloric
requirements. For example, a competitive athlete who decides to reduce the intensity of the
activity may have lower caloric needs in pregnancy compared with prepregnancy needs,
while a sedentary person who has started a moderate exercise program may have increased
calorie needs above those of normal pregnancy requirements.

Estimation of body composition is more complicated in pregnancy. As gestational age
progresses, body water continues to increase, while fat mass stays relatively constant.
Changes in hydration, along with errors in measures used to estimate percent body fat,
make it more difficult to provide reliable measures of body composition [42].

The Dietary Reference Intakes (DRIs) for macronutrient and micronutrient intakes
have not been defined for the active pregnant woman compared with those who are
sedentary. Protein requirements in pregnancy have been estimated at 1.1 g/kg/day
(71 g/day for someone 163 cm tall, weighing 65kg.), while in active people there is a
slightly higher estimated requirement of 1.2 to 1.4 g/kg body weight per day [43]. The
2005 Dietary Guidelines for Americans recommend 20-35% of calories from fat, with
most coming from polyunsaturated and monounsaturated fatty acids, while limiting
intake of saturated fats to less than 10% of calories and keeping trans fatty acids as low
as possible. Fat intake should not be restricted to less than 15% of energy requirements
because fat is important not only as a source of calories, but also to aid in the absorption
of fat-soluble vitamins and provides essential fatty acids [44]. Carbohydrate intake of
40-55% of energy requirements is needed to replace the muscle glycogen stores lost
during exercise, minimize maternal hypoglycemia, and limit ketonuria. All pregnant
women and athletes should strive to consume foods that provide at least the RDA/DRI for
all vitamins and minerals in pregnancy and lactation, as discussed in Chap. 1 (“Nutrient
Recommendations and Dietary Guidelines for Pregnant Women”) [43].
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Women who are diet conscious often do not obtain the necessary nutrients required
to maintain a normal pregnancy. Inadequate nutritional intake along with the increased
energy requirements for exercise may lead to poor weight gain and fetal growth restriction.
Although the data linking low birth weight and maternal exercise are conflicting, for preg-
nant women who exercise, it is unclear if adequate energy intake can offset a decrease in
fetal weight [44]. A meta-analysis of 30 research studies concluded that vigorous exercise
during the third trimester of pregnancy has been associated with a 200- to 400-g decrease
in fetal weight [45]. When deficient energy intake occurs in combination with chronic
strenuous exercise during pregnancy, fetal growth may be adversely affected.

Since pregnancy and exercise place higher demands on oxygen requirements, women
who exercise during pregnancy should be monitored for suboptimal iron status and
inadequate intake. Many women enter pregnancy with depleted iron stores, as discussed
in Chap. 16 (“Iron Requirements and Adverse Outcomes”). This, along with expansion
of maternal blood volume and increased fetal demand for oxygen, makes it more of a
challenge for many women to achieve adequate iron status. If a woman enters pregnancy
with iron deficiency anemia, repletion of iron stores may be difficult. Prenatal vitamin
and mineral supplements are routinely prescribed to provide additional iron and folic
acid. However, these should not replace a healthy balanced diet containing a variety of
foods from all food groups so as to ensure adequate intake of antioxidants, fiber, and
the necessary nutrients to support maternal health and growth of the fetus [46].

Oftentimes, active women enter pregnancy underweight, with increased awareness of
body image and may resort to caloric intake below recommendations to prevent weight
gain in pregnancy. To compensate for nutrient deficiencies, women may over compensate
by taking large amount of vitamins or minerals. Although vitamin and mineral supple-
mentation may be beneficial, women should be counseled to avoid excessive micronutrient
intake, particularly of the fat-soluble vitamins A and D, which can lead to fetal malforma-
tions. Excessive amounts of vitamin D can result in congenital anomalies consisting of
supravalvular aortic stenosis, elfin facies, and mental retardation [47]. Women taking high
amounts of vitamin A >10,000 IU in supplement form showed higherrates (1 infantin 57) of
cranial-neural crest tissue defects [48]. The use of dietary supplements is further discussed
in Chap. 14 (“Dietary Supplements during Pregnancy: Need, Efficacy, and Safety”).

Athletes may choose to consume nutritional ergogenic aids and dietary supplements to
enhance athletic performance with hopes of boosting their competitive edge. Nutritional
supplements are a multibillion-dollar industry targeting a wide range of populations,
including women of childbearing age. Supplement companies are not required to prove
supplement safety, effectiveness, and potency before a product is placed on the market
as long as the supplement makes the claim that it has not been evaluated by the US Food
and Drug Administration (FDA), and that the product is not intended to diagnose, treat,
mitigate, cure or prevent disease [43]. Many may believe that since these products are
natural and legal that they are safe; however, there is little scientific evidence demon-
strating the safety or effectiveness of these products for the general population. Women
of childbearing age should be counseled or warned that supplements and nutritional
ergogenic aids have not been shown to be safe and therefore should be avoided prior to
and during pregnancy. The reader is also directed to Chap. 13 (“Popular Diets”).

Water is acritical yet often forgotten nutrient for healthy pregnancies. Exercise induces
significant fluid loss and places the woman at higher risk of dehydration. Weighing
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before and after exercise can help monitor fluid balance. Weight loss of 21b is equivalent to
approximately a 1-liter fluid loss. Pregnant women should be encouraged to drink 8
to 12 cups of hydrating fluids per day, with water being the preferential source. Sports
drinks help replenish carbohydrate, fluid, and electrolyte losses during exercise sessions
lasting 30—45 min. Drinking 1-2 cups of water prior to exercise, replacing fluids every
15-20 min. during activity, and replacing fluids lost after exercise helps maintain hydra-
tion and keeps body temperature within normal limits.

Physical activity and diet quality are interconnected behaviors. Individuals following a
suboptimal diet tend to be more sedentary, less educated, not married, and non-Caucasians
[49]. Hormonal alterations during pregnancy have been shown to cause a 1.5- and three-
fold increase in maternal cholesterol and triglyceride levels, respectively by the mid-third
trimester [50]. One study examined the relationship between recreational physical activity in
early pregnancy and found reductions in total cholesterol and triglyceride levels in women
who spent a greater amount of time (12.7 h/week) on recreational physical activity [51].
Results of this study, along with others conducted in the nonpregnant population suggest
that physical activity in pregnancy may lessen pregnancy-associated dyslipidemia.

3.9 FUEL UTILIZATION IN EXERCISE AND PREGNANCY

Measurements by indirect calorimetry reveal preferential use of carbohydrates
during exercise in pregnancy [53]. The respiratory exchange ratio (RER) reflects the
ratio between CO, output and oxygen uptake (VO,). The RER provides information
on the proportion of substrate derived from various macronutrients. For carbohydrate
to be completely oxidized to CO, and H,0, one volume of CO, is produced for each
volume of O, consumed. An RER of 1 indicates carbohydrates are being utilized,
while an RER of 0.85 indicates mixed substrate. Assessment of fuel utilization dur-
ing pregnancy is important because of the possible effect of exercise-induced mater-
nal hypoglycemia [53]. Such events are unlikely to occur during 45 min of moderate
exercise, but could occur after 60 min of continuous moderate to strenuous exercise
(Fig. 3.2). The tendency for higher respiratory exchange ratios during pregnancy and
during exercise in pregnancy suggests a preferential utilization of carbohydrates.
Soultanakis et al. [53] found that with exercise greater than 20 min in length, both
glucose and glycogen stores were depleted, resulting in higher levels of ketones and
free fatty acids being used as fuel sources. Increased carbohydrate metabolism along
with lower glycogen stores may further predispose women to hypoglycemia during
pregnancy. Protein utilization in pregnancy during exercise does not increase above
nonpregnancy levels, and since most people in the United States get more than the
required amount of protein in their diets, additional/supplemental dietary protein is
unnecessary fuel during moderate bouts of exercise [54].

3.10 CLINICAL APPLICATIONS FOR EXERCISE IN PREGNANCY

Results from the National Health and Nutrition Examination Survey (NHANES) reveal
that from 2003-2004 an estimated 66% of adults (over age 20) were either overweight or
obese [55]. The obesity rate in women of childbearing age is increasing. In 2003, 19.6%
of US women of reproductive age (1844 years) were classified as obese (BMI > 30) [56].
Whether this trend in weight status is associated with the liberalization of the weight gain
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Fig. 3.2. Glucose concentrations during prolonged exercise: pregnant versus nonpregnant.
*p<0.05. (From [19])

guidelines in pregnancy is unclear. However, data show that with each subsequent preg-
nancy, there is a greater risk of postpartum weight retention [57]. A greater focus is needed
to prevent excessive weight gain in pregnancy; this may be accomplished in part through
exercise. One study revealed that women who gained excessive weight and failed to lose
weight by 6 months postpartum were 8.3 kg heavier 10 years later [58]. A 15-year follow
up study to determine the effects of weight gain in pregnancy revealed that the 1-year
postpartum timeframe was the greatest predictor of long-term weight retention, regardless
of weight gain in the pregnancy or prepregnancy BMI [59]. O’Toole et al. reported that
a 12-week comprehensive exercise and nutrition intervention program resulted in greater
postpartum weight loss than a single 1-hr educational session [60]. Although weight loss
is usually not recommended in pregnancy, losing excess weight prior to pregnancy and
a gradual weight loss postpartum may be beneficial in overweight and obese women, as
described in Chap. 5 (“Obesity and Pregnancy”). Lactating women should not attempt to
lose more than 2kg/month [61].

Gestational diabetes mellitus (GDM) is a condition of glucose intolerance that is first
detected during pregnancy. The elevated hormonal response more commonly found in the
second and third trimesters of pregnancy further amplifies the reduction in insulin periph-
eral sensitivity. Through the use of exercise, both insulin sensitivity and the effectiveness
of insulin may increase. Exercise has been recognized as an adjunctive and alternative
therapy to assist with glycemic control in patients with type 2 diabetes mellitus [62], and
this is further discussed in Chap. 10 (“Diabetes and Pregnancy”).

The American Diabetes Association endorses exercise as adjunctive therapy for GDM
when glycemic control is not achieved with diet alone [63, 64]. Women diagnosed with
GDM during pregnancy are at increased risk of developing type 2 diabetes within the first
5 years after delivery [65]. Studies have shown that through exercise and diet therapy,
glycemic control can be achieved and may prevent the onset of type 2 diabetes [66, 67].
Epidemiological data [63] suggest that obese women with a BMI > 30 kg/m? can lower
the incidence of GDM with exercise during pregnancy compared with obese women who
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do not exercise (Fig. 3.3). These studies demonstrate that exercise as prescribed may be
beneficial in the primary prevention of GDM in overweight and obese women. Aerobic
exercise plays a role in decreasing the hyperinsulinemia associated with obesity along
with decreasing fasting and postprandial blood glucose levels.

Based on the findings of several studies, exercise has been prescribed to improve car-
bohydrate tolerance and avoid insulin therapy. These studies have been aimed at assessing
maternal and fetal safety along with efficacy of the exercise prescription. Artal et al. [68]
advised 20 min of bicycle ergometry at 50% VO, after each meal at least 5 days/week for
6 weeks prior to the expected day of delivery. Jovanovic-Peterson et al. [69] recommended
20min of arm ergometry at less than 50% VO, daily for 6 weeks prior to delivery. Bung
etal. [70] utilized 45 min of bicycle ergometry at 50% VO, _three to four times a week for
6 weeks prior to delivery. These studies demonstrated exercise, as prescribed above, was
sufficient to maintain euglycemia. Therefore, exercise should be viewed as a viable option
for women with GDM to improve glycemic control and pregnancy outcomes.

Physical activity offers benefits to those at risk for developing gestational hypertension and
preeclampsia, whichis characterized by hypertension and proteinuria in pregnancy. Preeclamp-
sia and cardiovascular disease share similar pathways including hypertension, dyslipidemia,
insulin resistance, and obesity [71]. Women engaging in physical activity early in pregnancy
reduced their risk of preeclampsia by 35% compared with inactive women [72].

3.11 POSTPARTUM

Many of the physiological and morphological changes of pregnancy persist 4-6 weeks
postpartum. Therefore, exercise routines should be resumed gradually only when medi-
cally and physically safe. Weight loss is often desired during the postpartum period, a time
when women are often anxious to resume exercise routines quickly after delivery. Exer-
cise complements the benefits of restricting calories and limiting portion sizes. Exercise
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helps achieve increased lean body mass, increased fat loss, and improved cardiovascular
fitness. Women will be more successful at postpartum exercise if they have a plan and are
confident in their ability to carry out the plan [73]. Healthcare providers can help women to
identify barriers to exercise, including inclement weather, safety issues, lack of transporta-
tion, childcare, time, and cost, and to develop strategies to overcome these obstacles.

3.12 LACTATION

During the postpartum period, many women are eager to lose weight and improve
muscle tone. Of concern to many women is whether an energy deficit will affect the
quality of breast milk, thus impairing infant growth. Aerobic exercise performed four
to six times per week at a moderate intensity of 60—70% maximal heart rate for 45 min
per day does not appear to affect breast milk volume and composition [74]. The Insti-
tute of Medicine recommends lactating women should lose no more than 2kg/month
[75]. However, one study reveals that short-term weight loss of approximately 1kg/week
through a combination of aerobic exercise and dietary energy restriction helped preserve
lean body mass without affecting lactation performance [76].

3.13 CONCLUSION

Women should obtain medical advice from their healthcare providers about the type
of activity they should engage in during pregnancy. There is ample evidence that moder-
ate exercise in women with healthy pregnancies is beneficial and has no adverse effects
on the mother or the baby. Pregnant women should be encouraged to include 30 min of
physical activity into their daily lifestyle on most, if not all days of the week. Despite
profound physiological changes in pregnancy, women with healthy pregnancies may
engage in a combination of aerobic and resistance training in their workouts. Contact
sports, scuba diving, and exercise with a high risk of falling or of abdominal trauma
should be avoided. Women who exercise for the first time should start slowly, gradu-
ally increasing to moderate-intensity workouts. The elite athlete should be aware that
pregnancy is not the time to enhance physical fitness performance. Strenuous exercise
with intense workouts or sessions lasting longer than 45 min could raise the body core
temperature to levels that could be harmful to the fetus. Energy requirements vary dur-
ing exercise in pregnancy due to the variability in metabolic energy expenditure and the
frequency, intensity, duration, and level of the physical activity.

Exercise habits prior to and during pregnancy may decrease the risk of gestational hyper-
tension and GDM. Because habits adopted during pregnancy can result in persistent lifestyle
changes, exercise during pregnancy could significantly reduce lifetime risks for obesity,
chronic hypertension, and diabetes. Women whose exercise habits have become firmly
engrained before and during pregnancy stand a much better chance of maintaining them after
the child is born, and these exercise habits can positively impact the entire family.
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Food, Folklore, and Flavor Preference
Development

Catherine A. Forestell and Julie A. Mennella

Summary Food choices during pregnancy and lactation are influenced by a variety of
factors. While internal factors, such as cravings and aversions, play an important role
especially during the first trimester of pregnancy, environmental factors such as cultural
food practices and beliefs often dictate the types of foods eaten throughout pregnancy
and lactation. Such traditional food practices serve to predispose infants to flavors that
are characteristic of their mother’s culture and geographical region. As discussed herein,
amniotic fluid and human milk are composed of flavors that directly reflect the foods,
spices, and beverages eaten by or inhaled by (e.g., tobacco) the mother. Because the
olfactory and taste systems are functioning by the last two trimesters, these flavors are
detected early in life, and early experience can bias behavioral response to these flavors
later in life. Although more research is needed to understand the mechanisms involved
in early flavor learning, these pre- and early-postnatal flavor exposures likely serve to
facilitate the transition from fetal life through the breastfeeding period to the initiation of
a varied solid food diet. Such learning is the first, but not the only, way in which children
learn to appreciate and prefer the flavors of the foods cherished by their culture.

Keywords: Flavor, food choice, taste, smell, lactation, pregnancy, culture

4.1 INTRODUCTION

The traditional wisdom of many cultures relates that what women eat while they are
pregnant or lactating can have long-lasting effects on their children. Many of these food
traditions evolved to protect and provide strength to both mother and child because of
the high mortality that was typically associated with pregnancy and the early postpartum
period [1]. Although there is little science-based evidence to support their efficacy, these
practices, which revolve around a cuisine that combines local foods and spices, continue
to be passed down from one generation to the next because they are often deeply rooted
in religious and traditional beliefs [1].

We highlight here some examples of pregnancy-related food beliefs and taboos that are
evident around the world. This is not intended to be a recommendation for such practices,
but serves to acknowledge that they are shaped by a variety of social, cultural, economic,
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and psychological factors and are often important for a people to maintain their cultural
distinctiveness. Such practices can be observed in Shao, a rural village of Nigeria, where
healers discourage pregnant women from eating meats because they believe the behavioral
characteristics of the animals consumed will be imparted to the fetus [2]. Similarly, some
women avoid eating foods such as strawberries or chicken because they believe that over-
indulged food cravings can cause birthmarks or congenital deformities in the baby [3-5].
In South Africa, Zulu healers often prescribe isihlambezo, an herbal concoction of many
different local plants to promote a healthy pregnancy and facilitate quick uncomplicated
labor [6]. Depending on availability, additional ingredients to this herbal tonic may include
fish heads, lizard or snakeskin, dried hyrax urine, mercury, clay, or sand. Such reliance
on local resources is also observed in Mexico, where women eat more local fruit during
pregnancy and lactation because they crave and prefer the tastes of these foods, or because
their physicians, mothers, or other women with ascendance advise them to do so [7].

Similar food traditions are evident throughout lactation as there is a strong belief that
the mother can optimize the quality and quantity of her milk to meet the needs of her
child through her own diet and psychological well-being [7]. In Egypt, foods that are
considered to increase the quantity of milk (galactagogues) include juices, fenugreek tea
and milk, green leafy vegetables, halva (a sesame-based sweet), and yogurt [8]. In some
parts of Mexico, women drink pulque, a low-alcoholic beverage made of the fermented
juice of alocal fruit Agave atrovirens, because they believe that it will enhance their milk
supply [9], whereas others consume milk and gruels to thicken their breast milk [7]. It
is important to note that no scientific evidence supports any of these claims, and some
of these practices may be nutritionally unsound [10-13]. From the perspective of early
flavor learning, however, emerging scientific evidence suggests that when women adhere
to these cultural food practices they in a sense “educate” children to the flavor principles
of their culture, because amniotic fluid and breast milk acquire the flavors of the foods
consumed by mothers throughout pregnancy and lactation, respectively [14, 15].

In this chapter, we first discuss how dietary cravings may alter maternal diets over the
course of pregnancy. We then review the ontogeny of olfaction and taste, which suggests
that by the third trimester, the fetus is capable of detecting and learning about the flavors
of the mother’s diet. Finally, we discuss evidence that suggests that these early pre- and
postnatal experiences program later food preferences, which may serve to facilitate the
transition to solid foods commonly eaten within the infants’ cultures.

4.2 DIETARY CHANGES THROUGHOUT PREGNANCY

In the United States, it is estimated that approximately 50-90% of pregnant women
experience food cravings during the course of pregnancy [16-18]. Despite its preva-
lence, the etiology of pregnancy-related cravings is not well understood. Whereas some
hypothesize that cravings are a function of cognitive characteristics of the individual
[19], others claim that cravings may represent “wisdom of the body” [20]. For example,
pregnant women may crave certain foods to overcome nutritional deficiencies, thereby
ensuring that they consume a varied diet with enough calories to support the growth of
a healthy fetus [21]. This is analogous to the embryo protection hypothesis [22-24],
which proposes that nausea and vomiting during pregnancy evolved to prevent pregnant
women from ingesting toxic foods that may harm the fetus.

Although the specific foods women crave may be a function of their culture or
geographic location [25, 26], pregnant women generally tend to crave and eat more foods
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that are sweet and/or sour, with fruits and fruit juices being most commonly consumed
[18,22,27]. Whether these dietary changes are related to taste [28] and olfactory changes
[29] during pregnancy has been the focus of a few experimental studies. In the 1990s,
Duffy and colleagues published one of the only prospective studies (i.e., the Yale Preg-
nancy Study) on taste changes during pregnancy [28]. Women were tested before they
became pregnant and then during each trimester throughout their pregnancy. During
each test session, women were asked to rate the intensity and hedonic value of sodium
chloride (salt), citric acid (sour), quinine (bitter), and sucrose. The results indicated that
bitter sensitivity increased during the first trimester, a finding that coincides with previ-
ous work [30]. These data suggest that avoidance of bitter-tasting foods such as green
vegetables during early pregnancy [31] may be due, in part, to this initial hypersensitivity
to bitter stimuli. As pregnancy progressed, women’s sensitivity to bitter and salt tastes
decreased, and their liking for bitter, salt, and sour tastes increased [28].

Regardless of the mechanisms underlying taste and presumably dietary changes dur-
ing pregnancy, from the perspective of the fetus, such changes coincide with important
developmental milestones. As will be discussed, this dietary information is passed through
the mothers’ amniotic fluid, providing the fetus with important orosensory stimulation
that will modulate later food and flavor preferences.

4.3 ONTOGENY OF TASTE, SMELL, AND FLAVOR PERCEPTION

Flavor as an attribute of foods and beverages, is an integration of multiple sensory
inputs including taste and retronasal olfaction in the oral and nasal cavities. Emerging
scientific research reveals that the taste and olfactory systems are well developed before
birth (see [32] for review). The apparatus needed to detect taste stimuli make their first
appearance around the 7th or 8th week of gestation, and by 13 to 15 weeks, the taste bud
begins to morphologically resemble the adult bud, except for the cornification overlying
the papilla [33]. Taste buds are capable of conveying gustatory information to the central
nervous system by the last trimester of pregnancy, and this information is available to
systems organizing changes in sucking, facial expressions, and other affective behaviors.

Likewise, the olfactory bulbs and receptor cells needed to detect olfactory stimuli
have attained adult-like morphology by the 11th week of gestation. Olfactory marker
protein, a biochemical correlate of olfactory receptor functioning in fetal rats [34], has
been identified in the olfactory epithelium of human fetuses at 28 weeks of gestation [35].
Because the epithelial plugs that obstruct the external nares resolve between gestational
weeks 16-24, there is a continual turnover of amniotic fluid through the nasal passages,
such that by the last trimester of pregnancy, the fetus swallows significant amounts of
amniotic fluid, and inhales more than twice the volume it swallows. Even in air-breathing
organisms, volatile molecules must penetrate the aqueous mucus layer covering the
olfactory epithelium to reach receptor sites on the cilia. Thus, there is no fundamental
distinction between olfactory detection of airborne and waterborne stimuli.

4.4 EARLY FLAVOR LEARNING
4.4.1 Amniotic Fluid

The environment in which the fetus lives, the amnion, can indeed be odorous. Its odor
can indicate certain disease states, such as maple syrup disease or trimethylaminuria [36,
37]. In 1985, a case study report was published describing four infants who presented
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with peculiar body odors on delivery. Although each infant tested negative for syn-
dromes that are associated with peculiar body odors, all were born to women who had
ingested a spicy meal (e.g., cumin, fenugreek, curry) prior to delivery [14].

In the mid-1990s, an experimental study was conducted that revealed that the diet
of the mother could alter the odor of amniotic fluid in humans [38]. Amniotic samples
were collected from women undergoing routine amniocentesis. The women were ran-
domized to one of two groups, in which they consumed either essential oil of garlic or
placebo capsules approximately 45 min prior to the amniocentesis. The amniotic fluid
from a portion of the sample was then evaluated by a trained sensory panel of adults who
were screened for normal olfactory functioning. The results were unequivocal. Panelists
judged the odor of the amniotic fluid of the women who consumed the garlic capsules as
smelling stronger and more garlic-like than the amniotic fluid samples from the women
who consumed the placebos. Since odor is an important component of flavor perception,
these data provided the first experimental evidence that the amniotic fluid may provide
infants with their first exposure to flavors within the mothers’ diets.

That these flavor changes in amniotic fluid are perceived by fetuses and bias their
preferences after birth was later demonstrated in a study conducted in Northern Ireland
[39]. The response to the odor of garlic was assessed in two groups of infants: one group
had mothers who consumed garlic-containing foods on a regular basis during the last
month of pregnancy, whereas the other group did not. Between 15 and 24 h after birth,
newborns were given a two-choice test between a cotton swab that contained garlic and
an unadulterated cotton swab. The infants whose mothers consumed garlic before their
birth oriented their head slightly more toward the cotton swab that smelled like garlic,
whereas the infants whose mothers avoided garlic expressed their aversion for the garlic
odor by orienting their heads more to the unadulterated swab than to the garlic swab.

A similar study was later conducted in France [40], but here the response to anise odors
was assessed in infants whose mothers either regularly consumed anise-flavored foods
and sweets, or those who did not consume anise-flavored foods. In this study, newborns
of mothers who regularly consumed anise mouthed more and spent more time orienting
toward a swab containing anise odor relative to the unadulterated swab and displayed
fewer facial responses of distaste (e.g., brow lowering, cheek raising, nose wrinkling,
gaping) toward the anise odor when compared with the infants whose mothers did not
consume such flavored foods and sweets.

Taken together, these data suggest that neonates can respond positively to flavor
volatiles that are experienced prenatally. However, experimental studies in which sub-
jects are randomized to different treatment groups are considered the gold standard in
research because they control for all extraneous variables, thereby permitting cause—effect
inferences [41]. To this end, the first experimental study on how experience with flavors in
amniotic fluid and mothers’ milk affects infants’ responses to these flavors is presented
in the next section. But first, we review the evidence that reveals that like amniotic
fluid, human milk provides the potential for a rich source of varying chemosensory
experiences.

4.4.2 Breast Milk

Over the past 15 years, psychophysical research studies have revealed that like
the milk of other mammals, human milk changes as a function of the dietary choices
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of the mother (for review, see [42]). Using a within-subjects design, milk samples
were obtained from lactating women at fixed intervals before and after they ingested
a particular food or beverage on one testing day and placebo during the other. These
milk samples were placed individually in plastic squeeze bottles to minimize any vis-
ual differences in the milk samples, and all possible pairs of samples were presented
to trained sensory panelists who were blind to the experimental condition. Using a
forced-choice procedure, the panelists were asked to indicate which bottle of the pair
“smelled stronger” or like the flavor under study. In general, panelists indicated that
significant increases in the intensity of the milk odor occurred within a half hour
to an hour after the mother consumed the flavor under study, with the intensity of
the flavor decreasing thereafter. No such changes occurred on the days the mothers
consumed the placebos. To date these psychophysical studies have revealed that a
wide variety of volatiles either ingested (e.g., alcohol [43], garlic [44], vanilla [45],
carrot [46]) or inhaled (i.e., tobacco [47]) by the lactating mother are transmitted to
her milk.

Not only can infants detect these flavor changes in the milk, but other experimental
studies revealed that they develop preferences for flavors experienced in amniotic fluid
or mother’s milk [46]. Pregnant women who planned on breastfeeding their infants
were randomly assigned to one of three groups. The women consumed either 300 ml
of carrot juice or water for 4 days per week for three consecutive weeks during the
last trimester of pregnancy and then again during the first 2 months of lactation. The
mothers in one group drank carrot juice during pregnancy and water during lacta-
tion, mothers in a second group drank water during pregnancy and carrot juice during
lactation, whereas those in the control group drank water during both pregnancy
and lactation. Approximately 4 weeks after the mothers began complementing their
infants’ diet with cereal, and before they had ever been fed foods or juices containing
the flavor of carrots, the infants were videotaped as they were fed, in counterbalanced
order, cereal prepared with water during one test session and cereal prepared with
carrot juice during another.

Similar to the results of previous studies [39, 40], infants who had exposure to
the flavor of carrots in amniotic fluid behaved differently in response to that flavor
in a food base than did nonexposed control infants. Specifically, previously exposed
infants displayed fewer negative facial expressions while eating the carrot-fla-
vored cereal when compared with the plain cereal. They were also perceived by
their mothers as enjoying the carrot-flavored cereal more when compared with the
plain cereal. Postnatal exposure had similar consequences, thus highlighting the
importance of a varied diet for both pregnant and lactating women. These findings
provide the first experimental demonstration that prenatal or postnatal exposure
to a flavor enhances the acceptance and enjoyment of that flavor in a food during
weaning in humans [46].

The finding of enhanced acceptance of a flavor experienced in amniotic fluid and
mothers’ milk is not unique to humans, since similar findings have been observed in a
wide variety of mammals such as dogs [48], rabbits [49], lambs [50], and rodents [51,
52]. The redundancy of dietary information transmitted during pregnancy and lactation
may be important biologically because it provides complementary routes for the animal
to learn about the types of foods available in the environment, should the mother’s diet
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change between pregnancy and lactation. At weaning, young animals are faced with
learning what to eat and how to forage. Exposure to dietary flavors in amniotic fluid and
mother’s milk may be one of several ways that mothers teach their young what foods
are “safe.” Consequently, young animals tend to choose a diet similar to that of their
mothers when faced with their first solid meal. Such flavor learning is adaptive since
these flavors tend to be associated with nutritious foods, or at least the foods the mother
has access to, and hence they will likely be the foods to which young animals will have
the earliest exposure during weaning.

4.5 FLAVOR VARIETY

Another advantage to breastfeeding is that it provides infants with rich and varied
sensory experiences. That is, in contrast to formula-fed infants who become familiar
with only a small set of invariant flavors, breastfed infants have extensive exposure to a
wide range of flavors within their mothers’ milks. As a result of these early and varied
flavor experiences, breastfed infants are more willing to eat similarly flavored foods at
weaning [53, 54], a finding that is consistent with research in a wide variety of mam-
mals [49, 55].

In a recent study [54], breastfed infants showed greater liking of a fruit than did
formula-fed infants, as did their mothers who reported eating more fruits in general when
compared with mothers who formula fed. Similar findings were not observed among
formula-fed infants despite their mothers eating more of a particular food. Although it
remains unknown how much exposure the baby needs to enhance acceptance, our recent
studies indicate that breastfeeding confers an advantage on initial acceptance of a food,
but only if mothers eat the food regularly. Such flavor experiences during breastfeeding
may serve to reduce food neophobia over the long term. In a study of 192, 7-year-old
children, researchers found that girls who were breastfed for at least 6 months were less
likely to be picky eaters [56]. One explanation for these findings is that breastfeeding
provided varied sensory experiences, which in turn enhanced children’s acceptance of
a variety of flavors. In other words, exposure to flavor variety during breastfeeding may
represent an important adaptive mechanism that facilitates food acceptance and diet
diversity throughout life.

The importance of exposing infants to a variety of flavor experiences at weaning
has been demonstrated experimentally [57, 58]. However, whether the experience with
variety modified acceptance of a food depended on the flavors of foods experienced, and
whether the novel food was a fruit or vegetable. Those infants who were fed a variety
of vegetables that differed in taste, smell and texture subsequently ingested more of an
orange vegetable (i.e., carrots) and a novel meat (i.e., chicken) after a 9-day exposure
period when compared with those infants who were exposed to another vegetable (i.e.,
potatoes) [57]. Similarly, infants repeatedly fed a variety of fruits were more accepting
of a novel fruit. However, the preference that developed appeared to be specific to the
flavors experienced, since repeated exposure to a variety of fruits did not modify accept-
ance of a green vegetable [58]. Since flavor variety is often related to greater variety in
the nutritive content of foods, preferences for varied flavors should ultimately enhance
the range of nutrients consumed and thus increase the likelihood that a well-balanced
diet is achieved. In this manner, the variety effect may reflect an important adaptive
mechanism in the regulation of food intake.
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4.6 LONG-TERM CONSEQUENCES OF EARLY FLAVOR LEARNING

Significant traces of the effects of early feeding experiences may remain as children
age. In an 8-year longitudinal study of 70 white mother—child dyads living in Tennessee
[59], interviews were conducted to determine whether food-related experiences at 2-24
months predicted dietary variety when children were between the ages of 6-8 years.
Although vegetable variety in school-aged children was weakly correlated with moth-
ers’ vegetable preferences, 25% of the variance in school-aged children’s fruit variety
was predicted by breastfeeding duration and early fruit variety experience. Similar find-
ings were reported in another longitudinal study from France [60] and a retrospective
survey study conducted in England [61]. It is important to note that much of the research
showing relationships between food habits in childhood and later in life are correla-
tional in nature and consequently inconclusive regarding cause and effect relationships.
The generality of such findings may be limited since all tested children were from pre-
dominately white, middle-class families. Moreover, it is possible that other important
variables, such as genetic differences in taste (e.g., bitter) sensitivity, may contribute to
individual differences in food preferences [62].

4.7 CONCLUSION

Over the course of pregnancy and lactation, a variety of factors interact to determine
the food choices of mothers. While many of their food choices are driven by internal
factors such as cravings and aversions, others may be influenced by environmental fac-
tors such as their cultural food practices and beliefs. Regardless of why women consume
particular foods during pregnancy, emerging evidence reveals that such food choices can
be detected by the fetus and young infant because of flavor changes in amniotic fluid
and mother’s milk. Although more research is needed to understand the mechanisms
involved in early flavor learning, repeated exposure to flavors in amniotic fluid, moth-
ers’ milk, as well as to actual foods familiarizes infants to a wide range of flavors that
influence their acceptance of foods and flavors at weaning. In other words, pre- and
early-postnatal exposure, at the least, predisposes the young infant to accept the now-
familiar flavor and facilitates the transition from fetal life through the breastfeeding
period to the initiation of a varied solid food diet.

To be sure, many continue to learn and develop preferences for flavors and foods
experienced later in life. The data reviewed in this chapter reveal that the development
of preferences for culture-specific flavors has its beginnings during gestation and breast-
feeding. It is the first, but not the only, way in which children learn about what foods
are acceptable and preferred by their mothers. Strong adherence to cultural practices
and beliefs during pregnancy, lactation and early childhood, helps to ensure that their
children will learn to appreciate and prefer the flavors typical of their culture and will
in turn pass on these cherished food practices to the next generation.
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5 Obesity and Pregnancy

Sarah C. Couch and Richard ]. Deckelbaum

Summary Obesity in pregnancy is associated with numerous maternal and neonatal
complications including difficulty conceiving, increased risk of miscarriage, fetal
anomalies and mortality, higher rates of gestational hypertension, gestational diabetes
and preeclampsia, and an increased risk of cesarean section and delivery related com-
plications. Nevertheless, more women are entering pregnancy with excessive weight
and are gaining weight above the Institute of Medicine (IOM) recommendations during
pregnancy. Weight loss is not recommended during pregnancy; however, overweight and
obese women should be advised to aim for a moderate weight loss prior to conception and
during the postpartum period. Strategies for achieving moderate pregestational and post-
partum weight loss include a low-calorie, low-fat diet and at least 45 min of daily physical
activity. Benefits to mother and child are achieved with even a moderate weight loss.
Importantly, health care professionals should counsel women on gaining an appropriate
amount of weight during pregnancy. More research is needed on effective intervention
approaches to promote optimal weight status before and after pregnancy and to support
optimal weight gain during pregnancy.

Keywords: Obesity, Overweight, Pregnancy, Gestational weight gain, Maternal and
neonatal complications, Weight management strategies

5.1 INTRODUCTION

The prevalence of overweight and obesity in the United States has reached epidemic
proportions. Nearly two thirds of adults >20 years of age have a body mass index (BMI)
>25kg/m? and are considered overweight; of these, a third have a BMI > 30kg/m? and
are considered obese [1]. From 1999 to 2002, 29.1% of women of childbearing age (20-39
years) were obese, with the highest prevalence in non-Hispanic black women (49%),
followed by Mexican-American (38.9%) and non-Hispanic white women (31.3%) [1].
Notably, more women are entering pregnancy with excess weight. Recent US data
collected from nine states from the Pregnancy Risk Assessment Monitoring System
showed a 69% increase in prepregnancy obesity from 1993 to 2003 [2]. These alarming
statistics raise questions regarding the potential health implications of pregestational
obesity for both mother and infant. This chapter defines overweight and obesity in preg-
nancy and examines the short- and long-term risks associated with excessive weight for
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women during the childbearing years. Current recommendations for gestational weight
gain for overweight women will be examined from the standpoint of adherence and
complications resulting from poor compliance to guidelines. Finally, weight manage-
ment strategies will be discussed and recommendations provided for use by the obste-
trician in counseling women regarding achieving a healthy weight and rate of weight
change before, during, and after pregnancy.

5.2 OBESITY: DEFINITION

BMI is considered the gold standard when determining weight status, and provides
the basis for current weight gain recommendations from the IOM. It is calculated by
dividing weight in kilograms by height in meters squared. BMI is not valid while preg-
nant, and so should be measured pre- and postgestation. In the case where pregesta-
tional weight is unknown, the first weight measured at prenatal clinic is generally
used to calculate prepregnancy BMI [3]. Pregestation and postpartum obesity is most
commonly defined according to the World Health Organization’s (WHO) definition:
underweight, BMI < 18.5kg/m? normal weight, BMI = 18.5-24.9kg/m?; overweight,
BMI = 25-29.9kg/m?; and obese, BMI > 30kg/m? [4]. Less often, obesity is defined
using the exact weight in kilograms or pounds. Since the definition of obesity is often
not consistent in studies using absolute weight rather than BMI, this review focuses on
those studies using weight classification based on BMI.

5.3 CONSEQUENCES OF PREGESTATIONAL OBESITY

5.3.1 Infertility and Risk of Miscarriage

Adverse effects of obesity on natural conception and assisted reproductive therapy
in women are well documented in the literature [5—8] (see Table 5.1). For example,
Rich-Edwards et al. [7] found that, among ~2,500 married, infertile nurses, those with
pregestational obesity experienced more frequent anovulation and had longer mean time
to pregnancy than did normal-weight women. Also, higher rates of early miscarriage
have been found among obese women as compared with women of normal weight. In
a case-control study of 1,644 obese women compared with 3,288 normal weight, age-
matched controls, Lashen et al. [9] found an increase risk of first trimester and recurrent
miscarriage associated with pregestational obesity. Similarly, a Swedish population—
based cohort study of over 800,000 women showed that obesity was associated with a
twofold greater risk of spontaneous abortion compared with normal weight mothers [10].

Table 5.1

Potential Reasons for Infertility in Obese Women

Menstrual irregularities

Hyperandrogenism

Oligo-/amenorrhea

Chronic anovulation

Decreased conception rates after assisted reproductive techniques
Increased risk of miscarriage
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In overweight women conceiving after in vitro fertilization (IVF) or intracytoplasmic
sperm injection, miscarriage rate is also reportedly higher in obese compared with lean or
average weight women. A systematic review of the literature by Maheshwari et al. [11]
found that when compared with women with a BMI < 25 kg/m?, women with a BMI >
25kg/m? had a 29% lower likelihood of pregnancy and a 33% higher risk of miscarriage
following IVF. In this same study, obese women were found to have a reduced number
of oocytes retrieved despite requiring higher doses of gonadotropins. Mechanisms for
the relationship between obesity and infertility are unknown. Suggested roles of hyper-
androgenism, insulin resistance, high leptin levels, and polycystic ovarian syndrome are
currently under investigation [12]. Regardless of mechanism, these data suggest that obesity
may delay or prevent conception in women who want to become pregnant. Of some
consolation, weight loss before infertility therapy may improve a women’s likelihood of
conceiving. Notably, over adozen studies have documented improvement in reproductive
parameters and fertility outcome following moderate weight loss [13-24].

5.3.2 Neural Tube Defects and Congenital Malformations

Several reports suggest an increased risk of congenital malformations, particularly
neural tube defects (NTD), for infants born to obese mothers [25-28]. In a case-control
study by Waller et al. [25] of 499 mothers of infants with NTDs, 337 mothers of infants
with other major birth defects and 534 mothers of infants without birth defects (n = 534),
women who were obese before pregnancy (BMI > 31kg/m?) were significantly more
likely to have an infant with an NTD, e.g., spina bifida, compared with normal weight
mothers. Results were adjusted for age, race, education, and family income. In a com-
parison of 604 fetuses and infants with NTDs and 1,658 fetuses and infants with other
major malformations, Werler et al. [26] found a significant association between NTD
and maternal pregestational weight, independent of folic acid intake. Ray et al. [27]
examined antenatal maternal screening data from over 400,000 women in Canada to
determine whether the risk of NTDs was lower after flour fortification with folic acid.
Surprisingly, these researchers found that before fortification, greater maternal weight
was associated with a modest increase risk in NTD (OR 1.4, 95% CI 1.0-1.8); after
flour fortification, the risk actually increased (OR 2.8, 95% CI 1.2-6.6). While these
results do not preclude folic acid supplementation as a means of reducing risk of NTDs
in overweight and obese women, they do raise questions about the potential for adverse
effects of excessive pregestational weight on folic acid bioavailability/metabolism in
mother and fetus. Research is needed to examine these effects and to determine whether
obese women may benefit from higher doses of folic acid, as recommended in mothers
with diabetes [3].

Several other malformations have been associated with maternal obesity including
defects of the heart, central nervous system, ventral wall, and other intestinal defects
[25] (Table 5.2). Because higher risk of these same congenital anomalies often occurs
with pregestational diabetes, the question is often raised as to whether undiagnosed
type 2 diabetes mellitus could be the underlying cause. To rule out this factor, early and
repeat screening for diabetes should be considered for women entering pregnancy with
excessive weight.

Importantly, significant impairment of sonographic visualization of the fetal anatomy
has also been reported in obese women. Hendler et al. [29] reported a decrease in visualization
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Table 5.2
Possible Maternal and Fetal Complications Associated with Obesity
in Pregnancy

Prior to pregnancy and early gestation
Infertility
Miscarriage
Neural tube defects
Heart and craniospinal defects
Ventral wall and other intestinal defects

Late gestation

Chronic hypertension
Gestational diabetes
Thromboembolic disease

Labor and delivery

Increased incidence of cesarean section
Increase incidence of preterm labor
Postsurgical wound infection

Poor lactation outcomes

Neonatal

Neonatal death
Macrosomia
Shoulder dystocia/birth trauma

of fetal organs in obese versus nonobese women that was most marked for cardiac and
craniospinal structures. Advancing gestation is the best predictor of visualization of fetal
abnormalities in nonobese women, while among obese women Wolfe et al. [30] found
no improvement with advancing gestation or duration of the examination. As this obese
population is at higher risk of fetal abnormalities, this is cause for concern. At the very
least, the use of advanced ultrasound equipment for these women, with anomaly scans
done by an ultrasonographer with an appropriate level of expertise should be routinely
recommended.

5.3.3 Preeclampsia and Gestational Diabetes

While the normal pregnancy is characterized by maternal hemodynamic changes and
an insulin resistant state, obesity in pregnancy appears to complicate these expected physi-
ological adaptations to pregnancy. Accordingly, the risk for hypertensive disorders and
gestational diabetes (GDM) is reportedly higher in obese and morbidly obese women
compared to women who are not obese. In a prospective, multicenter study of more than
16,000 women, Weiss et al. [31] observed a 2.5-fold greater risk of gestational hypertension,
and a 2.6-fold greater risk of GDM among obese versus nonobese women. Risk for these
conditions was even greater in a morbidly obese subset, e.g., 3.2- and 4-fold respectively.
Similarly, these researchers found the risk for developing preeclampsia was 1.6 and 3.3
times more likely to develop in obese and morbidly obese women, respectively. Results
from this study have been confirmed by others [32, 33] and found to be independent of
other related factors including age, parity, ethnicity, and family history of chronic diseases.
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Frequently, GDM and preeclampsia go hand in hand. Several studies suggest that
obesity may be at the “metabolic core” of these conditions. For example, regardless of
treatment type or degree of glucose control, Yogev et al. [34] reported that the risk for
developing preeclampsiain women with GDM was significantly greaterin obese (10.8%)
versus normal weight women (8.2%). Notably, in this study the risk of preeclampsia
escalated in obese women with poor glucose control (14.9%), suggesting that tighter
glucose control in women with GDM may decrease risk. Barden et al. [35] found that
late-onset preeclampsia in women with GDM was more likely to develop in women who
were not only obese but had preexisting hypertension, more severe insulin resistance,
subclinical inflammation, and a family history of diabetes and hypertension. Similar to
the “metabolic syndrome” in the nonpregnant state, this clustering of risk factors suggests
that obese women with GDM and preeclampsia may be at greater risk for cardiovascular
disease and type 2 diabetes in later life.

In clinical practice, consideration should be given to screening obese women for
GDM and hypertension as soon as possible, preferably upon presentation or during the
first trimester. Screening for these conditions should be repeated later in pregnancy if
the initial results are negative. Importantly, postpartum follow-up should include advice
on achieving a healthful weight and modifying cardiovascular risk factors if they
are present.

5.3.4 Thromboembolic Complications

In the United States, thromboembolic disease is the leading cause of death in pregnant
women [36]. Obesity is a documented risk factor for thromboembolism in pregnancy.
As evidence, in a retrospective study [37] comparing 683 obese women with 660
normal weight women (all had singleton live births), the risk of thromboembolic disease
was twofold greater among obese versus normal weight women. The risk of developing
thromboembolic disease is increased for about 6—8 weeks after delivery and is much
greater after a cesarean section than after vaginal delivery [36]. Postpartum heparin
therapy is often recommended for patients thought to be at high risk for venous throm-
boembolism [38]. Also, obese pregnant women may warrant prophylaxis measures
against venous thromboembolism, such as compression stockings or heparin therapy,
especially if exposed to other risk factors (e.g., bed rest).

5.3.5 Preterm Delivery, Cesarean Section, and Operative Complications

Obesity has been independently associated with an increased risk of a number of
obstetric complications including preterm delivery, cesarean section, and post—cesarean
section infectious morbidity. With respect to preterm delivery, BMI on both ends of
the weight spectrum, e.g., BMI > 40kg/m? and BMI <18.5kg/m?, has been observed to
increase risk of preterm delivery in comparison to normal BMI (18.5-24.5kg/m?). In
the multicenter study of Weiss et al [31], morbidly obese women had a 1.5 times greater
risk of preterm delivery in comparison with a normal weight control group; underweight
women had a 6.7-fold greater risk. Preterm delivery, particularly before 32 weeks
gestation, is cause for concern, because it places the infant at increased risk of morbidity
and mortality [39]. Reasons for the greater risk of preterm delivery in underweight and
obese women may differ and have not been clearly defined. In obese women, underlying
medical and obstetric issues may be the dominant cause.
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Cesarean section rates are higher among obese women compared to nonobese women.
In Washington State, Baeten et al. [40] examined delivery data from over 96,000
mother—infant pairs. These researchers found that obese women had nearly a threefold
greater risk of having a cesarean section than women who were not obese. After adjusting
for gestational hypertension, GDM, and preeclampsia, the risk decreased nominally,
to 2.7-fold. In another study, Brost et al. [41] found that for each 1-kg/m? increase in
prepregnancy BMI, the odds of having a cesarean section increased by 7%. Obesity is
associated with areduced likelihood of vaginal birth after cesarean section (VBAC) [42],
and a lower success rate for VBAC compared with normal weight women (68 versus
79.9%, respectively [42,43]). Operative and postoperative complications associated with
cesarean surgery in obese women, especially the morbidly obese, are many including
greater risk of excessive blood loss, prolonged operative time, higher rates of anesthesia,
difficulty placing regional anesthesia, and greater risk of wound infection compared
to nonobese women who have had a cesarean section. [41] Given this litany, it is not
surprising that postoperative hospital stay is reportedly longer and delivery associated
medical costs higher in obese versus nonobese women [12].

5.3.6 Macrosomia, Shoulder Dystocia, and Fetal Death

Several large US population—based cohort studies have shown a significant relation-
ship between pregestational BMI and macrosomia, which is defined as a birth weight
>4,000 g or above the 90th percentile [40, 44—46]. Risk for having a macrosomic infant
appears to increase in mothers with degree of excess weight. For example, in the mul-
ticenter study by Weiss et al. [31], the incidence of macrosomia was 8.3% in nonobese
women, 13.3% in obese women, and 14.6% in morbidly obese women. In the study by
Baeten et al. [40], the odds of having a macrosomic infant were 1.2 in women who were
normal weight, 1.5 in women who were overweight, and 2.1 in women who were obese.
The analysis excluded women with chronic hypertension, pregestational and gestational
diabetes, and preeclampsia. National and international trends in North America [47] and
Europe [48, 49] report an increase in incidence of large for gestational age infants, and
implicate rising trends in maternal obesity and diabetes, and declining trends in maternal
smoking as causal factors.

Macrosomia is a well-established risk factor for shoulder dystocia and birth trauma.
The risk is directly related to birth weight and increases substantially with birth weight
>4,500g. Injury to the brachial plexus is reportedly rare but increases substantially
(tenfold) with birth weights >4,500 g [50]. Bassaw et al. [51] conducted a 9-year review
of over 100 cases of shoulder dystocia from among ~47,000 vaginal deliveries. As
compared with infants weighing between 3,500 and 3,999 g, these researchers found a
2.2% higher frequency of shoulder dystocia in infants weighing 4,000—4,499 g at birth.
The frequency of shoulder dystocia increased by 7.1% with birth weights >4,500 g.
Obesity was the most important identifiable predisposing factor for shoulder dystocia
and occurred in 35.9%.

Risk for late-gestation fetal demise is also greater among obese women compared
with their normal weight counterparts. Population-based studies in England [44], Sweden
[52], Norway [53], and Canada [54] showed a significant relationship between obesity
and risk of late fetal death (stillbirth occurring after 28 weeks of gestation) even after
adjusting for gestational diabetes, gestational hypertension, preeclampsia, maternal age,
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and parity. Given the dire consequences of pregestational obesity, intervention strategies
for helping women achieve a healthy prepregnant BMI are urgently needed.

5.4 WEIGHT GAIN RECOMMENDATIONS AND CONSEQUENCES
OF NONCOMPLIANCE

In 1990, the IOM issued recommendations for weight gain during pregnancy based
on prepregnancy weight status [3]. The goal of these recommendations was to
optimize neonatal birth weight to between 3 and 4kg and prevent the morbidity and
mortality associated with low birth weight (LBW). According to these recommenda-
tions, an underweight woman (based on WHO BMI criteria above) should gain 28—401b
(12.5-18kg), a normal weight woman should gain 25-351b (11.5-16kg), an overweight
woman should gain 15-251b (7-11.5kg), and an obese woman should gain less than or
equal to 151b (7kg). Recently, these recommendations have been criticized for being too
liberal and not making allowances for women who gain excessive amounts of weight
during pregnancy.

Evidence is mounting that significant numbers of women, particularly overweight and
obese women, are not adhering to IOM guidelines. In an investigation of over 120,000
women enrolled in Women, Infants, and Children (WIC) clinics over a 6-year period,
Schieve et al. [55] found that the percentage of women reporting a pregnancy weight
gain greater than the IOM recommendations increased significantly from 41.5 to 43.7%.
In 2005, Jain et al. [56] examined data from the New Jersey Pregnancy Risk Assessment
Monitoring System (7 =7,661) and found that nearly 64% of overweight women and 78 %
of obese women were noncompliant with IOM recommendations (e.g., overgained).

This lack of adherence to weight gain recommendations during pregnancy should be
cause for concern. Excessive gestational weight gain has been shown to be a risk factor
for maternal and neonatal complications, independent of prepregnancy BMI. For example,
among the 7661 pregnant women in New Jersey examined by Jain et al. [56], women
who gained greater than 351b during pregnancy increased their risk of macrosomia and
delivery by cesarean section by 60-180% and had lower rates of breastfeeding by 30%.
In another study, Hilson et al. [57] showed that mothers who exceeded IOM weight
gain recommendations failed to initiate and/or sustain breastfeeding in all categories of
prepregnancy BMI.

Excessive gestational weight gain may lead to child adiposity. In a recent prospective
study of over 1,000 mother—child pairs, mothers with greater gestational weight gain
had children with greater BMI and skin fold thicknesses (triceps and subscapular) at 3
years of age [58]. This association was independent of parental BMI, maternal glucose
intolerance, breastfeeding duration, gestational age at delivery, and birth weight.
Children of mothers who gained more weight also had higher systolic blood pressure,
a cardiovascular risk factor that has been shown to track into adulthood.

Poor adherence to weight gain recommendations may also have serious ramifications
for a woman'’s health in midlife. Weight gain during pregnancy, weight loss at 6 months
postpartum, and prepregnancy BMI all predicted BMI 15 years later [59]. Data from
the National Maternal and Infant Health Survey showed that among the women who
gained more than the recommended weight during pregnancy, greater than 30% retained
an average of 2.5kg at 10—18 months postpartum as opposed to retention of 1 kg among



74 Part II / Nutrient Needs and Factors Related to High-Risk Pregnancy

women who gained at the recommended level [60]. In a longer-term study, Rooney
et al. [61] followed 540 women for ~8 years after childbirth and found that women
who gained more than the IOM recommended weight during pregnancy retained 2kg
above their prepregnancy weight more at 8 years postpartum compared with those who
complied with weight guidelines. These researchers also showed that at the mean age
of 42 years, obese women weighed 34 1b more than when they became pregnant. Given
that obesity is a risk factor for chronic diseases, these findings suggest that interventions
are needed to improve adherence to IOM recommendations and to help women achieve
a healthful weight postpartum.

5.5 MANAGEMENT

5.5.1 Weight Loss Strategies for Prepregnancy and Postpartum

Weight loss is not recommended during pregnancy; however, overweight and obese
women should be advised to aim for a moderate weight loss prior to conception and
postpartum. To help motivate women in their efforts, health care providers and obstetri-
cians should clearly define the risks associated with overweight and obesity in preg-
nancy and beyond. Consultation with a registered dietitian (RD) should be considered,
as these individuals can provide assistance in the assessment of current eating habits
and in formulating approaches for healthful weight reduction. Varieties of approaches
exist for the management of overweight and obesity among women. These have been
reviewed in Chap. 13 (“Popular Diets”). For women who are overweight or obese, the
American Dietetic Association recommends a low-calorie (1,000-1,500kcal/day), low-
fat (25-30% of energy) diet with generous amounts of protein (15-25% of energy), and
regular exercise as a first-line approach [62]. The rate of weight loss recommended is
no more than 1.5 to 21b per week; this equates to a calorie deficit of 750—1,000 kcal/day.
During the postpartum period, a slower rate of weight loss is advised for breastfeeding
women (no more than 11b per week) to ensure adequate energy intake to support lacta-
tion [63]. The physical activity goal to lose weight and maintain a healthy weight after
weight loss is at least 45 min of moderate physical activity [64, 65]. As reported in most
weight-loss studies, self-monitoring of food intake has been significantly associated
with weight loss [62]. Women are likely to benefit from consistent support and advice
from health care professionals. As data from numerous weight loss studies will attest,
significant long-term weight loss is difficult to achieve and maintain [66]. However,
even a moderate degree of weight loss of 101b can reduce the risk of GDM among obese
women [67, 68]. Encouraging breastfeeding postpartum can help weight loss efforts
after delivery. Twelve weeks of breastfeeding was associated with lower BMI later in
life [59].

5.5.2 Considerations for Bariatric Surgery

Given the growing number of women with severe obesity, it is not surprising that
the number of women who are seeking extreme measures to lose weight, e.g., bariatric
surgery, is increasing. As discussed in detail in Chap. 6 (‘“Pregnancy and Weight Loss
Surgery”), surgical interventions to lose weight, unless expertly planned, are not without
potential consequences for mother and infant. In addition to promoting weight loss,
malabsorptive type surgeries such as gastric bypass have resulted in suboptimal maternal
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absorption of calcium, iron, folic acid, and vitamin B , [69]. While these surgeries have
had a positive impact on reducing maternal risk for GDM and hypertensive disorders,
case reports of intrauterine growth restriction, premature birth, and NTDs have been
described [70]. Because of these limitations, the laparoscopic adjustable gastric banding
procedure is being used more frequently as a means of restricting stomach volume,
decreasing intake, and promoting weight loss [71]. The adjustability of banding also
allows for adaptations to altered requirements of pregnancy. Early reports on follow-up
of pregnant women who have had this type of procedure are encouraging and indicate
reduced risk of malabsorption, GDM, gestational hypertension, and preterm deliveries [71].
To ensure optimal pregnancy outcome and minimize maternal and fetal risks, the American
College of Obstetricians and Gynecologists recommends that women delay pregnancy
for 12-18 months after surgery to avoid pregnancy during the rapid weight loss phase
[67]. Vitamin supplementation is also advised if nutritional deficiencies occur.

5.5.3 Improving Compliance to IOM Recommendations

In 2000, Abrams et al. [72] conducted a systematic review of available observational
data published between 1990 and 1997 on weight gain and maternal and fetal outcomes.
Not surprising, this review showed that pregnancy weight gain within the IOM recom-
mended range was associated with the best outcome for both mothers and infants. However,
this review also found that most women were noncompliant with these guidelines; many
women were gaining excessive amounts of weight. Researchers speculated many reasons
for these findings, including environmental temptations, inactivity, and prepregnancy
restrictive dieting. They also reported that many women were not given appropriate
targets for weight gain. The Women and Infants Starting Healthy study also found that
from pregnant women studied in the San Francisco Bay area (excluding women with
preterm birth, multiple gestation, or maternal diabetes), 50% of obese women were
given advice by their physician to overgain, 35% of underweight women were given
advice to undergain, and 87% of women with normal weight were given advice to gain
an appropriate amount of weight [73]. The proportion of women who received no advice
at all was 33%. This suggests that some providers are not aware of BMI-specific weight
gain guidelines and may be advising all women to gain within the same range. Greater
public health efforts should be made to ensure that all clinicians and pregnant women
are educated on appropriate weight gain targets in pregnancy. In clinical practice, pre-
pregnancy BMI should be ideally recorded at the first visit in the first trimester, followed
by regular monitoring of gestational weight gain throughout pregnancy. An appropriate
care plan should be developed and implemented should rate of weight gain veer signifi-
cantly from established guidelines.

5.5.4 Successful Interventions

So what works to control excessive weight gain in pregnancy? Unfortunately, few
studies have been done to answer this question. A Medline search using the keywords
pregnancy, intervention, weight gain, revealed three intervention trials for healthy
pregnant women in this area. The most recent study [74] investigated whether indi-
vidual counseling on diet and physical activity during pregnancy could increase diet
quality and leisure time physical activity and prevent excessive weight gain among
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healthy pregnant primiparas. The study was conducted in six maternity clinics in Fin-
land. Women in the treatment group received one 30-min counseling session on diet and
physical activity and three 10-min booster sessions on the same until the 37th gesta-
tion week. Weight gain, diet, and physical activity guidelines appropriate for pregnancy
were recommended as part of counseling. The control group received standard mater-
nity care. Results showed that, while participants in the treatment group improved diet
quality compared to standard care, the more extensive counseling was unable to prevent
excessive gestational weight gain. A similar study conducted in Pennsylvania [74] com-
pared a behavioral nutrition intervention with standard hospital-based care for women
during pregnancy. Women (BMI > 19.8kg/m?) assigned to the behavioral intervention
received written material on weight gain guidelines, exercise, and a healthy diet plan for
pregnancy. Women were weighed monthly, and if weight gain was within established
limits for stage of pregnancy, then positive feedback was given. If weight gain was
outside of limits, additional nutrition information and behavioral counseling was pro-
vided. The control group received written material on healthy diet planning during preg-
nancy. Results showed that normal-weight women who participated in the intervention
group were more successful than controls were in keeping weight within recommended
limits. However, overweight women in both groups overgained (~75% per group). In
a third trial, Olson et al. [75] compared weight gain in women who participated in a
mail-based nutrition education intervention versus those who did not participate. The
intervention group was mailed materials including weight gain guidelines, healthy diet
planning, and appropriate exercises for pregnancy. Controls received no mailed materi-
als. Results showed that the number of women who overgained did not differ between
groups; however, low-income women, regardless of prepregnancy weight, were more

Table 5.3
Recommendations to Reduce Risks Associated with Pregestational and Postpartum Obesity and
Excess Weight Gain in Pregnancy

Prepregnancy

* Counsel women regarding the maternal and fetal risks associated with overweight and
obesity in pregnancy

* Provide guidance on healthy eating and exercise habits as part of routine care; if over-
weight or obese, referral to a registered dietitian is encouraged

* Counsel women to quit smoking, avoid alcohol, and consume adequate calcium, iron, and
folic acid

* Screen for diabetes and hypertension

Prenatal

* Discuss recommended weight gain based on BMI
* Provide support and advice if rate of weight gain is outside suggested limits
* Screen for gestational diabetes and monitor blood pressure

Postpartum

* Provide guidance on healthy eating and exercise habits to help women return to healthy
weight
* Encourage breastfeeding
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likely to stay within weight gain limits as a result of the intervention. Although lim-
ited, results from these studies suggest that for normal weight and low-income women,
low-intensity nutrition education programs may assist them in adhering to IOM weight
gain recommendations. For overweight and obese women, more intensive behavioral
nutrition interventions may be necessary to improved compliance.

5.6 CONCLUSION

As rates of obesity escalate, more women are entering pregnancy obese and gaining
weight above established recommendations. Excess weight in pregnancy can adversely
affect both mother and infant. Limited data are available on successful approaches to
improve compliance to established weight gain recommendations. Importantly, women
should be provided with appropriate resources and support from health care profession-
als to achieve a healthy weight before conception, maintain a healthy rate of weight gain
during pregnancy, and attain a healthy BMI postpartum. Table 5.3 summarizes consid-
erations for healthcare professionals regarding obesity and pregnancy.

REFERENCES

1. Hedley AA, Ogden CL, Johnson DI, Carroll MD, Curin LR, Flegal KM (2004) Prevalence of overweight
and obesity among US children, adolescents, and adults, 1999-2002. ] Am Med Assoc 291:2847-2850

2. Kim SY, Dietz PM, England L, Morrow B, Callaghan WM (2007)Trends in prepregnancy obesity in
nine states, 1993-2003. Obesity 25:986-993

3. Institute of Medicine (1990) Nutrition During Pregnancy. Part I. Weight Gain. Part II. Dietary Sup-
plements. Committee on Nutritional Status during Pregnancy and Lactation. National Academy Press,
Washington, D.C.

4. World Health Organization (1997) Obesity: preventing and managing the global epidemic. Report
of a WHO consultation presented at the World Health Organization: 3-5 June, Geneva, Switzerland.
Publication WHO/NUT/NCD/98.1

5. Lake JK, Power C, Cole TJ (1997) Women’s reproductive health: the role of body mass index in early
and adult life. Int Obes Rel Metab Disord 21:432-438

6. Foreyt JP, Poston WS (1998) Obesity: a never-ending cycle? Int J Fertil Womens Med 43:111-116

7. Rich-Edwards JW, Manson JE, Goldman MD (1992) Body mass index at age 18 years and the risk of
subsequent ovulatory infertility. Am J Epidemiol 5:247-250

8. Howe G, Westhoof C, Vessey M, Yeates D (1985) Effects of age, cigarette smoking, and other factors
on fertility: findings in a large prospective study. Br Med J 290:1697-1700

9. Lashen H, Fear K, Sturdee DW (2004) Obesity is associated with increased risk of first trimester and
recurrent miscarriage: matched case control study. Hum Reprod 19:1644-1646

10. Cedergren MI (2004) Maternal morbid obesity and the risk of adverse pregnancy outcome. Obstet
Gynecol 103:219-224

11. Maheshwari A, Stofberg 1, Bhattacharya S (2007) Effect of overweight and obesity on assisted
reproductive technology—a systematic review. Hum Reprod Update 13:433-434

12. Sarwer DB, Allison KC, Gibbons LM, Markowitz JT, Nelson DB (2006) Pregnancy and obesity:
A review and agenda for future research. ] Womens Health 15:720-733

13. Guzick DS, Wing R, Smith D, Berga SL, Winters SJ (1994) Endocrine consequences of weight loss in
obese, hyperandrogenic, anovulatory women. Fertil Steril 61:598-604

14. Norman RJ, Noakes M, Wu R, Davies MJ, Moran L, Wang JX (2004) Improving reproductive
performance in overweight/obese women with effective weight management. Hum Reprod Update
10:267-280

15. Grenman S, Ronnemaa T, Irjala K, Kaihola HL, Gronroos M (1986) Sex steroid, gonadotropin, cortisol,
and prolactin levels in healthy, massively obese women: Correlation with abdominal fat cell size and
effect of weight reduction. J Clin Endocrinol Metab 63:1257-1261



78

Part II / Nutrient Needs and Factors Related to High-Risk Pregnancy

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Moran LJ, Norman RJ (2002) The obese patient with infertility: a practical approach to diagnosis and
treatment. Nutr Clin Care 5:290-97

Stamets K, Taylor DS, Kunselman A, Demers LM, Pelkman CL, Legro RS (2004) A randomized trial
of the effects of two types of short term hypocaloric diets on weight loss in women with polycystic
ovary syndrome. Fertil Steril 81:630-637

Clark AM, Thornley B, Tomlinson L, Galletley C, Norman RJ (1998) Weight loss in obese, infertile
women results in improvement in reproductive outcome for all forms of fertility treatment. Hum Reprod
13:1502-1505

Bates GW, Whitworth NS (1982) Effect of body weight reduction on plasma androgens in obese,
infertile women. Fertil Steril 38:406—409

Kiddy DS, Hamilton-Fairley D, Bush A (1992) Improvement in endocrine and ovarian function during
dietary treatment of obese women with polycystic ovary syndrome. Clin Endocrinol 36:105-111
Jones GE, Nalley WB (1959) Amenorrhea: a review of etiology and treatment in 350 patients. Fertil
Steril 10:461-479

Hollmann M, Runnebaum B, Gerhard I (1996) Effects of weight loss on the hormonal profile in obese,
infertile women. Hum Reprod 11:1884-1891

Pasquali R, Anenucci D, Casimirri F (1989) Clinical and hormonal characteristics on obese amenor-
rheic hyperandrogenic women before and after weight loss. J Clin Endocrinol Metab 68:173-179
Crosignani PG, Colombo M, Vegetti W, Somigliana E, Gessati A, Ragni G (2003) Overweight and
obese anovulatory patients with polycystic ovaries: parallel improvements in anthropometric indices,
ovarian physiology and fertility rate induced by diet. Hum Reprod 18:1928-1932

Waller DK, Mills JL, Simpson JL, Cunningham, GC, Conley MR, Lassman MR (1994) Are obese
women at higher risk for producing malformed offspring? Am J Obstet Gyncol 170:541-548

Werler MM, Louik C, Shapiro S, Mitchell AA (1996) Prepregnant weight in relation to risk of neural
tube defects. ] Am Med Assoc 275:1089-1092

Ray JG, Wyatt PR, Vermeulen MJ, Meier C, Cole DE (2005) Greater maternal weight and the ongoing
risk of neural tube defects after folic acid flour fortification. Obstet Gynecol 105:261-265

Watkins ML, Rasmussen SA, Honein MA, Botto LD, Moore CA (2003) Maternal obesity and risk for
birth defects. Pediatrics 111:1152-1158

Hendler I, Blackwell SC, Bujold E (2004) The impact of maternal obesity on midtrimester sonographic
visualization of fetal cardiac and craniospinal structures. Int J Obes Relat Metab Disord 28:1607-1611
Wolfe HM, Gross TL, Sokol RJ (1990) Maternal obesity: a potential source of error in sonographic
prenatal diagnosis. Obstet Gynecol 76:339-342

Weiss JL, Malone FD, Emig D, Ball RH, Nyberg DA, Comstock CH (2004) Obesity, obstetric com-
plications and cesarean delivery rate—a population-based screening study. Am J Obstet Gynecol
190:1091-1097

Xiong X, Saunders LD, Wang FL, Demianczuk NN (2001) Gestational diabetes mellitus: prevalence,
risk factors, maternal and infant outcomes. Int J Gynecol Obstet 75:221-228

O’Brien TE, Ray JG, Chan WS (2003) Maternal body mass index and the risk of preeclampsia: a
systematic overview. Epidemiology 14:368-374

Yogev Y, Xenakis EM, Langer O (2004) The association between preeclampsia and the severity of
gestational diabetes: the impact of glycemic control. Am J Obstet Gynecol 191:1655-1660

Barden A, Singh R, Walters BN, Ritchie J, Roberman B, Beilin LJ (2004) Factors predisposing to
preeclampsia in women with gestational diabetes. J Hyperten 22:2371-2378

Colman-Brochu S (2004) Deep vein thrombosis in pregnancy. Am J Matern Child Nurs 29:186-192
Edwards LE, Hellerstedt WL, Alton IR, Story M, Himes JH (1996) Pregnancy complications and birth
outcomes in obese and normal-weight women: effects of gestational weight change. Obstet Gynecol
87:389-394

Bates SM, Greer IA, Hirsh J, Ginsberg JS (2004) Use of antithrombotic agents during pregnancy: the
Seventh ACCP Conference on Antithrombotic and Thrombolytic Therapy. Chest 126:6275-644S
March of Dimes (2002) Nutrition today matters tomorrow: a report of the March of Dimes Task
Force on Nutrition and Optimal Human Development. March of Dimes Fulfillment Center, Wilkes-
Barre, Pa.

Baeten JM, Bukusi EA, Lambe M (2001) Pregnancy complications and outcomes among overweight
and obese nulliparous women. Am J Public Health 91:436-440



Chapter 5 / Obesity and Pregnancy 79

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Brost BC, Goldenberg RL, Mercer BM, Iams JD, Meis PJ, Moawad AH (1997) The Preterm Prediction
Study: association of cesarean delivery with increases in maternal weight and body mass index. Am J
Obstet Gynecol 177:333-337

Juhasz G, Gyamfi C, Gyamfi P, Tocce K, Stone JL (2005) Effect of body mass index and excessive
weight gain on success of vaginal birth after cesarean section. Obstet Gynecol 106:741-746
Chauhan PS, Magann EF, Carroll CS, Berrileaux PS, Scardo JA, Martin JN Jr (2001) Mode of delivery
for the morbidly obese with prior cesarean delivery: vaginal versus repeat cesarean section. Am J Obstet
Gynecol 185:349-354

Sebire NJ, Jolly M, Harris JP, Wadsworth J, Joffe M, Beard RW (2001) Maternal obesity and pregnancy
outcome: a study of 287,213 pregnancies in London. Int J Obes 25:1175-1182

Jensen DM, Damm P, Sorenson B, Molsted-Pedersen L, Westergaard JG, Ovesen P (2003) Pregnancy
outcome and prepregnancy body mass index in 2,459 glucose-tolerant Danish women. Am J Obstet
Gynecol 189:239-244

Galtier-Dereure F, Montpeyroux F, Boulot P, Bringer J, Jaffiol C (1995) Weight excess before pregnancy:
complications and cost. Int J Obes 19:443-449

Ananth CV, Wen SW (2002) Trends in fetal growth among singleton gestations in the United States
and Canada, 1985 through 1998. Semin Perinatol 26:260-267

Surkan PJ, Hsieh CC, Johansson Al, Dickman PW, Cnattingius S (2004) Reasons for increasing trends
in large for gestational age births. Obstet Gynecol 104:720-726

Orskou J, Kesmodel U, Henriksen TB, Secher NJ (2001) An increasing proportion of infants weigh
more than 4,000 grams at birth. Acta Obstet Gynecol Scand 80:931-936

Mehta SH, Blackwell SC, Chadha R, Sokol RJ (2007) Shoulder dystocia and the next delivery: Out-
comes and management. ] Matern Fetal Neonatal Med 20:729-733

Bassaw B, Roopnarinesingh S, Mohammed N, Ali A, Persad H (1992) Shoulder dystocia: an obstetric
nightmare. West Indian Med J 42:158-159

Stephannsson O, Dickman PW, Johansson A, Cnattingius S (2001) Maternal weight, pregnancy weight
gain, and the risk of antepartum stillbirth. Am J Obstet Gynecol 184:463—469

Froen JF, Arnestad M, Frey K, Vege A, Saugstad OD, Stray-Pedersen B (2001) Risk factors for sud-
den intrauterine unexplained death: epidemiologic characteristics of singleton cases in Oslo, Norway
1986-1995. Am J Obstet Gynecol 184:694-702

Huang DY, Usher RH, Kramer MS, Yang H, Morin L, Fretts RC (2000) Determinants of unexplained
antepartum fetal deaths. Obstet Gynecol 95:215-221

Schieve LA, Cogswell ME, Scanlon KS (1998) Trends in pregnancy weight gain within and outside
ranges by the Institute of Medicine in a WIC population. Matern Child Health J 2:111-116

Jain NJ, Denk CE, Kruse LK, Dandolu V (2007) Maternal obesity: can pregnancy weight gain modify
risk of selected adverse pregnancy outcomes? Am J Perinatol 24:291-298

Hilson JA, Rasmussen KM, Kjolhede CL (2006) Excessive weight gain during pregnancy is associated
with earlier termination of breast-feeding among white women. J Nutr 136:140-146

Oken E, Taveras EM, Kleinman KP, Rich-Edwards, JW, Gillman MW (2007) Gestational weight gain
and child adiposity at age 3 years. Am J Obstet Gynecol 196:322.e1-e8

Rooney B, Schauberger CW, Mathiason MA (2005) Impact of perinatal weight change on long-term
obesity and obesity-related illnesses. Obstet Gynecol 106:1349-1356

Keppel KG, Taffel SM (1993) Pregnancy-related weight gain and retention: implications of the 1990
Institute of Medicine guidelines. Am J Public Health. 83:1100-1103

Rooney BL, Schauberger CW (2002) Excess pregnancy weight gain and long-term obesity: one decade
later. Obstet Gynecol 100:245-252

Cummings S, Parham ES, Strain GW (2002) Position of the American Dietetic Association: Weight
management. J] Am Diet Assoc 102:1145-1155

Institute of Medicine (1991) Nutrition during lactation: summary, conclusions and recommendations.
National Academy Press, Washington, D.C.

United States Department of Agriculture, United States Department of Health and Human Services (2000)
Nutrition and your health: dietary guidelines for Americans, 5th ed,. Home and Garden bulletin no. 232
National Institutes of Health (1996) Physical activity and cardiovascular health. NIH Consensus
Development Panel on Physical Activity and Cardiovascular Health. ] Am Med Assoc 276:241-246
(review)



80

Part II / Nutrient Needs and Factors Related to High-Risk Pregnancy

66.

67.

68.

69.

70.
71.

72.

73.

74.

75.

Douketis JD, Macie C, Thabone L, Williamson DF (2005) Systematic review of long-term weight
loss studies in obese adults: clinical significance and applicability to clinical practice. Int J Obes
29:1153-1167

American College of Obstetricians and Gynecologists (2005) Committee opinion paper no. 315. Obesity
in pregnancy. Obstet Gynecol 106:671-675

Glazer NL, Hendrickson AF, Schellenbaum GD, Mueller BA (2004) Weight change and the risk of
gestational diabetes in obese women. Epidemiology 15:733-737

Gurewitsch ED, Smith-Levitin M, Mack J (1996) Pregnancy following gastric bypass surgery for
morbid obesity. Obstet Gynecol 88:658-661

Catalano P (2007) Management of obesity in pregnancy. Obstet Gynecol 109:419-33

Dixon JB, Dixon ME, O’Brien PE (2005) Birth outcomes in obese women after laparoscopic adjustable
gastric banding. Obstet Gynecol 106:965-972

Abrams B, Altman SC, Pickett KE (2000) Pregnancy weight gain: still controversial? AJCN
71:1233-1241

Stotland NE, Haas JS, Brawarsky P, Jackson RA, Fuentes-Afflick E, Escobar GJ (2005) Body mass
index, provider advice, and target gestational weight gain. Obstet Gynecol 105:633-638

Polley BA, Wing RR, Sims CJ (2002) Randomized controlled trial to prevent excessive weight gain in
pregnant women. Int J Obes Relat Metab Disord 26:1494-1502

Olson CM, Strawderman MS, Reed RG (2004) Efficacy of an intervention to prevent excessive gestational
weight gain. Am J Obstet Gynecol 191:530-536



6 Pregnancy and Weight Loss Surgery

Daniel M. Herron and Amy Fleishman

Summary The dramatic increase in the incidence of obesity has resulted in an overwhelming
increase in the number of bariatric, or weight loss, operations performed in the United States.
These operations induce long-term weight loss through a combination of volume restriction
and malabsorption. As a result, bariatric surgery patients may suffer from nutritional defi-
ciencies over the long term and need to be followed extremely closely before, during, and
after pregnancy. Bariatric patients are given regimens of nutritional supplementation that are
specific for their operation. This chapter describes the different types of bariatric surgery and
the nutritional disturbances associated with each one. Additionally, the standard recommenda-
tions for supplementation and follow up are reviewed. Alterations to these regimens during
pregnancy are discussed. Pregnancy outcomes after bariatric surgery are reviewed.

Keywords: Bariatric surgery, Weight loss surgery, Gastric bypass, Gastric band, Lap Band,
Biliopancreatic diversion, Duodenal switch, Pregnancy, Nutrition

6.1 INTRODUCTION

In 2006, greater than 50% of American adults were obese [1]. Despite the fact that
more than 365,000 deaths per year are caused by obesity, current treatment options
are limited [2]. The single intervention with demonstrated long-term efficacy for the
severely obese is bariatric surgery. A consensus statement from the National Institutes
of Health in 1991 recognized bariatric surgery as a safe and effective treatment option
for the severely obese patient [3]. Following the publication of this report, the national
interest in bariatric surgery increased dramatically. In 2003, it was estimated that over
102,000 bariatric operations were performed in the United States [4].

This chapter addresses the indications for bariatric surgery, the types of surgical procedures
available, and the impact of bariatric surgery on pregnancy. Additionally, we review the common
side effects and nutritional sequelae of bariatric surgery. Finally, we address the nutritional
recommendations for pregnant women who have undergone bariatric procedures.

6.2 CONSIDERATIONS FOR BARIATRIC SURGERY

Bariatric surgery is reserved for individuals who are severely obese as defined by
body mass index, or BMI. The BMI is calculated by dividing a patient’s weight in kilograms
by the square of their height in meters. Alternatively, BMI equals the patient’s weight

From: Nutrition and Health: Handbook of Nutrition and Pregnancy
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in pounds divided by the square of their height in inches and multiplied by 703. BMI is
measured in units of kg per m*. A BMI between 18 and 25 kg/m? is considered normal.
Individuals are considered candidates for bariatric surgery when their BMI is greater
than 40kg/m?, or greater than 35 kg/m? with one or more comorbidities including severe
hypertension, sleep apnea, or diabetes. For most patients, this BMI corresponds to being
approximately 45kg (1001b) or more above ideal body weight [5].

6.3 TYPES OF BARIATRIC SURGERY

A number of different bariatric procedures are currently performed in the United
States. Currently, Roux-en-Y gastric bypass (RYGB) is the most common operation
(Fig. 6.1). In the RYGB, a surgical stapler is used to divide the stomach into a small
upper pouch and a large gastric remnant. The upper pouch, only 15 to 30 ml in volume,
causes the patient to feel full after eating a small meal. The small intestine is recon-
nected in a Y shape to the gastric pouch in such a manner that the ingested food bypasses
the stomach, duodenum, and proximal jejunum. In addition to the volume restriction
caused by the small pouch, the RYGB causes weight loss by decreasing absorption
(malabsorption) and altering levels of hormones involved in weight maintenance, such as
insulin and ghrelin [6].

The adjustable gastric band (AGB) is the second most common bariatric operation in
the United States (Fig. 6.2). In this operation, commonly referred to as the Lap-Band®
(Allergan, Irvine, Calif.), a small adjustable ring made of silicone rubber is wrapped
around the upper portion of the stomach, creating a pouch of 15- to 20-ml volume [7].

15-30 cc Gastric Pouch

Gastric Remnant

Biliopancreatic

Limb Lig. of

Treitz

Alimentary—
Limb

Common

Channel
Fig. 6.1. Diagram of the Roux-en-Y gastric
bypass operation. (Image ©2005 Daniel
M. Herron, reprinted with permission)
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Fig. 6.2. Diagram of the adjustable gastric band. (Image ©2005 Daniel M. Herron, reprinted
with permission)

The band is connected, via a thin flexible tube, to an access port placed underneath the
skin on the abdominal wall. By injecting or withdrawing saline from the access port,
the band can be tightened or loosened and the amount of restriction adjusted. Unlike
the RYGB, the AGB is a purely restrictive operation.

Vertical banded gastroplasty, also known as VBG or “stomach stapling,” was at one time
the most common bariatric operation, but has lost favor recently due to its poor long-term
results [8]. Like the adjustable gastric band, the VBG is a purely restrictive operation that
works by decreasing the volume of food that a patient can eat at one sitting. Unlike the
gastric band, the VBG cannot be adjusted. VBG is now an uncommon operation.

One of the most recently developed bariatric operations is the sleeve gastrectomy
(SG), a more modern variant of the VBG (Fig. 6.3) [9]. In this technically straightfor-
ward operation, the entire left side of the stomach is surgically removed, resulting in a
small, banana-shaped stomach. For superobese patients in whom a complex operation
like the RYGB may present excessive technical difficulty, the SG can be used as the first
component of a two-staged approach. The SG will result in a weight loss of 50kg or
more, after which the patient can be safely taken to the operating room for conversion
to a more definitive operation like the RYGB [10]. SG without a second stage may also
be used as a purely restrictive procedure.

The least common and most complex bariatric operation performed in the United
States is the biliopancreatic diversion with duodenal switch (BPD-DS, Fig. 6.4) [11].
The BPD-DS consists of a SG combined with the bypass of a substantial portion of the
small intestine. The first portion of the duodenum is divided and reconnected to the
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Fig. 6.3. Diagram of the sleeve gastrectomy.
(Image ©2005 Daniel M. Herron, reprinted with
permission)

Fig. 6.4. Diagram of the biliopancreatic diver-
sion with duodenal switch (BDP-DA). (Image .
©2005 Daniel M. Herron, reprinted with Gastric Pouch
permission) (100 cc)

/
B-P Limb

Common
Channel

distal 250 cm of small intestine. Additionally, bile and pancreatic secretions are diverted
to the distal ileum. The BPD-DS results in moderate volume restriction and significant
malabsorption. While providing the best long-term weight loss of any bariatric opera-
tion, the BPD-DS causes the most nutritional disturbance.

6.4 WEIGHT LOSS AFTER SURGERY AND POSTOPERATIVE
RECOMMENDATIONS FOR PREGNANCY

The rate of weight loss after surgery varies with the type of procedure. A large meta-
analysis of surgical interventions for weight loss reported a mean weight loss regardless
of operation of 61.2% [12]. Specifically, excess body weight loss was 47.5% for patients
who underwent AGB, 61.6% for those who underwent RYGB, and 70.1% for those who
had BPD-DS.
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With the RYGB and BPD-DS, the most rapid weight loss occurs during the first
3 weeks after surgery, when patients typically lose 11b per day or more. The rate of
weight loss gradually decreases until weight stabilizes, about 12 to 18 months after
surgery [13]. Weight loss after AGB occurs at a slower rate, but may continue for 2 to
3 years after surgery. Most bariatric surgeons recommend that female patients avoid
pregnancy for a period of 18 months or more after their operation or until their weight
has stabilized.

6.5 NUTRITION DEFICIENCIES AFTER WEIGHT LOSS SURGERY

Deficiencies in vitamins and other nutrients are common after bariatric surgery, par-
ticularly with RYGB and BPD-DS, since these operations result in decreased intestinal
surface area and bypass the duodenum (Fig. 6.5). Since BPD-DS results in more sig-
nificant malabsorption than does RYGB, there are more nutrient deficiencies reported
among BPD-DS patients. Although not as prevalent, nutritional deficiencies have also
been reported after AGB and SG, primarily because of decreased food intake and the
avoidance of certain nutrient-rich foods because of individual intolerances.

In order to better understand what the postoperative nutrition needs are for pregnant
women who have had bariatric surgery, it is important to first understand the nutri-
tional deficiencies that commonly accompany these procedures. The main deficiencies
reported among postoperative patients are protein, iron, vitamin B, folate, calcium,
vitamin D, and fat-soluble vitamins [15]. Below is a brief review of studies that have
been carried out as well as the assessments that are recommended as a check for nutrient
deficiencies following bariatric surgery.

¢ Protein. In a prospective randomized study of patients with a BMI greater than 50kg/m?,
13% of the patients who underwent distal RYGB experienced protein deficiency 2 years
after surgery [16]. Protein deficiency occurred more frequently after BPD-DS than RYGB
due to the more severe malabsorption caused by this operation. It is recommended that
total serum protein and albumin be assessed on a regular basis after bariatric surgery to
measure protein stores, typically 3, 6, and 12 months after surgery, then annually.

¢ Iron. In a study of RYGB patients before surgery and up to 5 years after the procedure,
iron deficiency was identified in 26% of patients preoperatively, in 39% at 4 years postop-
eratively, and in 25% of those 5 years postoperatively [17]. The anatomic changes result-
ing from RYGB reduce the exposure of iron-containing food to the acidic environment in
the stomach, which is required for the release of iron from protein and conversion into its
absorbable ferrous form [18]. It is recommended that hemoglobin, hematocrit, iron, ferritin,
and total iron binding capacity be evaluated for diagnosis of iron deficiency or anemia.

* Vitamin B, (cobalamin) and folate. Deficiencies of vitamin B , and folate are common
in bariatric surgery patients. Halverson studied patients 1 year after RYGB and found 33%
of patients had a vitamin B, deficiency, and 63% had a folate deficiency [19]. As with
iron digestion after RYGB, the absence of an acidic environment prevents the release of
vitamin B, from food [17]. In addition, intrinsic factor (IF), secreted from parietal cells
of the stomach, is responsible for the absorption of vitamin B ,. Therefore, after bariatric
surgery, inadequate IF secretion or function is a possible mechanism for vitamin B , defi-
ciency [20]. It is recommended that vitamin B, and folate be assessed regularly. Blood
levels of >300pg/ml for B , are considered normal.
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and Escott-Stump: Krause’s Food, Nutrition and Diet Therapy, 9/e, p 13, ©1996, with permis-
sion from Elsevier)

¢ Calcium and vitamin D. Calcium and vitamin D are usually assessed together since
vitamin D promotes the intestinal absorption of calcium. Brolin et al. found a 10% incidence
of calcium deficiency and 51% incidence of vitamin D deficiency in patients who had
distal RYGB [16]. Parathyroid hormone (PTH) levels may be a more sensitive indicator of
calcium deficiency [18]. If PTH is elevated, then calcium deficiency is presumed. As for
vitamin D, it is important to check 25(OH) vitamin D levels rather than 1,25(OH), vitamin
D. Although the normal range of vitamin D is variable depending on the lab, it is usually
recommended that serum 25(0OH) vitamin D to be >20ng/ml.



Chapter 6 / Pregnancy and Weight Loss Surgery 87

¢ Other fat-soluble vitamins: A, E, K. Malabsorption of these vitamins is most commonly
seen after BPD-DS. Slater et al. studied 170 patients following BPD and BPD-DS and
reported that 69% were deficient in vitamin A and 68% were deficient in vitamin K 4
years after surgery [21]. Dolan et al. showed that 5% of patients had low levels of vitamin
E an average of 28 months after BPD and BPD-DS [22]. Therefore, vitamin A, vitamin E
(tocopherol), and INR (the International Normalized Ratio, used to measure clotting and
indirectly assess vitamin K deficiency) should be assessed at least annually.

6.6 COMMON POSTOPERATIVE PROBLEMS

In addition to nutrient deficiencies after bariatric surgery, there are other common
side effects that are worth mentioning because they may be confused with symptoms of
pregnancy.

* Vomiting. Emesis may occur after surgery if the patient eats too much at one time,
eats too quickly, or does not chew solid food thoroughly. Food that is not chewed well
may get stuck in the narrow anastomosis between the stomach pouch and jejunum.
Scarring and stricture may also narrow the outlet and lead to vomiting. Excessive
vomiting in patients who have had the AGB requires removal of some saline from
their band to reduce the degree of restriction [23]. It is important to correct the prob-
lem because persistent vomiting may lead to malnutrition and dehydration, which are
harmful during pregnancy.

¢ Constipation. Constipation may occur because postoperative patients focus on high-
protein foods as a dietary mainstay and reduce their overall quantity of food intake, so
their fiber intake may be suboptimal. If the patient is not drinking an adequate amount of
fluid, then this may exacerbate the constipation. In addition, the iron that is recommended
for bariatric patients and for pregnancy is also known to cause constipation. A stool
softener or fiber supplement such as Metamucil® can be suggested.

* Dumping syndrome. This occurs after RYGB when there is consumption of simple sugars.
The patient may feel nauseated, and suffer tachycardia, syncope, and diarrhea. The syndrome
may be averted by instructing patients to avoid concentrated sweets. Importantly, when
screening for gestational diabetes mellitus (GDM) during pregnancy, a glucose tolerance
test will likely cause dumping syndrome. An alternative approach to assess for GDM
would involve measuring fasting serum glucose periodically, since an elevation usually
correlates with elevated postprandial blood glucose [24]. The overall risk of GDM is
significantly lower in bariatric patients than in morbidly obese women [25].

6.7 PRECONCEPTION CARE

The best pregnancy is a planned pregnancy, especially after bariatric surgery, because
the patient is able to take preventive measures against postnatal nutrient deficiencies. In
addition to meeting with their obstetrician, women who have undergone a bariatric operation
should schedule a follow-up visit with their bariatric surgeons and dietitians. At this
visit, the surgeon will check a complete laboratory assessment for nutrient status. If any
levels are low, then there is adequate time to correct them. Deficiencies in iron, calcium,
vitamin B, and folate can result in maternal complications, such as anemia, and in fetal
complications, such as neural tube defects. Even if all lab values are normal, the patient
should be encouraged to continue her bariatric prenatal supplement regimen.
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Assessments should be carried out before becoming pregnant and frequently (every
2 to 3 months) during gestation, especially if deficiencies were present initially. In
addition to reviewing blood work, the dietitian will ensure the patient is eating an
adequate amount of protein, drinking enough fluid, and eating a healthy diet. The
main goals of medical nutrition therapy during pregnancy are to facilitate adequate
weight gain to promote fetal growth and development, to provide appropriate vitamin
and mineral supplementation to prevent or correct deficiencies, and to assess nutrition
education needs.

6.8 STANDARD SUPPLEMENT RECOMMENDATIONS

Dietary supplementation before and during pregnancy should be based on laboratory
findings as well as the type of bariatric surgery. General practice includes adding a pre-
natal vitamin to the current supplement regimen for the bariatric surgery, not giving it in
lieu of the standard postoperative regimen.

The standard prenatal vitamin contains 1 mg of folic acid, which is sufficient to
reduce the risk of neural tube defect in the fetus (1 mg of folic acid per day should
be taken prior to pregnancy for maximum benefit). For RYGB and BPD-DS, it is
important that the calcium source be citrate because citrate does not require an
acidic environment in order to be broken down. It is best that vitamin B, be taken
sublingually in crystalline form for better absorption [18]. When prescribing iron,
ferrous fumarate is best tolerated [25]. For all patients who take iron and calcium,
to maximize absorption the two should not be taken at the same time. If BPD-DS
patients are compliant with taking fat-soluble vitamins but remain deficient in vita-
min A, then additional vitamin A should be given as beta-carotene, since vitamin
A may have teratogenic potential [27]. While general recommendations are given
below, each patient should be treated as an individual and may require a slightly
different regimen (Table 6.1).

Table 6.1

Standard Prenatal Supplementation for Women who have Undergone Bariatric Surgery
Procedure Supplement and dose
Laparoscopic adjustable gastric Prenatal vitamin with iron

banding or sleeve gastrectomy Calcium citrate 1200 mg/day plus vitamin D 800 IU/day

Roux-en-Y gastric bypass Prenatal vitamin with iron
Calcium citrate 1200 mg/day plus vitamin D 800 IU/day
Vitamin B ,: 500 mcg/day
Elemental iron: 300 mg/day (ferrous and
polysaccharides complex)

Biliopancreatic diversion with Prenatal vitamin with iron
duodenal switch Calcium citrate 2000 mg/day plus vitamin D 800 IU/day
Vitamin B ,: 500mcg/day
Elemental iron: 300 mg/day (ferrous and
polysaccharides complex)
ADEK: three times per day
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6.9 PROTEIN RECOMMENDATIONS

Protein is the most important macronutrient for the bariatric patient. For this reason,
patients should be instructed to consume protein at the beginning of a meal to ensure
adequate intake if the patient becomes sated prematurely. During pregnancy, protein
needs are 1.1 g/kg/day. There are no published protein guidelines for bariatric patients
during pregnancy. Therefore, protein recommendations may vary among institutions.
Our program recommends 60-80 g/day for the RYBG, 80-120 g/day for the BPD-DS,
and 0.8—1 g/kg/day of adjusted body weight for AGB in nonpregnant women. Each pregnant
bariatric patient should be encouraged to meet the upper end of the protein range specified
for her type of surgery. If needed, protein intake may be supplemented with sugar-free
protein shakes.

Patients are instructed to avoid pregnancy during the first year after surgery, since this
is the period of most rapid weight loss. If there is an unplanned pregnancy during this
time, protein requirements should be increased to 1.5 g/kg/day of ideal body weight.

6.10 CALORIE RECOMMENDATIONS AND WEIGHT GAIN
DURING PREGNANCY

Calorie recommendations for the pregnant bariatric patient include approximately
300kcal/day above maintenance guidelines for bariatric surgery. As with protein, calorie
recommendations may vary between institutions. Typically, 1 year after surgery, individuals
consume approximately 1,200 kcal/day, so this would result in a caloric recommendation
of 1,500kcal/day for pregnant bariatric patients. These are general guidelines, and each
patient should be monitored for appropriate weight gain during pregnancy to ensure she
is getting adequate caloric intake.

Weight gain during pregnancy after bariatric surgery is variable, as with any pregnancy.
There are no published guidelines for pregnancy weight gain in bariatric patients. There-
fore, the guidelines set forth by the Institute of Medicine should be used (Table 6.2) [28].
The postoperative BMI should be used to determine the appropriate weight category.

Even when weight gain is normal and expected during pregnancy, some patients may
have an emotional response to this gain since they worked so hard to lose weight. It should
be reinforced to patients that pregnancy is not a time to lose weight. Inadequate weight
gain can result in intrauterine growth retardation and fetal abnormalities [18]. Patients may
also be nervous about losing their pregnancy weight after the birth of their infants. It may
be helpful to refer the patient to a psychologist to help sort out these issues.

Table 6.2

Recommendations for Weight Gain during Pregnancy

Weight category Recommended weight gain (Ib)
Underweight: BMI < 19.8 28-40

Normal weight: BMI = 19.8-25 25-35

Overweight: BMI = 26-29 15-25

Obese: BMI > 29 15

From [29]
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6.11 OTHER RECOMMENDATIONS DURING PREGNANCY

General pregnancy recommendations should be stressed to the bariatric patient, such
as avoiding alcohol, drugs, and undercooked meat, as well as increasing intake of omega-3
fatty acids and avoiding fish that are high in mercury. Patients should be advised to do
the following:

® Eat slowly and chew very well. It is best to try to take a half hour to eat each meal. If the
patient does not stop eating when she is full, then there is an increased chance that vomiting
will follow. This may lead to malnutrition and dehydration.

* Do not skip meals. Have three to five small, protein-rich meals every day. Skipping meals
may lead to malnutrition.

® Avoid concentrated sugars. RYGB patients may experience dumping syndrome. For the
patient with a purely restrictive procedure, it is important to avoid concentrated sugars
because they are high in calories and will contribute to excessive weight gain.

¢ Limit fat intake. Fat is high in calories, and like sugar, will contribute to excess weight
gain. Some patients may also experience nausea after eating a high fat meal.

* Maintain adequate hydration. The patient should drink six to eight 8-ounce, noncaloric,
noncarbonated, noncaffeinated drinks per day. Patients should avoid drinking 15min
before, during, or 1h after meals. Drinking immediately before a meal may cause the
stomach pouch to fill up with fluid, and there will not be room to eat an adequate amount
of protein. Drinking during the meal may cause the food to move quicker through the
stomach, and therefore decrease a feeling of fullness. Drinking 1 h after may cause vomiting
because there will not be any room for the fluid with all the food that was eaten.

¢ Increase intake of fiber to prevent or treat constipation.

6.12 OUTCOMES OF PREGNANCY AFTER WEIGHT LOSS SURGERY

A number of published studies have addressed the issue of outcomes after bariatric surgery.
One of the largest studies to date evaluated the perinatal outcome of 159,210 deliveries
occurring in Israel between 1988 and 2002. Of these deliveries, 298 were from women
who had previously undergone bariatric surgery [30, 31]. Although there was a higher rate of
caesarean delivery in the bariatric surgery group (25.2 vs. 12.2%), no difference was found
in perinatal mortality, congenital malformations and Apgar scores at 1 and 5 min.

6.13 CONCLUSION

It is important for the obstetrician and bariatric surgeon to work together to care for
the bariatric surgery patient. In addition, the patient will benefit from attending bariatric
surgery support groups where she can share her experiences, ask for advice, and help
others with the challenges they encounter. Encourage the bariatric patient to attend these
support groups because they will find help in dealing with nutrition before and after
pregnancy.
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7 Nutrition in Multifetal Pregnancy

Ellior H. Philipson

Summary All multifetal pregnancies can be considered high risk due to frequent
obstetrical complications associated with this type of pregnancies. Nutritional assess-
ment with current dietary recommendations and specialized antenatal care are important
for a good outcome. Maternal weight and weight gain are also important factors, but
nutritional supplements, assessment of calorie intake, and adjustments as needed are
crucial as well. Confounding variables must be considered, particularly when examining
outcomes. This chapter addresses some of the important components that can contribute
to a healthy outcome in multifetal pregnancy. Future research and knowledge is needed
in this challenging area. A multidisciplinary approach to antepartum and even precon-
ceptional care will help optimize the outcome.

Keywords: Multifetal pregnancy, Nutrition, Maternal weight, Prenatal care, Supplements

7.1 INTRODUCTION

In 2004 there were more than 139,000 multiple or multifetal births in the United
States [1, 2]. The birth rate for twin gestation, which accounts for more than 95% of
these multifetal pregnancies, continues to rise, with the latest birth rate in 2004 at a
record of 32.2 twins per 1,000 live births. The birth rate of triplets and higher-order
multifetal births has been relatively stable since its peak in 1998. Almost all pregnancy
complications are more frequent in multifetal pregnancies [3, 4]. The most recent American
College of Obstetricians and Gynecologists (2004) published their practice guidelines,
that describes many of these complications [4]. However, there is no mention in this
document of any nutritional assessment or treatment for this high-risk group.

Nutrition information for clinicians who provide antenatal care for women with twins
or triplets often has been based on scientific data obtained from singleton pregnancies
and then extrapolated and applied to multifetal pregnancy. A search of Ovid Medline
for all English-language articles related to multiple pregnancy in humans and nutrition
or diet shows 331 articles published on this subject in the past 30 years. Almost 50%
of these articles (151) have been published since 1996, indicating that interest in and
knowledge of this specific area of high-risk pregnancy is increasing. The purposes of
this chapter are to: (1) evaluate some of the most relevant and important new clinical
information regarding nutrition and multiple pregnancy, (2) describe well-documented

From: Nutrition and Health: Handbook of Nutrition and Pregnancy
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differences in nutrition needs between singleton and multiple pregnancies, (3) provide practi-
cal antenatal nutritional guidelines for the clinician and nutritionist managing multiple
pregnancies, and (4) stimulate further research and knowledge for this interesting and
challenging aspect of obstetrics.

7.2 WEIGHT

The first aspect of nutrition to be examined relates to weight. Much attention has been
directed toward this aspect of nutrition because weight is measured easily and can be fol-
lowed over time. Measurement of weight has been examined by prepregnancy maternal
weight, maternal weight at different times during the pregnancy, weight gain based on
body mass index (BMI), and neonatal birth weight [5-8]. Maternal weight gain and pat-
terns of this weight gain have been shown to be important predictors of a good perinatal
outcome defined in various ways, but usually by birth weights greater than 2,500 g [5-8].

Specific guidelines have been established; clinicians have recommended that women
with a normal weight (BMI) (20-25) gain approximately 25 1b for a singleton pregnancy
and an additional 101b for multiple pregnancies [9, 10]. Women with triplet pregnancies
should gain at least 501b [10]. These recommendations are based on the neonatal birth
weight that is considered appropriate.

Luke et al. [11] examined the maternal weight gain stratified by BMI as it relates to
the optimal fetal growth and weight in twins. In this historical cohort study of 2,324
twin pregnancies, optimal rates of fetal growth and birth weights were associated with
varying rates of maternal weight gain, depending on the pregravid BMI and the period
of gestation. These data were obtained over a 20-year period, from 1979-1999, in four
different locations, with no specific information on meal plans, dietary interventions, or
changes in dietary habits. The authors concluded that the rates of maternal weight gain
in twin pregnancies are best viewed as guidelines that can be used antenatally.

The results of an individualized intervention program in twin pregnancy demon-
strated that nutritional intervention, that went beyond measuring body weights, can
significantly improve pregnancy outcome [12, 13]. In this study, the Higgins Nutrition
Intervention program, developed at the Montreal Diet Dispensary, was used first to
assess each pregnant woman’s risk profile for adverse birth outcomes and to adjust the
diet using an individualized nutrition program. The individualized program included
education about food consumption patterns to meet individual dietary requirements and
allow for preexisting food habits. Regular follow-up visits at 2- to 4-week intervals with
the same dietitian were included. Other features of this intervention program included
supplementation with milk and eggs, an additional 1,000 kcal/day, a 50-g protein allow-
ance for each fetus, and smoking cessation. Significantly, the group of patients in this
study was at high risk, not only because of the twin gestation, but also because they
were economically disadvantaged. The results of this study demonstrated a lower rate
of preterm delivery, lower neonatal mortality, and lower maternal mortality. There also
was a small (80g) increase in twin birth weight.

In 2003, a specialized, prospective intervention program in multiple pregnancy at one
institution reported its effect not only on maternal, but also on neonatal and early childhood
outcomes [14]. In addition to regular prenatal care, this study provided twice-monthly
prenatal visits with a dietetian and nurse practitioner, additional maternal nutrition education,
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modification of maternal activity, multivitamin supplementation, and individualized dietary
prescription with serial monitoring of nutritional status during the pregnancy. Specific
dietary recommendations and weight gain goals based on BMI were provided and moni-
tored. The initial dietary assessment was based on a 24-h recall. The diet was adjusted to
3,000—4,000kcal per day, depending on the pregravid BMI. Dietary assessment was made
at each subsequent visit, and changes were made. The plan was to provide three meals
and three snacks with 20% of the calories from protein, 40% from carbohydrates, and
40% from fat. A multivitamin containing 100% of the Recommended Daily Allow-
ances (RDAs) for the nonpregnant woman was provided for daily consumption and then
increased to twice daily after 20 weeks gestation. In addition, a daily mineral supplement
with calcium, magnesium, and zinc in divided doses was provided. Over a 6-year period,
participation in this program improved pregnancy outcomes as assessed by the frequency
of preeclampsia, preterm premature rupture of the membranes, delivery less than 36 weeks
gestation, and an increased birth weight (220 g). There was also less neonatal morbidity, as
assessed by retinopathy of prematurity, necrotizing enterocolitis, intraventricular hemor-
rhage, and ventilator support. Through 3 years of age, children whose mothers participated
in the program were less likely to be hospitalized or to be developmentally delayed.

These results form the basis for the most current dietary recommendations and specialized
antenatal care during multiple pregnancy.

As guidelines, maternal weight gain in twin pregnancy would be based on the gesta-
tional period. The underweight gravida (BMI < 20) should gain between 1.25 and 1.751b
per week in the early (0-20 weeks) gestational period, 1.5-21b per week in the mid
(2028 weeks) period, and 1.251b per week in the late (>28 weeks to delivery) period,
for a total weight gain of 47-61 1b. A normal-weight gravida (BMI =20-25) should gain
1-1.51b per week in the early period, 1.25-21b per week in the mid period, and 1 pound
per week in the late period, for a total weight gain of 38—541b. The overweight gravida
(BMI = 26-30) should gain 1-1.25, 1-1.5, and 11b per week in the early, mid, and late
periods, respectively. The total weight gain should be 36—45 1b. The obese gravida (BMI
> 30) should gain 0.75-1.25, 1, and 0.751b per week in the early, mid, and late periods
respectively. The total weight gain should be 29-391b.

As demonstrated by the study of Luke et al. [11], maternal weight, weight gain based
on BMI, and the specific weight at each gestational period represent only some of the
aspects of a nutritional management plan for multifetal pregnancy. Another aspect relates
to the basic metabolic rate, as measured by resting energy expenditure, which is about
10% higher in the third trimester of twin pregnancy compared with women with singleton
pregnancies [15]. Therefore, anincrease in caloric intake, frequent monitoring, and adjust-
ment of the dietary plan, maternal activity considerations, educational and instructional
assessment, and nutritional supplements are also crucial to a successful outcome.

7.3 NUTRITION SUPPLEMENTS
7.3.1 Iron

Daily iron supplementation is recommended by the National Academy of Science for
pregnant women because the iron content in most American diets, and the nonheme iron
stores of American woman are insufficient to provide for the increased iron requirements
of pregnancy [16—18] as further discussed in Chap. 16 (“Iron requirements and Adverse
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Outcomes”). In multifetal pregnancy, as in singleton pregnancies, supplementations
should include iron and folic acid. The majority of studies report an iron deficiency in
multifetal pregnancy [10, 18, 19].

7.3.2 Minerals

There are no known trials using mineral supplements in twin gestation [20]. However,
magnesium, calcium, and zinc have been recommended to reduce pregnancy complications
and improve outcome [10, 21, 22]. In the study mentioned previously [14], 3 g of cal-
cium, 1.2 g of magnesium, and 45 mg of zinc were added to the specialized diet. Again,
there is no scientific proof that this supplementation is effective, but there are some
data suggesting that it may be beneficial. However, various studies have been incon-
clusive, and mineral supplementation remains an area that needs good clinical trials,
particularly in multifetal pregnancy.

7.3.3 Fish Oil

Fish oil supplementation has been shown to play an important role in pregnancy,
parturition, lactation, and even childhood development [23-26]. A recent study in rats
showed that dietary docosahexaenoic acid (DHA) can suppress the indices of premature
labor and shortened gestation [26]. An older study in rats also reported that gestational
age is related positively to high dietary intake of n-3 fatty acids [27]. In human preg-
nancy, daily supplements in the third trimester of pregnancy using capsules containing
2.7g of n-3 fatty acids have been shown to prolong pregnancy [28]. In a randomized,
double-blind, controlled clinical trial, the long-chain omega-3 fatty acid DHA obtained
from egg ingestion beginning at 24-28 weeks until delivery has been shown to signifi-
cantly increase the length of gestation [29]. Other studies have supported the association
between an increased intake of DHA and longer gestations, increased birth weight, head
circumference, and birth length [25]. Low-birth-weight babies also have lower levels of
DHA than full-term infants [24]. Recently, maternal consumption of DHA during preg-
nancy has been shown to benefit infant performance on problem solving at nine months
and infant visual acuity at 4 months of age [30, 31]. It is important to note that none
of these studies has shown any detrimental effects on the growth of the fetus, course
of labor, or neonatal outcome. Therefore, it appears that DHA supplementation could
help prolong pregnancy. In fact, educational materials have been developed for Women,
Infants, and Children (WIC) programs to increase DHA intake during pregnancy. This
program is called the “Omega-3 for Baby and Me” [32].

In a multicenter, randomized clinical trial including nineteen hospitals in Europe, fish
oil supplementation reduced the recurrence risk of preterm delivery from 33 to 21%
[33]. However, this study reported that fish oil supplements had no effect on preterm
delivery in twin pregnancies. In this study, 579 twin gestations received prophylactic fish
oil, beginning at a mean gestational age of 21+ weeks. Some limitations of this study
include different recruitment rates between the centers, little available clinical informa-
tion regarding these pregnancies, and the fact that no other complications of twin gestation
other than intrauterine growth rate (IUGR) and pregnancy-induced hypertension (PIH)
were reported. Were there any inventions or services provided for this high-risk group
of patients that could have influenced the outcome? Should the amount of fish oil be
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increased with multiple pregnancies? In spite of these shortcomings, this is the only
study that this author was able to find that specifically examined the issue of fish oil
supplementation and multiple births. More research is needed in this area.

7.4 CONFOUNDING VARIABLES

There are many confounding variables that can contribute to birth weight and early
neonatal outcomes in multifetal pregnancies. All multifetal pregnancies can be considered
high risk because of the increase of many obstetrical complications, compared with those
of singleton pregnancies. Maternal complications include preeclampsia, hypertension,
gestational diabetes, placenta previa, abruptio placenta, cesarean birth, and maternal
mortality. For the fetuses, the risks include prematurity, low birth weight, birth asphyxia,
cerebral palsy, and neonatal death.

These complications associated with multifetal pregnancies should be considered
when examining pregnancy outcomes. Some other important variables can contribute
to the outcome of a multifetal pregnancy.

First, pregnancy complications such as preeclampsia, hypertension, diabetes, abruptio
placenta, or placenta previa can be very problematic for the clinician and can result in
medical or surgical interventions or even early delivery [34]. Some of these pathologic
conditions are known to influence intrauterine growth. Would bed rest with reduced
maternal activity and stress reduction alter interuterine fetal growth? Can overdistension
of the uterus or an increased amniotic fluid precipitate early labor and delivery? All of
these maternal factors and pregnancy complications need to be considered if birth weight
is considered as a crude marker for nutrition.

Second, discordancy could account for a difference in fetal growth and birth weights with
multifetal pregnancy. Growth discordancy, usually more than 20 or 25%, offers a unique
challenge for clinicians. Discordancy occurs at a higher frequency and severity in triplet
pregnancies [35]. Fetal growth, discordant or not, depends on many factors. One factor relates
to the function of the placenta or uteroplacental unit, as nutrients cross from the mother to the
fetus [36]. Umbilical cord insertion and fusion of the placentas has been shown to influence
birth weight in twin gestation [37]. Fetal growth also seems to be influenced by plurality, that
is, the mean birth weight decreases as the number of fetuses increases [38]. Fetal intrauter-
ine growth depends on the time in gestation, as “growth curves” for singletons, twins, and
triplets are similar until 28 weeks’ gestation. After 28 weeks, the curves of the multifetal
pregnancies deviate from the singleton pregnancy. Uterine adaptation and volume also may
influence fetal growth [39, 40]. Therefore, when considering fetal growth or neonatal birth
weight as a marker for nutrition, not only is the length of gestation critical, but pregnancy
complications and other factors that influence fetal growth also must be considered. In fact,
the monochorionic type of placentation in multifetal pregnancies has been reported as a
risk factor for increased discordance [41, 42]. Nutritional status of multifetal pregnancies
and outcome has not been well evaluated by the type of placentation or the other placental
complications that occur more frequently in multifetal pregnancies.

Third, second-born twins have a greater risk for perinatal morbidity than first-born
twins [43, 44]. Is this finding due to difference in mode of delivery, intrauterine or neo-
natal growth, or perinatal nutrition? The author was unable to find any literature that
evaluates or links nutrition to the birth order.
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Finally, carbohydrate metabolism in pregnancy can be characterized by the phe-
nomenon of accelerated starvation; that is, the fasting glucose decreases as pregnancy
advances with an accelerated insulin response to meals [45]. Pregnant women with
twin gestation have an accelerated response compared with singleton pregnancy
[46]. This indicates that lower glucose in the fasting state can increase the depletion
of glycogen stores resulting in metabolism of fat. Ketones may result, and ketonuria
has been associated with preterm delivery. Compared with the recommended diet for
women whose pregnancies are complicated by carbohydrate intolerance (diabetes),
changes in diet composition for women with multiple pregnancies would be a lowering
(40%) of the carbohydrates to avoid more hyperglycemic peaks and an increase in the
percent of fats (40%) to provide more substrate. This adjustment in the distribution
of the macronutrients may be important not only for nutritional value, but also for
prevention of preterm labor. Carbohydrate intolerance, particularly in the absence of
longstanding vascular disease, is a well-recognized risk factor for fetal or neonatal
macrosomia.

7.5 CONCLUSION

In summary, multifetal pregnancy offers many challenges for both physician and patient.
Maternal, fetal, and neonatal complications are more common and make mothers with
multifetal pregnancies a high-risk pregnancy group. These patients usually receive their
clinical care from well-trained obstetricians or maternal—fetal medicine specialists, and yet,
the clinicians do not commonly request nutrition consultation. Certainly, consults are
not as common as when pregnancies are complicated by diabetes or hypertension. A rea-
sonable approach would be to obtain a nutritional assessment every trimester. There
are good data to support a recommendation for an increase in caloric intake and dietary
management, based on BMI. Maternal weight gain, however followed clinically, is only
one part of the algorithm for good nutritional care, as other variables are also crucial.
Additional supplements with micronutrients and fish oil seem to be supported by the
literature. Neonatal birth weight, as a marker for nutrition, must also be considered
in its entirety, as many confounding variables can influence birth weight. Nutritional
guidelines as part of an overall program to improve perinatal outcome in mutifetal preg-
nancy are important. Further study and research into nutrition during multifetal pregnancy is
needed, as many of the complications in the group are increased. Hence, the program
for this group should be multidisciplinary and provide close monitoring throughout the
pregnancy, even preconceptionally.
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8 Adolescent Pregnancy: Where
Do We Start?

Linda Bloom and Arlene Escuro

Summary Adolescent pregnancy is associated with many high-risk conditions. Some
of these are amenable to nutritional support and interventions to reduce risk. Nutrients
that have specific implications for adolescents are energy, protein, iron, calcium, folate,
and fluids. This chapter addresses assessment and interventions specific to the adoles-
cent including the above elements; weight gain in pregnancy; the use of groups to pro-
mote behavior change; Women, Infants, and Children nutrition program; and Internet
and print resources that have been identified as helpful.

Keywords: Adolescent, Teen, Anemia, Birth weight, Group prenatal care, Weight gain
in pregnancy, Motivational negotiation

8.1 INTRODUCTION

Teen pregnancy is recognized as a high-risk condition because it is associated with
obstetric complications such as preeclampsia, preterm delivery, low-birth-weight
infants, and neonatal death, especially in very young teens [2—4]. This was recognized
as early as 1856 by Alcott [1] and is true across cultures and continents [2]. Adoles-
cent pregnancy is a significant public health issue in the United States and in other
nations [1-3]. Adolescents have been establishing pregnancies throughout recorded
history and presumably before. Throughout history, depending on food availability and
the health of the population, menarche occurred earlier or later. With sexual maturity
came sexual activity and pregnancy. In colonial America, teen pregnancy was possibly
the norm, and young marriage was certainly acceptable. The values associated with
marital versus premarital sex have fluctuated based on economics of the time and
the cultural and religious beliefs of an individual community. In the twentieth century,
the average age of marriage and childbearing in the United States and Europe increased
as formal education and the need for extended preparation for careers increased. The
highest rate of teen pregnancy in the United States was in 1957, but it was not identified
as a “problem” by the government until the 1970s, when the rate was already headed
downward [1]. The teen pregnancy rate, which in the United States in 1995 was 57 per
1,000, is however much higher than it is in other developed countries such as the United
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Kingdom (28/1000), Europe (France: 10/1,000, Italy 7/1,000) and Japan (4/1,000) and
compares to developing nations [2, 3].

There is evidence that nutrition and appropriate weight gain in the adolescent
pregnancy have a relationship to obstetric risks [5, 6] and thus may be amenable to
intervention. There is also modest indication in the available literature that nutritional
interventions for pregnant teens can positively affect pregnancy outcome [7]. The young
pregnant woman, however, has many obstacles impinging on her ability and/or desire
to eat a healthy, adequate diet. A multitude of social problems such as substance abuse,
incest, truancy, sexually transmitted infections, poverty, and dysfunctional families may
influence her [3, 9, 10]. This chapter reviews these issues and possible complications
that can result from adolescent pregnancy. Also, important nutritional considerations
for maintaining optimal health of the teenager during pregnancy are discussed as well
as assessment and interventions specific to the adolescent mother.

8.2 SCOPE OF TEEN PREGNANCY

Data from the Centers for Disease Control (CDC) underline a decline in 2004 in the
teenage birth rate in the US, with 41.2 births per 1,000 females aged 15-19 years [11].
Rates increased slightly in 2004 for girls aged 10-14 years [11]. These data are worri-
some, as these young women are nearer to menarche, and still growing themselves, with
increased nutritional needs. These very young women also have increased risk for mater-
nal death [12]. The younger-aged group received the lowest rate of timely prenatal care,
highest rates of late or no prenatal care, and was at highest risk of pregnancy-associated
hypertension. Among the youngest cohort, pregnancy outcome was poor, e.g., infants were
more likely to be preterm, to be born with low birth weight, and to die in their first year at
a rate that was three times the overall rate of 15.4 per 1,000 [13].

8.3 DEVELOPMENTAL CONSIDERATIONS FOR THE ADOLESCENT

Despite the high risk for pregnant teens, there is a paucity of research on effective
interventions for their care and nutrition [7]. Providers can extrapolate from the research
on adolescents in general to identify strategies to motivate and guide these young women
to nourish themselves and their babies. To develop an approach for pregnant adolescents
it is first appropriate to examine theories of development for this age group.

Erickson proposed the developmental tasks of teenagers as accepting body image,
determining and internalizing sexual identity, developing a personal value system,
preparing for productive function, achieving independence from parents and, finally,
developing an adult identity [8]. Pregnancy, planned or unplanned, has a tremendous
impact on all of these tasks, both positive and negative. How does a young woman accept
a body image that is changing every week? How does she deal with a rapid weight gain
in a culture that is fraught with “skinny” images and advertisements for weight loss
products? It has been reported in the literature that lesbian and bisexual young women
are at higher risk for pregnancy compared with their peers, although it is unclear why
this is the case; how do their attempts to internalize their sexual identity impact on this
risk [10]? Some young women may plan their pregnancy to demonstrate their complete
rejection of their parents’ value system (thus stating their own) and achieving independ-
ence through their actions. And, some may become pregnant as acceptance of a value
system where parenthood is a defining necessity of adulthood.
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Against this background, providers struggle to provide the interventions that will
assist young women to successfully navigate into adult roles and maintain health for
themselves and their infants. Appropriate nutrition is one aspect of these interventions
for their patients. The first step is to establish the individual needs of the pregnant ado-
lescent in light of the current recommendations.

8.4 NUTRIENT NEEDS OF THE PREGNANT ADOLESCENT

Nutrition screening and assessment is a cornerstone for comprehensive prenatal care
for all pregnant adolescents. Adolescence is a period of rapid physical growth, with
heightened nutritional requirements to support growth and development. The additional
energy and nutrient demands of pregnancy place adolescents at nutritional risk [13].
The physiological and psychosocial immaturity of the teen compounds the potential for
obstetric risks and complications [13]. Nutrition screening and counseling should be
aimed at alleviating the risks and promoting optimal maternal and fetal outcomes.

Important assessment data that need to be collected and evaluated to comprehen-
sively develop educational approaches for pregnant adolescents can be categorized as
follows: (1) determining the quality, quantity, and rate of weight gain in pregnancy;
(2) evaluating current dietary intake to determine the adequacy of nutrient and energy
intake during pregnancy; and (3) assessing dietary issues that may affect intake, e.g.,
food allergies or vegetarianism [13]. Data derived from these assessments can provide a
focus for discussions with all adolescents throughout pregnancy. Adolescents, especially
those younger than 15 years of age, are at high risk for inappropriate maternal weight
gain, anemia, and more serious complications such as lung and renal disease. Maternal
weight gain is reportedly more influential than age of mother on fetal birth weight [11,
14]. Given that fetal birth weight <3,000 g is related to increased infant morbidity and
mortality, optimizing maternal weight gain should be central to any intervention efforts
for the pregnant teen and adult.

Pregnancy places the adolescent at high nutritional risk because of the increased
energy and nutrient demands of pregnancy. Data regarding nutrient requirements of
pregnant adolescents are extremely limited. In general, however, the closer a teen is to
menarche (younger teens with incomplete growth) at conception, the greater her need
is for energy and nutrients above the normal requirements for pregnancy [15, 16]. The
Institute of Medicine (IOM) Dietary Reference Intakes (DRIs) provide recommendations
for nutrient and energy needs during pregnancy by trimester of pregnancy. Adequate
energy intake should be a primary consideration for adolescent pregnancy; if energy needs
are not met, then available protein, vitamins, and minerals cannot be used effectively in
various metabolic functions [17]. Energy requirements may be greater for adolescents
who begin pregnancy underweight, are still growing, or who are physically active [13].
The additional energy needs during the second and third trimesters of pregnancy are
approximately 300 kcal per day in adults and older adolescents and 500 kcal per day in
younger adolescents (aged 14 years and younger) [18, 19].

Protein needs are increased during pregnancy. The additional 25 g of protein required
each day during pregnancy are generally not a problem to obtain for most adolescents in
industrialized countries, given that many teens consume twice their recommended daily
protein intake [20]. Routine ingestion of high-protein powders and specially formulated
high-protein supplements and beverages are not routinely needed and may be potentially
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harmful (increasing risk of preterm birth) during pregnancy [17, 21]. These supplements
should be avoided during pregnancy. Rather, increased use of food sources of protein
is recommended, such as milk and flesh (meat) foods, as part of a well-balanced diet,
especially because these foods are also rich sources of vitamins and minerals [21].
A careful assessment of dietary protein intake of a pregnant adolescent is important.
About two thirds of total protein should be of high biologic quality, such as the protein
that comes from eggs, milk, meat, or other animal sources [17].

Iron deficiency is one of the most common nutritional problems among both pregnant
and nonpregnant adolescent females and occurs in all socioeconomic groups [17]. The
need for iron increases during adolescence due to increased deposition of lean body mass,
heightened synthesis of red blood cells, and onset of menses [17]. Iron requirements are
further increased during pregnancy due to the rapidly expanding blood volume, which
far exceeds the expansion of red blood cells, and results in decreased hemoglobin con-
centration [13]. The DRI for pregnant women is 27 mg per day, a level almost twice that
for nonpregnant adolescents. The CDC recommends a routine low-dose iron supplement
(30mg per day) beginning at the first prenatal visit [22]. Although conclusive evidence
for the benefits of universal supplementation is lacking, the CDC advocates this position
because many women have difficulty maintaining iron stores during pregnancy [23].
Given the typically low intake of iron in most adolescent diets [17], supplemental sources
of iron may be even more important for pregnant teens. Liquid and chewable forms of
iron are available if teenagers have trouble swallowing tablets or capsules. To ensure
adequate absorption, iron supplements should be taken at bedtime or between meals with
water or juice; milk, tea, or coffee should be avoided, as these block iron absorption [24].
Pregnant adolescents should be encouraged to consume iron-rich foods such as lean red
meat, fish, poultry, dried fruits, and iron-fortified cereals. Iron from animal sources is
well absorbed. Iron from plant sources is poorly absorbed, but absorption is enhanced
by simultaneous intake of vitamin C, meat, fish, and poultry [17]. If iron deficiency
anemia develops, then iron supplementation is typically increased to 60 to 120 mg per
day until the anemia is resolved. A multivitamin—mineral supplement supplying 15 mg
of zinc and 2 mg of copper is also recommended because the therapeutic dosage of iron
may impair the absorption or utilization of these nutrients [20].

Calcium is another nutrient of concern during pregnancy, especially among adoles-
cents. The DRI for calcium for adolescents is 1,300 mg per day, yet 12- to 19-year-old
females in the United States have average calcium intakes of about 800 mg per day
[25]. Consumption of low-calcium beverages like soft drinks and fruit drinks displace
milk and likely accounts for the suboptimal intakes reported [26]. The DRI for calcium
does not increase during pregnancy, but adolescents may potentially have increased
needs secondary to continued skeletal growth and consolidation of bone mass during
the adolescent years [13]. Health professionals should counsel pregnant teens on good
dietary sources of calcium and ways to meet the recommended intake. Dairy products
and fortified foods including orange juice are high-quality calcium sources to recom-
mend during counseling [17]. For pregnant teens that do not consume milk products
(due to milk allergy or other reason) or calcium-fortified foods, a calcium and vitamin
D supplement may be needed [23]. The IOM recommends taking a separate calcium
supplement supplying 600 mg of elemental calcium per day. Most calcium supplements
have comparable absorption rates, and two common forms include calcium citrate and
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calcium carbonate. Pregnant teens should be advised not to take supplements from bone
meal calcium, dolomite, and calcium carbonate made from oyster shells, as these may
contain lead [13]. For optimal absorption, supplements should be taken with meals and
in doses no greater than 600 mg at a time [13].

Folate, essential for nucleic acid synthesis, is required in greater amounts during
pregnancy, because of maternal and fetal tissue growth and red blood cell formation
[15]. Folate deficiency during pregnancy may result in intrauterine growth restriction,
congenital anomalies, neural tube defects, or spontaneous abortion [21, 23, 29]. The
DRI for folate during pregnancy is 600 mcg per day [28]. The major natural sources
of dietary folate are legumes, green leafy vegetables, liver, citrus fruits and juices, and
whole wheat bread. Compared to naturally occurring folate in foods, the folic acid
contained in fortified foods and supplements is almost twice as well absorbed, so that
1 mcg from these sources is equivalent to 1.7 mcg of dietary folate equivalents [23].
Because an adolescent’s diet tends to be low in foods naturally high in folate, such as
fruits and vegetables, nutrition counseling should focus on ways to incorporate both
fortified foods and fruits and vegetables on a daily basis [13]. Most women are not
able to meet the recommended intake of folate without supplements, and the general
recommendation is to supplement with 400 mcg of folic acid per day both prior to
and during pregnancy [13].

Fluid needs increase during pregnancy because of increased blood volume [17].
Adequate water helps the body maintain proper temperature, transports nutrients and
waste products, moistens the digestive tract and tissues, and cushions and protects
the developing fetus [17]. At least eight 8-0z cups of noncaffeinated fluids should
be consumed each day. Water is the best choice, as the body absorbs it rapidly.
Adolescents may obtain appreciable amounts of caffeine through consumption of
soft drinks and coffee or tea beverages. Caffeinated beverages can increase urinary
output, contributing to fluid depletion, and should be consumed in limited amounts
[17]. High-caffeine intakes have been linked to low birth weight and increased risk
of spontaneous abortion [23]. Prudent advice would be to discourage caffeine intake
above 300 mg/day [23]. To translate that level into servings, this equates to the amount
of caffeine in about two 8-o0z cups of brewed coffee (135 mg/cup), three 8-0z cups of
instant coffee (95 mg/cup), and six 8-o0z cups of leaf/bag tea (50 mg/cup). The caffeine
in a 12-o0z soft drink ranges from 23 to 71 mg [17]. Newer “energy drinks” are often
higher in caffeine and reading the labels is important.

Weight gain during pregnancy is a good assessment of the adequacy of an adolescent’s
dietary intake. How much should she gain? The IOM recommendations are 28—401b
(12.5-18kg) for women with body mass index (BMI) < 19.8, 25-351b (11.5-16kg) for
BMI=19.8-26, 15-251b (7-11.5kg) for BMI =26-29, and at least 15 1bs (7 kg) for BMI
>29. Adolescents should gain at the upper end of these ranges. These recommendations
were established in 1990, and several authors have suggested that they be revisited to
evaluate long-term effects on infant and child health. [11] There is agreement, however,
that weight gain should be based on prepregnancy BMI (kg/m?) to promote healthy
outcomes, avoid postpartum weight retention, and reduce risk of chronic diseases in
childhood and beyond [11, 13, 23]. The current recommendations by IOM are supported
by the American College of Obstetricians and Gynecologists (ACOG). Maternal weight
gain strongly influences fetal growth, infant birth weight, and length of gestation [21].
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The recommendation for obese women to gain at least 151b is to reduce risk for deliv-
ering small for gestational age infants [13]. The American Dietetic Association (ADA)
suggests that efforts should also be focused on assisting the postpartum adolescent to
return to a healthy weight to reduce risk to future pregnancies [23]. There is no benefit
in weight gain above the range suggested, and some indication of harm to mother and
baby has been reported (see Chap. 5, “Obesity in Pregnancy”). Very young teens may be
the exception to this for reasons discussed earlier regarding difficulties meeting nutrient
recommendations. However, more studies are needed to determine whether changes to
the IOM recommendations are warranted for the adolescent.

The overall issue of weight gain may be problematic for teens responding to the
“skinny” image presented in pervasive media. Croll in Guidelines for Adolescent Nutri-
tion Services [30] presents an entire chapter dedicated to body image issues and tools to
assist teens to establish a healthy appreciation for their unique appearance. She suggests
that routine patient counseling should include assessment for body image concerns, and
if present, teens should be provided with appropriate resources to address these issues.
In her book, Croll provides specific questions to use in assessing body image, and
suggests several strategies and tools to use with teens and their parents on body distortion,
dieting, and media literacy. The same source [30] also has a chapter by Alton on eating
disorders and offers diagnostic criteria and treatment information for these psychiatric
syndromes with disturbed body images.

8.5 ADOLESCENT BARRIERS TO HEALTHY EATING

Practically speaking, knowledge of nutrients and their value is often not sufficient to
encourage teenagers to consume the appropriate foods. Motivational approaches are often
necessary to enable diet-related behavior change and to assist the teen in overcoming envi-
ronmental obstacles and other barriers to healthy eating. Teens are frequently not involved
in either food purchase or preparation in the household. Their financial situation may pre-
clude the purchase of fruits and vegetables. For those who obtain supplemental food from
the Women, Infants, and Children (WIC) program, often purchases are expended before
the month is over. Also, school lunch choices for those still attending school are widely
varied from system to system, and the “optional” food line may be overwhelmed with
high-fat content items, providing relatively few healthy choices. For example, in northeast
Ohio, one local school system provides a basic healthy lunch (based on the US Food and
Drug Administration [FDA] guidelines), and then an 4 la carte menu of French fries smoth-
ered in cheese sauce, pepperoni or sausage pizza, fried-chicken sandwiches, cheeseburgers,
pretzels, baked potatoes (with sour cream, butter or cheese sauce as requested) and bags
of chips (personal observation). Teens frequent fast food restaurants and eat “‘junk” food at
home at a high rate, obtaining high numbers of calories and little in the way of necessary
nutrients. These issues need to be acknowledged and explored with each teen.

8.6 PROGRAMS AND RESOURCES FOR PREGNANT ADOLESCENTS

8.6.1 Community-Based Nutrition Programs

Each community will have a unique response to the need for adolescent services and
for others in need of nutrition support. There may be churches or food pantries that assist
those with food insecurity. Health care professionals should become familiar with these
local resources (or with the social worker, nurse, or person in the office answering the
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phones who knows these resources), understand how they can be utilized to assist the
adolescent, and know their limits. Networking with community health care providers
and health service employees is a skill that can be modeled for these young learners.

In addition, each community should have some way to access the WIC program.
Many adolescent patients will be eligible for WIC services. To be eligible, the pregnant
adolescent must meet specific residency, income, and nutritional risk criteria as specified
by WIC. To qualify based on nutritional risk, the adolescent must have a medically-
based risk such as anemia, be underweight (less than 100 pounds) or overweight (over
200 pounds), have a history of pregnancy complications or poor pregnancy outcomes,
or have other dietary risks such as failure to meet the dietary guidelines for any food
groups or have inappropriate nutrition practices, e.g., pica.

The WIC fact sheet states in part [31]: “In most WIC state agencies, WIC participants
receive checks or vouchers to purchase specific food each month that are designed to
supplement their diets. A few WIC state agencies distribute the WIC foods through
warehouses or deliver the foods to participants’ homes. The foods provided are high in
one or more of the following nutrients: protein, calcium, iron, and vitamins A and C.
These are the nutrients frequently lacking in the diets of the program’s target population.
Different food packages are provided for different categories of participants.

“WIC foods include iron-fortified infant formula and infant cereal, iron-fortified adult
cereal, vitamin C-rich fruit or vegetable juice, eggs, milk, cheese, peanut butter, dried
beans/peas, tuna fish, and carrots. Special therapeutic infant formulas and medical foods
may be provided when prescribed by a physician for a specified medical condition.”

The WIC program was started in 1974. Since its inception, numerous studies have been
performed to evaluate its effectiveness, and it has earned a reputation of being one of the most
effective nutrition intervention programs in the United States [32]. Various studies performed
by Food and Nutrition Services (FNS) of the US Department of Agriculture (USDA) and
other entities have demonstrated benefits for WIC participants including longer pregnancy
duration, less low-birth-weight infants, reduced infant morbidity and mortality, improved
infant feeding practices, and higher diet quality of pregnant and postpartum mothers [32].

The WIC program is a proven effective resource that should be pursued for any preg-
nant adolescent who qualifies. The general guidelines for the program are nationwide,
but each individual state has flexibility in implementing the program. Contacting the
local agency implementing the program and obtaining details of community specifics
will allow tailoring of interventions to build around the existing programs. The webpage
www.fns.usda.gov/wic/Contacts/ContactsMenu.HTM has agency contacts listed by state.
Providing a list for your patients of the locations of WIC offices along with other local
resources such as food banks, churches with meals, etc should be considered.

8.6.2 Group Programs

Educational and support groups have been used successfully to promote healthy behav-
iors in various populations with chronic diseases such as diabetes [33]. Several differ-
ent group programs have been described specifically for the pregnant adolescent [34-36].
Each program addresses nutrition differently, however. The Pregnancy Aid Center (PAC)
located in Maryland has been providing care to pregnant adolescents since 1995, and was
described by Bowman and Palley [35]. As part of this program, participants meet with
social workers in groups; social workers then assist these individuals with direct service
provision including transportation to and assistance with registration in government
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programs, including Medicaid and WIC. Bowan and Palley tracked 40 adolescent partici-
pants for a year and reported improved mean maternal weight gain and birth weights over
the background statistics for the area they served. These authors postulated that the indi-
vidual contact with social workers, who provided flexible services to participants, helped
to reduce program-related anxiety. Other reported positive outcomes of the program
included an increase in the number of participants who received regular prenatal care, and
areported 100% participation rate in WIC services for their study population [35].

Another program designed to deliver prenatal care with an emphasis on nutrition is the
CenteringPregnancy program developed by Sharon Rising. This program uses a structured
curriculum with clearly defined nutrition objectives. The content of the curriculum is
based on assessment, education, and skills building, and support [36]. CenteringPreg-
nancy uses the benefits of group interaction, emphasizes individual responsibility for
health, and combines it with well-designed information on important topics such as
prenatal nutrition and infant feeding [37]. Although preliminary, outcome data suggest
that this program has promise for reducing the incidence of preterm birth and low birth
weight in a cost effective manner [33, 38, 39].

Nutrition experts at the University of Minnesota as part of their Leadership, Educa-
tion and Training Program in Maternal And Child Nutrition have proposed a method of
counseling pregnant adolescents in individual and group sessions based on motivational
negotiation [40]. This technique has been described as “a dance,” in which the provider
is the expert in knowledge, and the client is the expert in her abilities, struggles, and
motivation. Motivational negotiation is a fairly new counseling technique that has shown
promise in changing adult and adolescent dietary and health-related behaviors. The tech-
nique and its applications for the pregnant adolescent are described in more detail and
can be accessed from the webpage www.epi.umn.edu/let/nutri/pregadol/index.shtm.

8.6.3 Internet-Based Programs and Resources

Our lives are increasingly influenced by the World Wide Web, which is now accessible
in our schools, workplaces, libraries, and homes. This technology has even greater impact
on the young as they have grown up with computers. Teenagers routinely access health
information on the Web. Therefore, computers can be a useful way of facilitating teenage
acquisition of health-related information. Importantly, the adolescent must be educated
on where to find accurate Web-based information.

The following is a list of websites that provide adolescents and their parents with
important, reliable information on prenatal care and related considerations. These web-
sites will change as the Web grows, but these are sites to explore and to share with your
adolescent patients.

1. http://www.marchofdimes.com/pnhec/159_153.asp. The March of Dimes provides good
factual information on weight gain, a printable chart, a game to play about what to put
in your grocery cart and other information presented at an appropriate reading level.

2. http://www.nlm.nih.gov/medlineplus/pregnancy.html#cat11. Medline has several topics
for nutrition in pregnancy and gives links to other good sources including Environmental
Protection Agency recommendations for fish and shellfish in pregnancy.

3. http://www.MyPyramid.gov/. This site presents the new food pyramid, with a chance
to register for an individualized record of food and activity. At present, it does not have
accommodation for pregnancy, and has a specific disclaimer for pregnancy and
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lactation, but a dietitian could provide extra information to personalize the pyramid. See
Chap. 1 (“Nutrient Recommendations and Dietary Guidelines for Pregnant Women”)
for a discussion of how the nutrients in the six food intake patterns, within the recom-
mended energy intake ranges for pregnancy, of the MyPyramid Food Guidance System
compare with the RDAs for other nutrients in pregnancy.
http://win.niddk.hig.gov/publications/two.htm. Fit for Two has tips for pregnancy. This is
not specifically for teens, but has appropriate reading level, good pictures, and graphics,
very appealing.

. http://www.nal.usda.gov/fnic/pubs/bibs/gen/vegetarian.htm presents a list of resources

for vegetarians that are useful for providers and consumers.

. http://www.vrg.org/nutrition/protein.htm has information on protein for vegetarians,

including vegans. Sample menus are provided.

. http://www.clevelandclinic.org/health/health-info/docs/1600/1674.asp?index=4724

provides information on appropriate diet for vegetarians.

. http://teamnutrition.usda.gov/library.html is a general resource on nutrition for young

teens, not specific to pregnancy, but it is a useful source for colorful materials. There is
also information about school lunch programs.

. http://www.fns.usda.gov/wic/ provides information about the WIC program, including

how to register.

http://www.nal.usda.gov/wicworks/ is a link to a 12-unit training module for WIC staff.
It has continuing education credits for nurses and dietitians. The material covered is
useful for any provider of nutrition education and includes information and guidance
for leading group discussions on nutrition topics.

Other sources to explore include the state agriculture department, dairy industry mate-

rials, and local university extension service fact sheets. The Web makes information
from other states just as accessible as your own state or local university. For example, at
www.nal.usda.gov/fnic/pubs/bibs/topics/pregnancy/pregcon.html there is a bibliography

of

available resources for nutrition, some specific to adolescents and includes ordering

information for many materials.

These websites will give you a place to begin developing resources. Ask your teen

patients to let you know when they find a site they like; use them as sources for Web news.
Assist them in evaluating the information presented on different websites; encourage
them to screen the information carefully before implementing recommendations. Some
questions to ask include:

e Who wrote the pages and is the author an expert?

What does the author say is the purpose of the site?

e When was the site created and last updated?

What is the source of information? Can it be confirmed?
Why is the information useful for my purpose? [41, 42]

8.6.4 Other Resources

Story and Stang’s Nutrition and the Pregnant Adolescent: A Practical Reference

Guide 2000 [13] is a very useful text for any program providing nutrition education.
There are handouts, suggestions for topics, and techniques and many hints for this area.
This text is available in downloadable form at www.epi.umjn.edu/let/pubs/nmpa.shtm.
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The Journal of Midwifery and Women’s Health provides several nutritional topics
in their Share with Women series. You can go to their website at www.jmwh.org and
print out information on weight gain during pregnancy, folic acid, eating safely during
pregnancy, and others. These are provided courtesy of the American College of Nurse
Midwives.

The March of Dimes produces many printed resources, in addition to their online
materials, for nutrition education, including an easy to read booklet, video on healthy
pregnancy for teens, and other fact sheets and materials. These may be accessed by going
to the professional section on the website www.marchofdimes.org.

The Philadelphia Department of Public Health has produced a beautiful brochure
supported by Title V, called “Healthy Foods, Healthy Baby.” It has great illustrations of
two teenagers, and takes them through pregnancy and the decision to breastfeed, in 28
pages. There are sections on eating out, grocery shopping, weight gain, and nausea and
vomiting. It includes weight chart and graph. The new nutrition pyramid information is
included in the 2007 version. It is available for order at: http://www.phila.gov/health/
units/mcth.

For those interested in implementing CenteringPregnancy (described above), the
association provides handbooks, self-assessment surveys, and printed information along
with recommendations for teaching aids as part of its initial training (www.centering-
pregnancy.com).

A larger concern throughout the provision of services to adolescents may be the
attitudes of providers. Are they viewed as “problems” since their pregnancy presents
risks? Kenneth R. Ginsberg proposes that professionals look to the patient’s strengths,
build on them, and reframe the issue in terms of what opportunities are present in the
situation [43]. This framework is consistent with Motivational Negotiation [39] and the
techniques presented in CenteringPregnancy [36-38]. For example, pregnancy gives a
young woman and her partner the chance to expand their knowledge of nutrition so they
can produce the healthiest child in the neighborhood. They can use that protein to make
brain cells, and consume those vitamins to make a healthy immune system. Ginsberg
[43] suggests that we consider resilience theory and move beyond the “problem” to
recognize the competency and strengths of the young woman.

8.7 CONCLUSION

Adolescents are a special challenge in nutritional interventions due to their develop-
mental stage, their increased nutritional requirements, and their perceptions of weight
gain. There are no “proven” techniques to address all these issues but the methods
summarized below show promise.

8.7.1 Recommendations to Health Care Providers Regarding
Nutrition and the Pregnant Adolescent

1. Evaluate each adolescent’s nutritional status at her initial visit and consider doing it each
trimester (if this is onerous for you, refer to a dietitian each trimester and follow up on
the client’s attendance at the visits).

2. Prescribe a good prenatal vitamin and evaluate the compliance; if she is unable to swallow
or hates the taste, find another choice (Flintstones vitamins with iron works well!).
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Prescribe iron supplements (especially to vegetarian teens).

Recommend calcium supplements (Tums is easy!).

Provide easy-to-read nutrition resources.

Send your patients to WIC at their first visit.

Establish group opportunities for young mothers for education and support (or find ones
already existing in your community, possibly the WIC office).

Graph weight gain for each young woman (visual learning) or better yet, provide her a
chart to graph her own weight (see above for sources).

. Provide material to explain the purpose of all weight gain (i.e. baby, placenta, fluids,

etc.); ask body image questions.
Use your dietitian as a resource, s’he has lots of materials and ideas that may be useful.
Enjoy the interaction with the young!

A striking issue that becomes apparent in the review of materials for adolescent care

is the lack of research in this area. There are obvious problems in doing randomized,
controlled trials with pregnant adolescents since not just one, but two patients (mother
and child) are affected, and both pose issues for informed consent. As providers, we
need to seek methods to overcome these barriers to develop effective tools and processes
to ensure the health and well-being of these individuals now and in the future. As we
discover these answers, we can promote adolescents’ strengths, their new knowledge,
and the confidence they build by successfully navigating this life passage.
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Anorexia Nervosa and Bulimia Nervosa
During Pregnancy

Sharon M. Nickols-Richardson

Summary Anorexia nervosa (AN) and bulimia nervosa (BN) present high-risk situa-
tions during pregnancy. These conditions have been associated with poor energy and
nutrient intakes, notably total energy; folate; vitamins B, B ,, and A; calcium; iron; and
zinc. Electrolyte imbalances are also of concern. Inadequate or excessive weight gain,
spontaneous abortion, intrauterine growth restriction, preterm delivery, and low birth
weight, among other adverse outcomes, have been reported in pregnant women with
AN or BN and their offspring. Screening and assessment of women for these eating
disorders during prenatal clinic visits is recommended. An interdisciplinary approach
to care during pregnancy, the postpartum period, and beyond is critical to the successful
management of AN or BN and optimal pregnancy outcomes.

Keywords: Anorexia nervosa, Binge eating, Bulimia nervosa, Compensatory behavior,
Purging

9.1 INTRODUCTION

During periods of severe caloric deprivation, reproduction becomes a nonessential life
function. For example, approximately half of all women of childbearing age experienced
amenorrhea during the Dutch Winter Famine of 1944—-1945 [1]. Reproduction requires a
nutritionally replete woman at conception and the availability of energy, macronutrients,
and micronutrients throughout pregnancy (see Chap. 1, “Nutrient Recommendations
and Dietary Guidelines for Pregnant Women™). A supply of energy that is balanced to
support eumenorrhea, implantation, and growth and development of the placenta and
other maternal and fetal tissues is critical for optimal pregnancy outcomes. Anorexia
nervosa (AN), bulimia nervosa (BN), eating disorder not otherwise specified (EDNOS),
and binge eating disorder (BED) represent conditions of energy, macronutrient, and
micronutrient imbalances for individuals with such eating disorders.

When occurring before, during, or after pregnancy, such a disorder may impact mater-
nal and fetal outcomes. Treatment prior to conception is ideal; however, screening for
eating disorders during pregnancy is important to facilitate early intervention that may
optimize maternal and fetal health.

From: Nutrition and Health: Handbook of Nutrition and Pregnancy
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9.2 EATING DISORDERS DEFINED

The American Psychiatric Association defines AN, BN, EDNOS, and BED based
on diagnostic criteria for each eating disorder [2]. Selected criteria are displayed in
Table 9.1. Very little is known about the incidence and outcomes of EDNOS and BED
during pregnancy. Thus, this discussion focuses on AN and BN.

9.2.1 Anorexia Nervosa

Characterized by extreme voluntary weight loss due to self-starvation or binge eating
followed by purging, AN occurs in 0.5-3% of the female population [3, 4]. Clinical
signs and symptoms of AN include an emaciated appearance, prepubertal features,
lethargy, lanugo, alopecia, acrocyanosis, hypothermia, swollen joints, pitting edema, and
bradycardia and hypotension. Biochemical evaluation often shows fluid and electrolyte
disturbances and hypercarotenemia as well as endocrine and hematologic abnormalities
such as hypothyroidism and anemia, respectively. Several cardiovascular irregularities
develop along with a host of gastrointestinal complications, particularly in those with
the binge eating—purging type of AN. Osteoporosis and skeletal fractures are common in
persons with AN. Some may experience peripheral neuropathy and seizures. Mortality
is as high as 22% in women with long-term AN [5].

9.2.2 Bulimia Nervosa

Individuals with BN engage in binge eating episodes, followed by compensatory
behaviors to prevent any increases in body weight. Purging behaviors include self-
induced vomiting or self-prescribed use of enemas, laxatives, or diuretics. Nonpurging
behaviors include fasting and excessive exercise. While clinically diagnosed BN occurs
in approximately 5% of the female population, up to 20% of women have reported
bulimic behaviors in their lifetimes [6, 7]. Clinical features of BN include Russell’s sign,
dental enamel erosion, dental caries, and enlargement of the parotid glands in those who
use self-induced vomiting as a purging behavior. Use of enemas, laxatives, and diuret-
ics as well as vomiting can lead to electrolyte imbalances, cardiac dysfunction, and
other neurologic disorders. Gastrointestinal symptoms may range from constipation to
esophageal or gastric rupture. In those who engage in nonpurging behaviors, electrolyte
imbalances, renal and cardiac dysfunction, and gastrointestinal disorders are common.
Mortality occurs in less than 10% of individuals with BN [8].

9.3 ETIOLOGY

Several models for the etiology of AN and BN have been developed. Genetic
foundations may explain up to 76 and 83% of the variance in AN and BN, respectively
[9]. Candidate genes include the serotonergic neurotransmitter system (5-HT,,), agouti
related melanocortin-4 receptor, uncoupling protein-2/-3, and the estrogen-beta-receptor.
Alterations in these genes would impact appetite regulation, mood, energy utilization, and
body weight [10, 11]. Other variables included in explanatory models involve biologic,
psychologic, sociologic, and behavioral factors. While multifactorial in nature, AN and
BN have relatively clear clinical manifestations and anticipated outcomes. Dire conse-
quences of AN and BN are expected in untreated and long-term conditions. Because of
these complications, pregnancy places the woman with AN or BN and her fetus at high
risk for adverse outcomes.
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9.4 ANOREXIA AND BULIMIA NERVOSA DURING PREGNANCY

AN and BN are typically manifested in the early postpubertal to young adult years
[12] and continue throughout the reproductive years [13]. Amenorrhea is a diagnostic
criteria for AN, suggesting that pregnancy is of little concern in a woman with this eating
disorder. However, approximately 10% of women who sought treatment in an infertility
clinic presented with AN or BN [14]. Moreover, 60% of women with oligomenorrhea
had eating disorders [14], indicating the desire for fertility despite any dysmenorrhea
associated with AN or BN.

Studies confirm that women with AN may become pregnant [15, 16], particularly
those women who are undergoing active treatment or are in remission [17]. While
pregnancies in women with active BN are more common than in women with active
AN, women with histories of AN and BN have similar pregnancy rates compared to
the general population of women of childbearing age [17, 18].

Many factors are important to a successful course and outcome of pregnancy. Yet,
prepregnancy weight and weight gain by the mother during pregnancy (see Chap. 2,
“Optimal Weight Gain”) are the two most salient indicators of infant outcome, including
birth weight [19, 20]. Common characteristics of AN and BN are body image dissat-
isfaction or disturbances and desire to prevent weight gain. Thus, pregnancy presents
a pivotal life cycle stage for a woman with AN or BN, because body weight and shape
transform gradually over the course of pregnancy and abruptly upon delivery.

9.5 NUTRITIONAL CONCERNS

Adequate dietary intake is essential to meet the energy demands of pregnancy as well as
to provide micronutrients that are critical to the growth and development of the woman and
her fetus. Specific nutrient requirements for pregnancy are presented in Chap. 1, (“Nutrient
Recommendations and Health Needs during Normal Pregnancy”). Nutrients of special
concern in the woman with AN or BN are discussed here (Table 9.2).

9.5.1 Energy and Macronutrients

Energy needs increase in the last two trimesters to support the maternal and fetal
products of pregnancy as well as spare protein to build these new tissues. Weight gain
serves as a proxy indicator that these tissues have developed normally (see Chap. 2,
“Optimal Weight Gain”). What is unique in AN is the controlled intake of food energy in
those with restricting type. Intakes of 200-700 kcal per day, typical of an individual with
restricting-type AN, are simply inadequate to supply the energy required for most suc-
cessful pregnancies. In binge eating—purging-type AN and purging-type BN, adequate
and even overly abundant kilocalories may be consumed—but are purged before the
body has the opportunity to either fully digest or absorb nutrients. With nonpurging-type
BN, adequate energy may be consumed; however, laxative, diuretic, and/or enema use
as well as excessive exercise may result in malabsorption, excessive excretion, or altered
utilization of nutrients such that the stream of nutrients is inadequate during pregnancy.

To provide an adequate amount of glucose and nonprotein kilocalories, over 175¢g
of carbohydrate per day are needed in pregnancy. If composed solely of carbohydrate,
700kcal would meet this minimum need; however, most intakes of women with active
restricting type AN do not contain adequate carbohydrate levels. Conversely, foods
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ingested during binge eating episodes have been shown to contain high amounts of
carbohydrate [21, 22]. Yet, if purged, malabsorbed, or used to support increased energy
expenditure of exercise, this carbohydrate is not readily available to support growth and
development of the mother and fetus. Low-carbohydrate diets do not meet the minimum
need for carbohydrate during pregnancy (see Chap. 13, “Popular Diets”’). Moreover, these
diets result in mild ketosis [23], which may pose harm to the fetus [24].

Protein intake is crucial to supply the amino acids needed for production of new
tissues and to support blood volume expansion and fluid balance. Restricted intake and
purging and nonpurging behaviors do not allow for the provision of adequate protein
during pregnancy. Vegetarianism is common in women with eating disorders [25].
Dietary protein and specific amino acid deficiencies may be of concern in women with
AN or BN who are also vegetarians (see Chap. 14, “Vegetarian Diets in Pregnancy).

A small portion of total kilocalories as dietary fat is needed to supply the essential fatty
acids—linoleic acid and alpha-linolenic acid. These fatty acids are crucial, however, to
the growth, development, and function of nerve and brain tissues, cell membranes, and
organs. Docosahexaenoic acid (DHA) plays a role in cognitive development and visual
acuity. Avoidance of dietary fat in women with AN or BN has been documented [26,
27]. This has implication for overall energy intake as well as absorption, metabolism,
and utilization of fat-soluble vitamins.

Balanced energy intake is critical to adequate weight gain and micronutrient avail-
ability during pregnancy. In general, total energy intake should be made up of 45-65%
carbohydrate, 10-35% protein, and 20-35% lipids or dietary fat [28].

9.5.2 Micronutrients

9.5.2.1 VITAMINS

The B-complex vitamins—folate, pyridoxine (B,), and cobalamin (B, ,)—are of
special concern in pregnant women with AN or BN. The metabolic needs for these
vitamins do not appear to be greater in pregnant women with AN or BN compared
with pregnant women without these eating disorders. However, due to past and present
eating behaviors, women with AN or BN may have subclinical deficiencies prior to
pregnancy and poor dietary intakes of these nutrients during pregnancy.

Folic acid supplementation prior to and in early pregnancy has been shown to reduce
the risk and incidence of neural tube defect (NTD) in the infant (see Chap. 17, “Folate: a
Key to Optimal Pregnancy Outcome”). The risk for NTD incidence was 1.7 times greater
in women with eating disorders compared with controls [29]. Moreover, NTD incidence
was 2.7 times higher in women who used diuretics compared with control women [29].
Folate intake is generally suboptimal in women with active AN and BN [30].

Pyridoxine and B, intakes are of concern in women with AN and BN as eating
pattern data show limited intakes of meat and whole-grain foods [25, 30], the primary
sources of these two nutrients. Vitamin B is required for serotonin synthesis. Serotonin
is a neurotransmitter that controls satiety and mood, and serotonin deficiency has been
implicated in AN, BN, and depression. A lack of dietary B, limits the conversion of
the amino acid tryptophan to serotonin, leading to poor functioning of the serotonergic
transmitter system. Moreover, in niacin deficiency, dietary tryptophan is competitively
converted to niacin. Thus, in certain phenotypes, inadequate dietary B intake may pre-
cipitate or exacerbate AN or BN and associated mood disorders.
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Because a vegetarian pattern of eating is relatively common in AN and BN, consump-
tion of meat, chicken, fish, milk products, and eggs varies widely. Cobalamin deficiency
may result in pernicious anemia for the mother and may impair deoxyribonucleic acid
(DNA) synthesis and nerve function in the offspring. Inadequate B , intake has been
reported in women with AN [30].

Hypercarotenemia is common in AN [31] and results in the yellowish skin tone some-
times observed clinically. Elevated blood carotene is due to catabolism of lipid stores
and not excessive intake. During pregnancy, vitamin A needs, inclusive of carotenoids
and retinoids, increase slightly to support cellular differentiation and tissue and organ
formation. Excessive consumption should be avoided (see Chap. 14, “Dietary Supple-
ments during Pregnancy: Need, Efficacy, and Safety”).

9.5.2.2 MINERALS

Notably in the last trimester of pregnancy, maternal skeletal calcium is mobilized and
calcium absorption is upregulated to meet the calcium demands of the fetus [32]. An
adequate supply of calcium is necessary to support mineralization of the fetal skeleton
(see Chap. 14). Osteoporosis risk is significantly greater in women who have expe-
rienced amenorrhea due to low estrogen concentration, as in AN. Therefore, women
with AN may begin their pregnancies with poor skeletal calcium reserves [33]. At least
1,000 mg of dietary calcium per day are needed during pregnancy for adult women; how-
ever, this requirement may be higher in the woman with AN who also has osteopenia or
osteoporosis. Dietary calcium intake in those with BN is generally adequate, with the
exception of vegan or fruitarian diets (see Chap. 15, “Vegetarian Diets in Pregnancy”).

The physiologic need for iron decreases in a woman with AN in relation to the dura-
tion of amenorrhea and degree of catabolism. However, during pregnancy, the iron
requirement increases by 50%. A woman with AN may have difficulty meeting this
requirement during pregnancy. Moreover, in those women with AN who also present
with iron-deficiency anemia prior to or during pregnancy, supplemental iron may be
necessary to meet the increased need.

Zinc intake is poor in women with AN and BN [30, 34], particularly in vegetarians.
This mineral is required for DNA and ribonucleic acid (RNA) synthesis, protein produc-
tion, and as a cofactor for enzymatic activity.

Electrolyte balance may be moderately to severely disturbed in those who engage in
purging, laxative and diuretic use, and excessive exercise. Self-induced vomiting can lead
to hypokalemia and hypochloremic alkalosis. Laxative and diuretic abuse is associated
with hypokalemia. Excessive exercise may result in hyponatremia and hypokalemia.
These compensatory behaviors lead to dehydration, elevation in blood urea nitrogen
(BUN), and retardation of glomerular filtration rate. Alterations in maternal kidney
function due to AN or BN may impair the efficiency with which fetal waste products
are excreted during pregnancy.

9.6 MATERNAL AND FETAL RISKS AND OUTCOMES

Pregnancy represents a life cycle stage during which energy balance is critical to
optimal outcomes for both mother and fetus. Body weight and shape changes that occur
during pregnancy and serve as indicators of appropriate energy, macronutrient, and
micronutrient intakes to support fetal growth and development must be accepted by the
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Table 9.3

Adverse Findings during Pregnancy in Women with Anorexia Nervosa (AN) or
Bulimia Nervosa (BN)

Maternal outcomes Fetal outcomes

* Inadequate or excessive body weight gain * Intrauterine growth restriction
* Spontaneous abortion * Preterm delivery

* Hyperemesis gravidarum * Low birth weight

* Relapse in AN or BN symptoms » Small for gestational age

* Worsening of AN or BN symptoms * Microcephaly

* Cesarean section * Short body length

* Death * Neural tube defect

* Postpartum depression * Other birth defects

* Poor Apgar scores

woman with AN or BN. A variety of risks and adverse outcomes have been documented
in women with AN or BN during pregnancy (Table 9.3).

9.6.1 Findings Related to Anorexia Nervosa

In studies that investigated only AN in pregnant women, inadequate weight gain [35,
36], spontaneous abortion [17], and delivery by cesarean section [17, 36] were common.
Other adverse events included hyperemesis gravidarum, intrauterine growth restriction
(IUGR), preterm delivery, and low birth weight (LBW) [35-41]. Unexpected maternal
death occurred in one pregnant woman with AN [42], and pregnancy and poor postpar-
tum coping appeared to have precipitated AN in another woman [43].

9.6.2 Findings Related to Bulimia Nervosa

Individual case studies and case series reports show a range of maternal and fetal
outcomes, largely due to the inconsistencies in use of diagnostic criteria, length of BN
history, treatment interventions during pregnancy, and lack of comparison to appropriate
controls [44—-49]. One consistent finding in these studies, however, was inadequate [45,
46, 48] or excessive [46, 49] weight gain.

Adverse outcomes in larger studies include inappropriate weight gain [50], sponta-
neous abortion [24, 50, 51], hyperemesis gravidarum, LBW, small for gestational age
(SGA), and poor Apgar scores [24, 50, 52].

9.6.3 Findings Related to Anorexia and Bulimia Nervosa

In those studies in which women with AN or BN were investigated together, risk
and incidence of inappropriate weight gain [53-55], hyperemesis gravidarum [56],
cesarean section [57], preterm delivery [58], LBW [56, 58, 59], SGA [56, 58], small
head circumference or microcephaly [56], short body length [59], NTD [29], and
other birth defects [57] were high. In general, women who entered pregnancy in
remission from their AN or BN had optimal maternal and fetal outcomes [50, 60],
while women with active eating disorders prior to conception and during pregnancy
fared less well [24, 58].
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9.7 CHANGES IN BEHAVIORS

A relapse in eating disorder symptoms in women who were previously in remission
may occur during pregnancy [56]. In active AN or BN, body dissatisfaction and low
body esteem may worsen during pregnancy [61] in addition to an increased frequency
of restricting, binge eating—purging, and nonpurging behaviors [36, 44, 46, 51, 58].
Conversely, AN or BN symptoms and behaviors improved during pregnancy in women
receiving treatment [45, 46, 53, 54] and not currently receiving treatment [47, 49, 55,
61-63]. Yet, postpartum resumption of AN and BN behaviors occurred with some regu-
larity [45, 46, 48, 49, 54, 55, 62, 63].

Postpartum depression (PPD) requires assessment in women with AN or BN as this
mood disorder is tightly linked to eating disorders [64, 65]. While most studies report
an increased incidence of PPD in women with AN or BN [24, 57, 64, 65], one study
reported fewer symptoms of depression in women with treated BN who delivered infants
compared to women with treated BN who had not given birth [66].

9.8 NUTRITION CARE OF WOMEN WITH ANOREXIA
OR BULIMIA NERVOSA DURING PREGNANCY

The first step in the nutrition management of the pregnant woman with AN or BN is
identification of the eating disorder. Assuming that prenatal care is sought, many women
with AN or BN do not disclose their conditions at any of their prenatal visits [42, 46, 49].
In addition, most obstetricians do not inquire about eating disorders in their patients. For
example, only 18% of obstetricians in prenatal clinics questioned their pregnant patients
about AN and BN [67]. The secrecy of these disorders and lack of inquiry lead to sub-
optimal care of these pregnant women.

9.8.1 Assessment

Clinicians may pose several questions to their patients to identify preexisting or newly
developed AN or BN (Table 9.4). Once such screening suggests the coexistence of pregnancy
and an eating disorder, medical nutrition therapy (MNT) can be applied. As part of MNT, a
full nutritional assessment involves systematic collection and evaluation of anthropomet-
ric, biochemical, clinical, and dietary intake data. In addition, functional and behavioral
status may be evaluated based on responses to screening questions (Table 9.4).

9.8.1.1 ANTHROPOMETRIC DATA

An easily obtained parameter of adequate dietary intake and fetal growth is maternal
body weight. Body weight should be measured at each prenatal visit, recognizing that
this assessment may make a woman with AN or BN uncomfortable. Some women may
even refuse to have body weight measured. In those women who may increase eating
disorder behaviors with body weight gain [46, 48, 50], nondisclosure of weight changes
may be appropriate. Alternatively, in women who relax their eating disorder behaviors
during pregnancy [45-47, 49, 55], discussion of weight changes may provide positive
reinforcement of healthy behaviors. Inadequate [35, 36, 45, 46, 48] and excessive [46,
49, 50] weight gain must be tracked and compared to the recommended weight gain
based on prepregnancy body mass index (BMI) (see Chap. 2) and any needed nutritional
repletion in AN.



Table 9.4

Screening for an Eating Disorder During Pregnancy

Body weight

1

1.

©NO LR W

9.
0.

What is your current weight? Current height?

What is your usual weight?

What was your highest weight as an adult?

What was your lowest weight as an adult?

Have you had any changes in weight in the last month?

Does your weight fluctuate very often? If yes, by how much and how often?
How much weight do you think that you will gain during this pregnancy?
How much weight do you want to gain during this pregnancy?

Do you think that your body shape will change during this pregnancy?
What do you think about any body shape changes?

Weight control tactics

Have you previously (or are you currently):

Nk wd -

8.
9.
10.

Dietary intake

1

1.

PN R WD

9.
0.

Gone on (On) a diet to lose weight?

Fasted (Fasting) for more than or equal to eight hours (other than during sleep)?
Made yourself vomit (Vomiting frequently)?

Used (Using) laxatives? If yes, how often?

Used (Using) diuretics? If yes, how often?

Eaten (Eating) very large amounts of food in a short period of time? If yes, how often?
Restricted (Restricting) the amount of food or beverages that you consume(d)? If yes,
how often?

Eaten (Eating) in private or in secret?

Avoided (Avoiding) certain types of food?

Engaged (Engaging) in exercise? If yes, what type, frequency, duration, and intensity?

How frequently do you eat foods and drink beverages?

Do you ever skip meals?

Do you have any food allergies?

Do you have any food cravings?

Do you have any food aversions?

Have you had morning sickness?

Do you drink fluids in place of solid foods or meals?

Do you take any vitamin and/or mineral supplements?

Do you take any other supplements such as herbal products?
Do you use sugar substitutes or fat substitutes?

General health

[u—y

—

ORI B LD

Were your menstrual cycles regular prior to this pregnancy?

Have you experienced constipation or diarrhea?

Have you experienced heartburn?

Do you feel “stressed” or anxious?

Do you think that you are “retaining fluid”?

Have you felt weak or light-headed?

Are you experiencing frequent urination?

Are you taking any over-the-counter or prescription medications?

Do you plan to breastfeed your infant?

How does this pregnancy compare to your previous pregnancy (pregnancies)?
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Body weight and weight gain may be affected by the patient’s hydration status, glyco-
gen stores (in AN), and changes in lean and fat mass. Body composition testing during
pregnancy may be performed by bioelectrical impedance analysis but is significantly
affected by hydration status. Skin fold and circumferential measurements will be affected
by differential changes in maternal body fat deposition. Dual-energy X-ray absorptiometry
should not be performed during pregnancy. Pitting edema may be a sign of BN.

9.8.1.2 BIOCHEMICAL OR LABORATORY DATA

Biochemical or laboratory values are generally normal in women with AN or BN.
During semistarvation in AN, catabolic and compensatory mechanisms mobilize tissue
stores, releasing nutrients to the serum pool. As a result, hypercarotenemia is often found
in women with moderate to severe AN. Yet when serum concentrations of nutrients are
low, severe AN is likely. At this point, several B vitamins, including B, and B, and
minerals, such as zinc, will show signs of depletion. Dehydration in either AN or BN
may falsely normalize or elevate several biochemical markers of nutritional status, such
as serum albumin and iron. Thus, establishing normal hydration is important for accurate
nutrition assessment. Vitamin and mineral supplement use is common in AN and BN
and may mask nutrient deficiencies. Elevated blood lipids may be noted in the majority
of women, due to liver and hypothalamic dysfunction in AN and inappropriate intake of
dietary fats or lipids in AN or BN during binge eating.

9.8.1.3 CLINICAL DATA

Upon clinical assessment, signs and symptoms of AN or BN will be present (see Sect.
9.2 and Table 9.1). Bleeding gums or sensitive teeth may present as new symptoms or
worsened conditions. Assessment instruments such as the Eating Disorders Examination
[68] may also be useful when evaluating the full clinical picture and relate to the func-
tional and behavioral aspects of AN or BN.

9.8.1.4 DIETARY INTAKE DATA

Methods designed to gather dietary intake information include dietary history, food
frequency questionnaire, 24-h recall, and food diary or record. A variety of techniques
for data collection, including written, computerized, and Web based have been used with
validated instruments. Dietary intake data may be evaluated for energy, macronutrient,
and micronutrient intakes; food patterns; food groups; and/or food variety. Comparison
to established standards is important, as is comparison to the woman’s previous intake.
Such evaluation will identify foods, nutrients, and/or eating behaviors of concern as well
as areas where improvements have been made.

Inquiry about eating behaviors may also uncover related issues such as food cravings
or aversions, timing and triggers of intake, and fasting and ritualistic behaviors. These
may be linked to dental problems, morning sickness, hyperemesis gravidarum, gastroin-
testinal symptoms, and mood changes during pregnancy.

9.8.2 Nutrition Diagnosis

Based on the nutrition assessment, the registered dietitian can establish a nutrition
diagnosis (or diagnoses). Such statements identify nutrition problems (diagnostic
labels), related etiology, and distinguishing characteristics (signs and symptoms) and
are important to document in the medical record. These nutrition diagnoses serve as
the foundation for nutrition interventions, monitoring and evaluation, and anticipated
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Table 9.5
Examples of Nutrition Diagnostic Statements for Women with Anorexia Nervosa or Bulimia
Nervosa during Pregnancy

» Inadequate energy intake (problem) related to restriction of food intake (etiology) as
evidenced by mean daily dietary intake of less than 1,000 kcal per day and 7-1b weight loss
during the past 6 weeks (signs)

* Frequent stool output (problem) related to thrice daily use of laxatives and low—dietary
fiber intake (etiology) as evidenced by increased diarrhea, dehydration, and estimated
average daily dietary intake of fiber of less than 2 g per day (signs and symptoms)

» Suboptimal folate intake (problem) related to avoidance of leafy green vegetables, or-
ange fruits, and fortified grain products (etiology) as evidenced by red blood cell folate of
2.7nmol/l (sign)

* Hypokalemia (problem) related to increased frequency of self-induced vomiting (etiology)
as evidenced by change in self-reported behaviors and serum potassium of 2.9 mmol/l (sign)

» Rapid weight gain (problem) related to relaxation of compensatory behaviors (etiology) as
evidenced by self-reported change in behaviors, weight gain of 121b from the 14th to 18th
week of gestation, and average dietary intake of approximately 1,000kcal per day beyond
estimated energy needs (signs)

outcomes. Table 9.5 presents examples of nutrition diagnostic statements for AN or
BN during pregnancy.

9.9 NUTRITION INTERVENTION

Working from nutrition diagnoses, areas for nutrition intervention that will positively
alter behaviors, reduce risks, and improve and/or promote the health of the mother and
fetus can be identified. Pregnancy can provide a unique opportunity to improve AN or
BN behaviors if interventions focus on fetal nutritional requirements [45, 47, 55], fetal
growth and development [45, 46], and relationships among maternal body weight gain,
shape changes, and fetal growth [47]. Planning individualized, patient-focused care,
activities, and expected outcomes is essential. The overall goal of nutrition intervention
is to “promote the consumption of foods that will best meet the nutritional requirements
of pregnancy, essential for fetal growth and development, within the context of the
woman’s often uncontrolled [or overly restricted] eating” [60, p 452].

The primary objective for AN isto gradually increase energy intake to support a positive
energy balance to allow repletion of the mother while meeting fetal energy demands. An
intake of 130% of estimated energy needs is initially recommended. Reaching this goal
should be attained through incremental increases of 100-200 kcal per day approximately
twice per week. In the first trimester, additional kilocalories are not needed to support
fetal growth and development; however, maternal weight gain of one to two pounds per
week may be expected due to repletion of maternal energy stores. During the second
and third trimesters, energy intake should increase beyond maternal repletion needs to
supply requirements of the fetus (see Table 9.2). Frequent recalculation of estimated
energy needs is necessary to adjust for changes in body composition, basal metabolic
rate, and energy expenditure, including physical activity.

The primary objective for BN is to disrupt binge eating—purging episodes and eating
restraint so that intake becomes more consistent, and to stop other compensatory behaviors
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to achieve a stable energy and nutrient supply. In the first trimester, when additional energy
isnotrequired, body weight stabilization is critical. Approximately 100—130% of estimated
energy needs are recommended, depending on prepregnancy BMI, weight fluctuations, and
energy expenditure of physical activity. Through the second and third trimesters, additional
energy intake should match recommended increases. In those women with BN who are also
overweight or obese, dietary recommendations specific to these conditions should also be
considered when setting energy intake levels (see Chap. 5, “Obesity and Pregnancy”).

As stated above, macronutrient distribution of total energy in both AN or BN should
be made up of 45-65% carbohydrate, 10-35% protein, and 20-35% dietary fat or lipids.
Adjustments may be needed based on food aversions, gastrointestinal complaints,
continued binge eating—purging episodes, or other issues.

Vitamin and mineral supplementation is warranted in pregnant women with AN or
BN. A prenatal supplement that meets but does not exceed 100% of the Dietary Refer-
ence Intake for micronutrients for adult women is suggested to allow for consumption
of food-based nutrients and to avoid excessive intakes that may potentially occur from
binge eating. A thorough discussion of prenatal supplements is found in Chap. 14.

The registered dietitian should involve the patient in menu planning and food selection.
Emphasis on specific micronutrient intake is important to stress the relationship of these
nutrients to optimal fetal growth and development.

Nutrition education is a vital intervention component. Most women with eating
disorders are well versed in nutrition facts and knowledge. However, they may be less
aware of nutrition needs for healthy pregnancies. Discussion of micronutrient require-
ments and roles of these nutrients in fetal growth and development may redirect the
mother’s preoccupation with body weight and shape to fetal needs for intrauterine
health. Other important nutrition education topics are listed in Table 9.6.

Table 9.6
Nutrition Education Topics during Pregnancy in Women with Anorexia Nervosa
or Bulimia Nervosa

* Body weight gain: where does this weight go?

* Pregnancy outcomes with maternal malnutrition: what are the risks?

* Behavioral strategies to improve eating and intake

* Menu planning, food choices, and portion sizes

» Differences between nutrients from foods and from prenatal supplements
» Folate intake and neural tube defect

* Meeting fetal nutrient needs with a vegetarian diet

* Alcohol intake: what are the effects?

» Caffeine intake: what are the effects?

* Distinguishing morning sickness from self-induced vomiting

* Severe vomiting, prolonged morning sickness, and hyperemesis gravidarum
* Managing constipation, diarrhea, hemorrhoids, and heartburn

» Pica practices

» Exercise recommendations

* Postpartum body weight loss: what can be expected?

* Planning for lactation

* Energy and nutrient needs of lactation

* Postpartum eating: maintaining healthy habits




Chapter 9 / Anorexia Nervosa and Bulimia Nervosa During Pregnancy 129

9.10 MONITORING AND EVALUATION

At each prenatal visit, eating disorders screening may be conducted (see Table 9.4)
along with measurement and documentation of parameters or outcomes related to
nutrition interventions and diagnoses. Body weight and rate of weight gain should
be tracked and evaluated. Adjustments in energy intake should be based on appropri-
ateness of weight changes. Eating behaviors and dietary intake should be examined
at each prenatal visit to assess the adequacy of dietary composition and patterns of
intake. Changes in purging and nonpurging behaviors should be noted and addressed.
Fingersticks to check hematocrit and glucose may be useful in the monitoring of iron
status and hypoglycemia or hyperglycemia. In women with established eating dis-
orders, urinalysis may detect starvation or dehydration as noted by urinary ketones,
elevated specific gravity, and alkaline urine. Vital signs will show any change in gen-
eral health status. Glucose tolerance testing should be conducted in the 24th to 28th
week of pregnancy to screen for gestational diabetes mellitus (see Chap. 10, “Diabetes
and Pregnancy”). Resolution of any nutrition diagnoses should be documented and
any new issues addressed.

More aggressive and intensive inpatient care may be warranted if monitoring and
evaluation shows a worsening of the eating disorder, [IUGR, or other fetal growth and
development problems. In AN or BN, a reduction in body weight to less than 75%
of expected; hypokalemia, hyponatremia, or hypochloremic alkalosis; dehydration;
hyperemesis gravidarum; cardiovascular changes; prolonged fasting; uncontrolled
binge eating—purging cycles; severe depression; suicidal ideation; and any obstetrical
complication are justification for hospitalization.

9.11 PLANNING FOR POSTPARTUM CARE

Relapses in eating disorders often occur in the postpartum period [46-50, 55]. More-
over, the rate of PPD in women with eating disorders is high (see Chap. 19, “Postpar-
tum Depression and the Role of Nutritional Factors”). Changes in estrogen status and
estrogen-beta-receptor function or other gene—nutrient interactions may be responsible
for observed relapses. The registered dietitian should work closely with the patient
toward the end of pregnancy to set realistic goals for dietary intake, weight loss, eating
behaviors, and expectations during lactation.

9.11.1 Interdisciplinary Care

Nutrition care is but one part of treatment for AN or BN. These complex disorders
require multidisciplinary and integrated care, due to the multifactorial etiology and
wide scope of signs and symptoms. The obstetrician, nurse practitioner, psychologist
or psychiatrist, dietitian, dentist, social worker, family therapist, occupational therapist,
pharmacist, certified exercise physiologist, and other allied health care professionals must
openly and cohesively interact with one another and most importantly with the patient to
provide effective treatment. Cognitive-behavioral therapy is used to modify anorexic and
bulimic behaviors. Medications may be used in treatment, but a risk—benefit assessment
for use during pregnancy should be completed (Table 9.7). An increased frequency of
prenatal visits is warranted in these high-risk conditions. Monitoring of fetal heart rate and
more frequent ultrasounds may shift the center of attention from the mother’s AN or BN
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behaviors to the growing fetus. An informal or formal support network that includes friends,
family members, and possibly other patients can provide more constant reassurance, advice,
assistance, and positive reinforcement, often valued by women with AN or BN.

9.12 CONCLUSION

Women with active AN or BN during pregnancy are at high risk for adverse outcomes.
Ideally, treatment of the AN or BN should occur prior to conception. If not feasible,
screening for and assessment of eating disorders during prenatal visits is critical. If an
eating disorder is detected, then interdisciplinary care is vital to address all medical
issues of the mother and developing fetus. Nutrition requirements of both the mother
and fetus must be addressed, and eating patterns and behaviors that optimize a consistent
and appropriate stream of nutrients to mother and fetus are key components of care.
Treatment of the woman with AN or BN during pregnancy should not end at delivery,
but rather, must continue into the postpartum period and beyond.

9.13 CASE STUDY: BULIMIA NERVOSA DURING PREGNANCY

T.J. is a 32-year-old Caucasian, married woman, gravida 2, para 1, seeking prenatal
care in the 11th week of gestation. Medical history reveals current BN, the onset of
which occurred in the third month postpartum of her previous pregnancy. Since the onset
of BN at age 27, T.J. has engaged in binge eating—purging cycles at least twice per day,
consuming approximately 2,200kcal of high-fat, high-carbohydrate snack-type foods
during each binge with subsequent vomiting. She reports “problems with my teeth” and
“frequent heartburn.” T.J. denies laxative, diuretic, or enema use, but admits to moderate
exercise of “fast-paced walking” of up to 2h per day. She was dissatisfied with her body
shape and inability to quickly lose weight after her first pregnancy and is fearful that she
will lose control of her body weight during this pregnancy. She gained 471b during her
first pregnancy. T.J. currently weighs 1451b and is 5’ 7". Laboratory values are within
normal limits. She reports having the “baby blues” after her first delivery and “frustra-
tion” with her husband who “travels too much to be of any help with our child.” T.J.
has not confided in her husband regarding her BN and engages in binge eating—purging
episodes “in secret.”

1. Calculate T.J.’s body mass index and determine an appropriate weight gain for T.J. for
her current pregnancy.

2. Estimate T.J.’s energy needs for weight maintenance and weight gain during pregnancy.

3. With T.J., plan a 7-day menu that includes appropriate food choices to meet nutrient
needs of pregnancy and strategies to avoid binge eating.

4. Identify potential adverse outcomes for T.J. and her fetus if BN continues during this
pregnancy.

5. Discuss the impact of T.J.’s exercise habits on her energy needs and course of pregnancy.

6. Establish criteria to monitor and evaluate T.J.’s BN during pregnancy on an outpa-
tient basis. Identify key indicators that will be used to determine if inpatient care is
needed.

7. List all of the health professionals and others who should be involved in T.J.’s prenatal
care and provide reasons for their involvement.
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1 O Diabetes and Pregnancy

Alyce M. Thomas

Summary Diabetes mellitus is the most common complication in pregnancy, affecting
nearly 8% of all pregnancies. Nearly 90% of women with diabetes develop the condition
during pregnancy; diabetes in the other 10% antedated the pregnancy. Since the discovery
of insulin, perinatal mortality rates for women with diabetes have decreased, however,
infant morbidity remains higher than in the nondiabetes pregnant population.

Diabetes in pregnancy can be classified as type 1 diabetes, type 2 diabetes, and
gestational diabetes mellitus (GDM). Type 1 diabetes is characterized by insulin defi-
ciency caused by autoimmune destruction of the pancreatic beta-cells. Type 2 diabetes
is associated with insulin resistance and obesity rather than insulin deficiency. GDM
is defined as glucose intolerance with onset or first recognition during pregnancy.

The risk for maternal and fetal complications decreases if the woman is in optimal
blood glucose control during pregnancy. Women with preexisting diabetes should receive
preconceptional counseling during their childbearing years to achieve and maintain
glycemic control and to address medical conditions that could affect the pregnancy.

Self-management is the key to reducing the risks associated with diabetes and preg-
nancy. For women with preexisting diabetes, these include medical nutrition therapy
(MNT), insulin therapy, self-monitoring of blood glucose and ketones, and physical
activity. Current nutrition recommendations for the treatment of diabetes may be used
for pregnant women with type 1 diabetes and type 2 diabetes. MNT is the cornerstone
of treatment for women with GDM. Most women with GDM can control their blood
glucose by following a carbohydrate modified meal plan that also provides sufficient
energy and nutrients to promote maternal and fetal health. Occasionally, medication
may be added to maintain optimal blood glucose control.

Breastfeeding is not contraindicated in GDM and should be encouraged. Women with
GDM in a previous pregnancy are at risk of developing this condition in subsequent
pregnancies and type 2 diabetes later in life. Women should be encouraged to develop
healthy lifestyles to decrease their risk of developing diabetes-related conditions.

Keywords: Preexisting diabetes, Gestational diabetes mellitus, Congenital anomaly,
Insulin resistance, Insulin sensitivity, Normoglycemia
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10.1 INTRODUCTION

Diabetes mellitus affects 20.8 million or 7% of the United States’ population, with
14.6 million diagnosed cases and 6.2 million unaware they have the disease [1]. It is the
most common complication of pregnancy, estimated at 8% of all pregnancies or more
than 200,000 cases annually [2]. Nearly 90% will develop diabetes during pregnancy
[3]; the other 10% had diabetes that predated the pregnancy [2]. Although perinatal
morbidity and mortality have decreased in the last 80 years, the prevalence of fetal
complications in women with diabetes is higher than in women without diabetes. With
intensive management and optimal glycemic control, prior to and throughout pregnancy,
women with diabetes can reduce their risk of perinatal complications.

10.2 HISTORICAL BACKGROUND

Before 1921, women with diabetes were advised to avoid pregnancy or to abort if they
conceived because of adverse perinatal outcomes. If the pregnancies advanced to the
stage of fetal viability, the infants were often stillborn or were born with major malfor-
mations. Medical nutrition therapy was the primary method of management for pregnant
women with diabetes prior to 1921; however, the diets were often severely restricted or
nutritionally unbalanced. These dietary approaches varied from high carbohydrate-low
protein, or high protein—high fat, to brief periods of starvation [4, 5]. Alcohol was often
included because of its calming effect on the mother [6].

Although insulin injections revolutionized diabetes management, nutrition therapy
remained virtually unchanged in the early years after its discovery. In 1937, Priscilla
White, a physician at the Joslin Diabetes Center in Boston, Mass., developed a new meal
plan, which consisted of 30 kcal/kg body weight, 1 g protein/kg actual body weight, and
180-250 g carbohydrate with the remainder as fat [7]. Other researchers used similar
meal plans to achieve maternal blood glucose control [8, 9].

During the 1950-1960s, health care providers were concerned with the risk of
macrosomia and hypertension in pregnancy. Weight gain and sodium were restricted
to less than 151b and 2 g, respectively, in all pregnant women. After the publication of
Maternal Nutrition and the Course of Pregnancy in 1970 [10], weight gain recommen-
dations were increased to 22-301b, and the sodium restriction was discontinued. This
comprehensive literature review found no evidence to support the restriction of weight
or sodium in pregnancy. However, weight gain and sodium restrictions for pregnant
women with diabetes continued until 1970, when the American Diabetes Association
recommended the same regimen for pregnant women with diabetes as for the general
pregnant population [11]. Today, pregnant women with and without diabetes follow the
same weight gain recommendations.

10.3 CLASSIFICATION OF DIABETES

The American Diabetes Association defines diabetes mellitus as a group of metabolic
diseases characterized by hyperglycemia resulting from defects in insulin secretion,
insulin action or both [12]. The main classification of diabetes mellitus is type 1, type 2,
and GDM.

Type 1 diabetes, formerly known as insulin-dependent or juvenile-onset diabetes,
is characterized by autoimmune destruction of the pancreatic beta-cells and accounts
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for 5-10% of all diabetes cases. Type 1 diabetes requires exogenous insulin for
survival and is diagnosed primarily in persons less than 30 years of age. Type 2
diabetes, which accounts for almost 90% of diabetes cases, was previously known as
adult-onset or non-insulin dependent diabetes. Insulin resistance rather than insulin
deficiency and obesity are associated with type 2 diabetes. GDM is defined as any
degree of glucose intolerance with onset or first recognition during pregnancy. The
definition applies if medication or MNT is used in treatment or the condition per-
sists after pregnancy. It does not exclude the possibility that the diabetes may have
existed prior to pregnancy.

Diabetes in pregnancy is classified whether the condition predated (type 1 diabetes
or type 2 diabetes) or was diagnosed during pregnancy (GDM). Other classifications
have been used to identify risk factors associated with diabetes in pregnancy, including
age of onset, presence of preexisting complications and degree of metabolic control
[13, 14].

10.4 PREEXISTING DIABETES

10.4.1 Pathophysiology of Normal Pregnancy

During pregnancy, the fetus receives nutrients from across the placenta, including
glucose, amino acids, and fatty acids via either active transport or facilitated diffusion.
In the first trimester, maternal glycogen storage and endogenous glucose production
increase. Pregnancy hormones (human placental lactogen and cortisol), estrogen, pro-
gesterone, and the constant fetal demand of glucose lower fasting maternal blood glu-
cose levels [15, 16]. The maternal appetite is stimulated resulting in consumption of
additional calories. Fasting and postprandial glucose levels rise in response to the extra
glucose required for fetal growth. Elevated hormonal levels increase insulin resistance
and the beta-cells produce and secrete additional insulin as glucose is transported across
the placenta. Insulin resistance peaks by the latter part of the third trimester, which is
characterized by a three-fold increase in insulin production and secretion. After delivery,
insulin production returns to prepregnancy levels.

Other hormones thought to affect insulin resistance include leptin, insulin-like
growth factors, relaxin, and adiponectin [17-19]. Maternal insulin does not cross the
placental barrier unless bound to insulin immunoglobulins. Fat is deposited and stored
primarily in early pregnancy, then mobilized in the third trimester as fetal energy
demands increase. Free fatty acids have been shown to contribute to insulin resistance
in late pregnancy [20].

10.4.1.1 TYPE 1 DIABETES

Insulin is necessary for carbohydrate, fat, and protein metabolism. In type 1 diabetes,
blood glucose levels remain elevated as insulin deficiency and the rise in free fatty acids
lead to the formation of ketones and beta-hydroxybutyrate. The risk of diabetic ketoaci-
dosis increases in the absence or lack of insulin. Women in optimal glycemic control
may experience increased insulin sensitivity and decreased insulin requirements in the
first trimester. During the second and third trimesters, elevated hormonal levels increase
insulin resistance and additional insulin is necessary to maintain normal maternal glyc-
emic levels and decrease fetal complications.
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10.4.1.2 TYPE 2 DIABETES

Type 2 diabetes is associated with impaired insulin secretion, insulin insensitivity, and
pancreatic beta-cell dysfunction. Women with type 2 diabetes tend to be older, heavier,
and have higher insulin resistance than women with type 1 diabetes. The fetal pancreas
is stimulated to secrete additional insulin in the presence of excessive glucose. Higher
fetal insulin levels may result in macrosomic growth. Exogenous insulin may be neces-
sary to maintain normoglycemia as insulin deficiency and insulin resistance increase.

10.4.2 Complications Associated with Preexisting Diabetes

Complications associated with diabetes can adversely affect both the woman and
fetus. The incidence of fetal complications is correlated with maternal glycemic control
and the trimester of pregnancy.

10.4.2.1 FETAL

Congenital malformations and spontaneous abortions are associated with maternal
hyperglycemia in the first 12 weeks of gestation. The central nervous system, heart,
lungs, gastrointestinal tract, kidneys, urinary tract, skeleton, and placenta are all vulner-
able to adverse effects (Table 10.1) [21-23]. The frequency and severity of complica-
tions decrease if maternal normoglycemia is maintained throughout pregnancy.

Second- and third-trimester fetal complications include macrosomia, neonatal
hypoglycemia, neonatal hypocalcemia, hyperbilirubinemia, polycythemia, respiratory
distress syndrome, preterm delivery, and stillbirth. With the exception of stillbirth, other
complications are more closely associated with infant morbidity than mortality.

Macrosomia is the most common complication associated with diabetes and pregnancy,
estimated at 20-45%, depending on the population [24, 25]. The definition of macro-
somia varies and ranges from 4,000 to 4,500 g [26]. Macrosomia is thought to occur if
maternal glycemic levels are elevated in the third trimester. Pedersen hypothesized that
maternal hyperglycemialeads to fetal hyperglycemia, which stimulates the fetal pancreas
to produce excessive insulin and results in excess growth [27]. Macrosomic infants have
disproportional large fetal trunks in relation to their head size, thereby increasing the risk
of difficult delivery, shoulder dystocia, brachial plexus palsy, or facial nerve injury.

Neonatal hypoglycemia is a fetal serum glycemic level <35 g/dl in the first 12h of
life. Maternal glucose transport abruptly ceases when the umbilical cord is clamped. If
fetal hyperinsulinemia continues, the infant will experience a rapid decrease in glycemic
levels. The preferred method of treatment is oral feeding, preferably with breast milk,
and frequent blood glucose monitoring within the first 4-6 h of life. Respiratory distress
syndrome is caused by a deficiency of surfactant, necessary for fetal lung maturity.
Neonatal hypocalcemia is serum calcium <7 mg/dl. Hyperbilirubinemia occurs when
the serum bilirubin level of the neonate >13 mg/dl. Polycythemia, which is a hematocrit
>65% at delivery, could lead to perinatal asphyxia. The risk of these conditions decreases
if the mother maintains optimal glycemic control throughout pregnancy.

Advances in diabetes research and management have led to decreased risks of stillbirth
in infants born to women with preexisting diabetes, though it remains higher than in
the general pregnant population. Maternal vascular complications, poor blood glucose
control, and inadequate or no prenatal care are associated with higher rates of stillbirths
in women with diabetes prior to pregnancy.
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Table 10.1
Congenital Anomalies Associated with Preexisting Diabetes and Pregnancy

Central Nervous System
* Neural tube defects (e.g., anencephaly, spina bifida, hydrocephalus)
* Microcephaly
* Dandy-Walker complex
Cardiovascular
* Coarctation
* Transportation of great vessels
* Truncus arteriosus
* Aortic stenosis
Gastrointestinal
* Duodenal atresia
* Anorectal atresia
* Gastroschisis
Genitourinary
* Renal agenesis
* Hydronephosis
* Cystic kidneys
* Anal/rectal atresia
Skeletal
* Caudal regression syndrome
From [21-23]

10.4.2.2 MATERNAL

Preconceptional maternal complications include nephropathy, neuropathy, retinopa-
thy, hypertension, and diabetic ketoacidosis. Diabetic nephropathy is associated with
other complications including preeclampsia, anemia, intrauterine growth restriction,
fetal demise, and preterm delivery [28, 29]. If maternal glycemic levels are in optimal
control before conception, the severity of complications and further renal deterioration
during and after pregnancy are reduced. Pregnancy itself is not a risk factor for the
development or progression of diabetic neuropathy. Gastroparesis, a condition in which
the stomach’s ability to empty its contents is impaired because of a possible disrup-
tion of nerve stimulation to the intestine, occurs more often in type 1 diabetes. Women
with gastroparesis may experience nausea, vomiting abdominal discomfort and diffi-
culty in controlling blood glucose. Few studies have been published on gastroparesis
and pregnancy. One case report noted severe and intractable vomiting in two women
with gastroparesis resulting in fetal demise in one of the pregnancies [30]. The effect
of pregnancy on diabetic retinopathy depends on the severity of the condition, whether
proteinuria or hypertension are present. In most cases, background retinopathy regresses
after delivery. Proliferative retinopathy may progress if the condition was untreated
prior to pregnancy [31, 32]. Laser photocoagulation is contraindicated in pregnancy,
and the woman is advised to delay conception to avoid further eye damage. Obesity is
a risk factor for hypertension and is primarily associated with type 2 diabetes [3, 34].
Diabetic ketoacidosis occurs more rapidly in pregnancy than in nonpregnancy because
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of increased insulin resistance and accelerated starvation ketosis. Factors that precipi-
tate diabetic ketoacidosis include hyperemesis, gastroparesis, insulin pump failure, and
certain medications, such as steroids [35].

Complications that develop during pregnancy include hypertensive disorders, poly-
hydramnios, preterm delivery, and cesarean section. Poor blood glucose control in early
pregnancy is associated with the development of preeclampsia and pregnancy-induced
hypertension [35]. Although the etiology of polyhydramnios (excessive amniotic fluid) is
not well understood, it is associated with suboptimal blood glucose control. Macrosomia
may warrant preterm or cesarean delivery.

10.5 MEDICAL NUTRITION THERAPY

There are no specific dietary guidelines for pregnant women with preexisting diabetes.
Current guidelines for nutrition recommendations in pregnant women without diabetes
may be used for pregnant women with type 1 diabetes and type 2 diabetes. Individualizing
the meal plan is the key to providing adequate calories and nutrients to the woman and
fetus. The meal plan works concurrently with the insulin regimen to achieve target blood
glucose levels. The goals of MNT for pregnancy and diabetes are (1) to provide adequate
nutrients for maternal-fetal nutrition, (2) to provide sufficient calories for appropriate
weight gain, and (3) to achieve and maintain optimal glycemic control.

10.5.1 Weight Gain

Weight gain recommendations are based on the 1990 Institute of Medicine’s pub-
lication, Nutrition during Pregnancy, according to the women’s prepregnancy BMI
(Table 10.2) [37]. The prepregnancy BMI and the amount of weight gained dur-
ing pregnancy are two factors affecting perinatal outcome. Weight gain below the
Institute of Medicine’s recommendations is associated with low birth weight and
small-for-gestational-age infants. Excessive weight gain may lead to macrosomia,
cesarean section, and unnecessary postpartum weight retention. Overweight women
with diabetes need to gain minimum weight to decrease the risk of macrosomia.

10.5.2 Energy Requirements

The estimated energy requirements (EER) during pregnancy are based on the 2002
Dietary Reference Intakes [38]. The EER for pregnancy are:

Table 10.2
Recommended Ranges of Total Weight Gain for Pregnant Women

Rate of gain/week

Prepregnancy BMI Recommended weight gain (2nd and 3rd trimesters)
Underweight (<19.8) 28—401b (12.7-18.2kg) 1.51b (0.7kg)

Normal weight (19.8-26) 25-351b (11.2-15.9kg) 11b (0.5kg)

Overweight (26.0-29) 15-251b (6.8-11.3kg) 0.61b (0.3kg)

Obese (>29) 151b (6.8kg) Individualize

Twin gestation 35-451b (15.9-20.5kg) 1 %21b (0.7kg)

Triplet gestation 45-551b (20.5-25kg) 2-2%1b (0.9-1.1kg)

From [37]
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¢ First trimester: adult EER for women (no calorie increase)
¢ Second trimester: adult EER for women +160kcal (8 kcal/week x 20 weeks) + 180kcal
e Third trimester: adult EER for women +272kcal (8 kcal/week x 34 weeks) + 180kcal

The EER for adult women is based on age, height, weight, and physical activity level,
which is higher than the previous recommendation of 300 extra kilocalories daily, begin-
ning in the second trimester. Adequate calories are required to avoid starvation ketosis
and ketoacidosis. A comprehensive nutrition history/questionnaire, food record/diary
and blood glucose records, and regular monitoring of weight are used to develop indi-
vidualized meal plans. Fluctuating blood glucose levels may necessitate frequent adjust-
ments in the meal plan.

10.5.3 Macronutrients

The requirement for protein is 71 g/day or 1.1 g/kg/day for women over 18 years of
age [38]. High-fat diets are not recommended and saturated fats are limited to less than
10% of total calories from fat.

The Recommended Daily Allowance for carbohydrate intake in pregnancy is 175 g/
day to ensure sufficient glucose for fetal brain growth and development, estimated to
be 33 g/day [38]. While there is no carbohydrate restriction for women with preexisting
diabetes, adjustments may be necessary to maintain normoglycemia.

10.5.4 Micronutrients

Calcium, vitamin D, magnesium, iron, and folic acid are frequently consumed in
inadequate amounts in pregnancy [39]. The fetus requires calcium throughout preg-
nancy, which is mostly deposited in the skeletal tissues in the third trimester. Vitamin
D is required for calcium absorption and deposition in the fetal skeleton. Women with
inadequate vitamin D intakes or limited sunlight exposure are at risk for vitamin D defi-
ciency, increasing the risk of neonatal rickets. Magnesium deficiency may be associated
with preeclampsia [40]. A low dose supplementation of 30 mg iron/day is recommended
beginning in the second trimester. Folate is necessary for DNA synthesis and maternal
and fetal cell proliferation. Folate deficiency is associated with maternal megaloblastic
anemia, neural tube defects, spontaneous abortions, and low birth weight [41]. Folic acid
supplementation should begin prior to conception and continue throughout pregnancy.

10.5.5 Nonnutritive Sweeteners

Five nonnutritive sweeteners are approved for use in pregnancy when used within the
Acceptable Daily Intakes: saccharin, aspartame, acesulfame potassium, sucralose, and
neotame [42].

10.6 MEAL-PLANNING APPROACHES

Various meal-planning approaches are used in diabetes management. The meal plan
followed prior to conception may need only minor adjustments to account for fetal
growth. Women with no previous MNT will need more intensive self-management edu-
cation. The appropriate meal-planning tool selected depends on the woman’s ability and
motivation to follow the plan. Meal-planning approaches include menus, plate method,
Food Guide Pyramid, or Exchange Lists for Meal Planning [43]. Carbohydrate counting
is used more often today as clients learn the importance of employing amounts and food
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sources of carbohydrates, label reading, and food records. Pattern management, calcu-
lating insulin-to-carbohydrate ratios and correction factors are advanced forms of meal
planning [43].

10.7 MEDICATIONS

Exogenous insulin therapy is used for women with preexisting diabetes. Although
certain oral antidiabetic agents are used with GDM, there are limited studies on their use
in pregnancy with type 2 diabetes.

Human insulin is recommended in pregnancy, as it is less allergenic and has a quicker
absorption rate than animal-based insulin. Rapid-acting insulin analogs (Lispro, Aspart)
are frequently used in pregnancy, yielding results similar to short-acting insulin [44-47].
Glargine and Detemir are long-acting, peakless insulin analogs. No clinical studies have
been conducted on their use during pregnancy, though case reports have not shown
teratogenic effects. Injectable therapies that have not demonstrated safety in pregnancy
include incretin mimetic hormones (Pramlintide and Exenatide).

Multiple daily injections of rapid-acting insulin or short-acting insulin with an inter-
mediate acting are the most frequently used insulin administrations in pregnancy (Table
10.3). Women who were on a fixed dose of insulin before conception are often switched
to multiple daily injections because of the need for frequent insulin adjustments.

A common insulin regimen is rapid-acting or short-acting insulin before breakfast
and dinner, or before each meal and intermediate-acting before breakfast and at bedtime.
Intermediate-acting insulin is not usually injected before dinner because of possible
nocturnal hypoglycemia.

Insulin requirements change during pregnancy as fetal growth continues and insulin
resistance increases. First-trimester insulin regimen varies but is usually 0.7-0.8 units/kg
actual body weight/day; second trimester: 0.8—1 unit/kg actual body weight/day; and
0.9-1.2 units/kg actual body weight/day in the third trimester. [35]. The requirements
for obese women may be higher (1.5-2 units/kg actual body weight/day).

Insulin injection devices include syringes, pens, and continuous subcutaneous insulin
pumps (insulin pump therapy). Pump therapy requires rapid-acting insulin with 50-60%
of the dose as basal for continuous insulin and 40-50% as boluses before meals and
snacks. Advantages to the insulin pump are flexibility with lifestyle and meal times,
and improved glucose control. The disadvantages include cost, risk of interruption in
insulin delivery or infection at the infusion site.

Table 10.3

Human Insulin

Insulin type Onset (h)  Peak action (h) Duration (h)
Rapid-acting (Lispro, Aspart, Glulisine) 5-15min  1-2 4-6

Short-acting (Regular) 0.5-1 2-4 6-10
Intermediate-acting (NPH) 1-2 4-8 10-18 (long-acting)
Long-acting (Glargine, Detemir) 1-2 Peakless Upto 24

From Messing C (ed) (2006) The art and science of diabetes self-management education: a desk reference
for healthcare professionals. American Association of Diabetes Educators, Chicago, Ill., p 38
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10.8 SELF-MANAGEMENT TOOLS

Medical nutrition therapy and insulin therapy are only two of the components for suc-
cessful self-management. Food records will assist the registered dietitian to adjust the
meal plan, when necessary. Other tools include sick-day rules, self-monitoring of blood
glucose and ketones, and physical activity.

10.8.1 Sick-Day Rules

Hypoglycemia is a concern if the woman is ill and consuming inadequate calories. All
pregnant women with preexisting diabetes should be aware of hypoglycemia symptoms,
which range from sweating, blurred vision, nervousness, anxiety, headache, weakness, or
in severe cases, seizures or unconsciousness. The treatment for hypoglycemia depends on
the severity of the symptoms. Mild-to-moderate symptoms are treated with 15 g of carbo-
hydrate if the blood glucose level is <60mg/dl. This is repeated at 15 minutes later if the
blood glucose level remains <60 mg/dl. If severe hypoglycemia occurs, either glucagons
or intravenous glucose is used [48].

10.8.2 Self-Monitoring

Monitoring provides a necessary tool for adjusting food, medication, and physical activ-
ity in diabetes management. Women with preexisting diabetes need to monitor their blood
glucose levels, using a glucose meter before and after meals. The blood glucose goals for
diabetes and pregnancy are in Table 10.4. Urine ketone monitoring of the first morning
specimen may be necessary if energy intake or weight gain is inadequate. Glycosylated
hemoglobin (HbA1C), while not a self-monitoring tool, is used clinically to assess blood
glucose levels in the preceding 6-8 weeks to determine metabolic control and treatment.

10.8.3 Physical Activity

No evidence has shown any beneficial effect of physical activity on glycemic control
in women with type 1 diabetes. Unless contraindicated, women who were physically
active before pregnancy are encouraged to continue, although the type and duration may
change. Contraindications to exercising with diabetes in pregnancy include glycemic
levels <100mg/dl or >250 mg/dl [49].

Table 10.4
Glycemic Goals in Diabetes and Pregnancy

mg/dl mmol/l
Fasting 60-95 3.3-5.2
Preprandial 60-115 3.3-6.4
1h postprandial <140 <8.1
2h postprandial <120 <6.6
Nocturnal 60-135 3.3-5.6

From [35]
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10.9 POSTPARTUM

Insulin requirements usually decrease after delivery and it is not uncommon for the
woman to forego insulin for the first 1-2 days after delivery. Insulin adjustments are
necessary to prevent hypoglycemia.

There are no contraindications to lactation for the woman with diabetes, and women
should be encouraged to breastfeed. The meal plan is adjusted to include additional
snacks to avoid hypoglycemia, which may be more frequent during lactation. Women
with type 2 diabetes and choosing to breastfeed are advised to continue insulin therapy for
the duration of lactation [35, 50]. Oral antidiabetic agents may resume once breastfeed-
ing is terminated or if the woman chooses to formula feed her infant.

Family planning is an important topic to discuss with the woman with preexisting
diabetes. The use of contraceptive agents will depend on whether cardiovascular disease
is present [51]. Low-dose combinations of progestin and estrogen or progestin-only oral
contraceptive agents are recommended for women with hyperlipidemia. Intrauterine
devices and barrier methods do not affect blood glucose levels.

10.10 PRECONCEPTIONAL COUNSELING

Preconception counseling is essential for all women with preexisting diabetes in their
childbearing years. Women with type 1 diabetes or type 2 diabetes should delay preg-
nancy until their glycosylated hemoglobin levels are <1% above the normal range prior
to conception to decrease the risk of adverse perinatal outcomes [52]. Preconceptional
care includes a complete physical examination to identify and treat any preexisting
diabetes-related or other medical condition, an assessment of her nutritional status,
and self-management education, including psychosocial assessment. A discussion of
finances is also important because of the additional expense of more frequent testing or
diabetes supplies.

Although all women with preexisting diabetes should receive preconceptional
counseling, this often does not occur. Recent studies have shown that women with
type 2 diabetes are not referred as frequently for preconceptional counseling as their
type 1 diabetes counterparts [35, 53-56]. McElduff et al. found that only 12% of
women with type 2 diabetes received preconceptional care compared with 27.8%
of women with type 2 diabetes [54]. In another study, women with type 2 diabetes
had a higher incidence of poor perinatal outcome, including fetal demise, congeni-
tal anomalies, and difficult deliveries than women with type 1 diabetes [53]. One
reason for this higher prevalence of complications is the misconception that type 2
diabetes is not as severe a condition as type 1 diabetes. This myth must be dispelled
and strategies developed, including intensive diabetes self-management, to improve
outcomes.

10.11 GESTATIONAL DIABETES MELLITUS

It is estimated that 90% of cases of diabetes in pregnancy is GDM [35]. This includes
women with possible undiagnosed type 1 or type 2 diabetes prior to conception. For
most women who develop diabetes during pregnancy, normoglycemia returns following
delivery.
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10.11.1 Pathophysiology

GDM is similar to type 2 diabetes, as it is associated with insulin resistance and insen-
sitivity. The exact mechanism responsible for the development of GDM is not fully under-
stood; however, pancreatic beta-cell dysfunction may be responsible. As hormonal levels
continue to rise in the second and third trimesters, beta-cells are unable to produce or
secrete sufficient insulin for glucose regulation. Fasting blood glucose levels are elevated
as insulin deficiency and resistance increase. Delayed insulin response, insulin resistance,
and placental hormonal antagonism are responsible for postprandial glucose excursions.
Human placental lactogen and cortisol block insulin receptors, which creates a deficiency
in circulating insulin production, and results in increased glucose intolerance. In nor-
mal pregnancy, the beta-cells compensate by increasing insulin secretion; in GDM the
decreased insulin response will result in elevated glycemic levels [57].

10.11.2 Complications

Maternal risks for gestational diabetes include hypertension, higher rates of caesarean
sections and preterm deliveries [3, 58]. Congenital anomalies are rare in gestational dia-
betes. The exception would be the woman diagnosed with gestational diabetes early in
the first trimester and in poor blood glucose control. Macrosomia is the most common
complication in gestational diabetes. Other complications include neonatal hypoglyc-
emia, neonatal hypocalcemia, neonatal hyperbilirubinemia, and polycythemia. The risk
for respiratory distress syndrome decreases if delivery occurs at term.

10.11.3 Risk Factors for Gestational Diabetes Mellitus

There is considerable controversy over the screening and diagnosis of GDM. The
American Diabetes Association recommends assessing all pregnant women for risk of
GDM at their first prenatal visit. Risk factors for diabetes are categorized as low, aver-
age, and high [3]. Women in the low risk category must meet all of the following criteria
and require. No further screening:

¢ Less than 25 years of age

e Normal BMI

¢ No first-degree family history of diabetes

¢ No history of glucose intolerance

¢ No history of poor perinatal outcome

e Not a member of a group with a high prevalence of diabetes, which includes those of Afri-
can, Hispanic, Asian, Pacific Islander, or Native American descent

Women at high risk must meet one or more of the following criteria:

e Obese

¢ Previous history of GDM

¢ Glycosuria

¢ Strong family history of diabetes

e Member of an ethnic group with a high prevalence of diabetes (see above)

High-risk women are screened at their first prenatal visit. The test is repeated between
24 and 28 weeks of gestation if the initial screen was normal.
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Women at average risk are those not at low or high risk. They are screened for GDM
at 24-28 weeks of gestation.

10.11.4 Screening and Diagnosis of Gestational Diabetes Mellitus

Two approaches are used to screen and diagnose for GDM, the two-step and the one-
step method [3]. The two-step method is used primarily in the United States. The first
step is the oral glucose challenge test (OGCT). A solution containing 50 g glucose is
consumed, and the plasma glucose level is checked 1h later. If the test is 2140 mg/dl,
the second step, the oral glucose tolerance test (OGTT) is administered after 3 days
of unrestricted carbohydrates (at least 150 g/day) and unlimited physical activity. The
woman fasts for at least 8 h the night before the test. Blood is drawn for a fasting glucose
level, followed by 100 g of glucose solution given orally and redrawn at 1, 2, and 3 h.
The oral glucose tolerance test is discontinued if the fasting glucose is 2126 mg/dl or a
random glucose is = 200mg/dl. GDM is diagnosed if at least two of the values exceed
the Carpenter and Coustan criteria (see Table 10.5).

The second method eliminates the 50g OGCT. The one-step approach uses a 75-g
glucose solution as the OGTT and the blood is drawn at fasting, 1h, and 2h. The criteria
for the diagnosis of GDM are the same as the 3-h oral glucose tolerance test (Table 10.5).
This method is used by the World Health Organization, but may also be more cost-effective
in populations at high risk for GDM. One abnormal value on the oral glucose tolerance
test is not a diagnosis for GDM; however, it may indicate adverse perinatal outcome
compared to women with normal results [59].

10.11.5 Management of Gestational Diabetes

There are no universal guidelines in the management of GDM. A recent Australian
randomized, controlled trial of 1,000 women with gestational diabetes showed that treat-
ing women with GDM reduced the risk of perinatal complications [60]. In this study by
Crowther et al., the intervention group received MNT, self-monitored their blood glu-
cose levels, and if indicated received insulin therapy. Perinatal complications were 1%
in the intervention group and 4% in the group receiving routine care.

10.11.5.1 MEDICAL NUTRITION THERAPY

MNT is the cornerstone of treatment in the management of GDM. The American
Diabetes Association and the American College of Obstetricians and Gynecologists
recommend nutritional counseling by a registered dietitian and an individualized meal
plan [3, 58]. The American Dietetic Association’s evidence-based Nutrition Practice
Guidelines have identified the following MNT goals for GDM: (1) to achieve and main-

Table 10.5
Diagnostic Criteria for Gestational Diabetes Mellitus

100g OGTT 75¢ OGTT
Fasting 95 mg/dl (5.2 mmol/l) 95 mg/dl (5.2mmol/l)
1h 180 mg/dl (10 mmol/l) 180 mg/dl (10 mmol/l)
2h 155 mg/dl (8.6 mmol/l) 155 mg/dl (8.6 mmol/l)
3h 140 mg/dl (8.1 mmol/1)

From [12], OGTT: Oral Glucose Tolerance Test
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tain normoglycemia, (2) to provide sufficient calories to promote appropriate weight
gain and avoid maternal ketosis, and (3) to provide adequate nutrients for maternal and
fetal health [61]. The American Dietetic Association provides an algorithm for MNT for
GDM (Fig. 10.1). The Institute of Medicine’s recommendations are used to determine
the appropriate weight gain for women with gestational diabetes (38). The EER are
the same for pregnant women without diabetes. Monitoring weight gain, and reviewing
blood glucose, food and if necessary, ketone records are other useful tools to determine
diet adequacy.

The Dietary Reference Intakes do not provide a recommendation EER for obese
women. Several studies used various calorie restrictions to determine minimum energy
requirements, while avoiding ketonuria and ketonemia. A minimum of 1,700-1,800 kcal/
day appears to improve glucose control without increasing ketone levels [3, 58, 61].

Referral to Dietitian Clinical Outcomes of MNT:
Made within 48 hours of diagnosis for self- Blood Glucose Goals:
management education and nutrition therapy Whole Blood Plasma
mg/dL
Fasting: <95 < 105
Initial visit within 1 week of referral: 1 hr PP: <140 <155
Assessment 2hrPP: <120 <130
Medical Nutrition Therapy « achieve and maintain normoglycemia
Exercise « consume adequate calories to promote
Self-Management Education Tools: appropriate gestational weight gain and
a. appropriate food plan for patient avoid maternal ketosis
b. daily food records « consume food providing nutrients necessary
c.  SMBG records for maternal and fetal health
d. ketone testing if needed « decrease nutrition related complications
Insulin if needed
First follow-up within 1 week *Documentation/Communication
*Documentation/Communication * to referral source

* summarize assessment

« specify therapy plan and recommendations
Follow-Up Visit « specify follow-up plan

Evaluate patient outcomes <

v

Is patient achieving clinical
outcomes and is patient using
self-management techniques correctly?

YES \\

Provide support, answer questions - Evaluate cause(s) that prevent achieving clinical outcome
a. Adjust food/exercise plan to individual - Determine barriers that may prevent implementing therapy
Needs - Provide intervention:
b. Continue/review self-management a. adjust food/exercise plan
Education b. continue/review self-management education
c. Adjust testing regimen if appropriate ¢. determine need for insulin therapy/make referral
*Documentation/Communication *Documentation/Communication

Y

Determine Follow-Up Plan

Birth Follow-up Visit Schedule

If patient needs insulin make referral immediately
- Second visit within 1 week

- Third visit 1-3 weeks

Postpartum visit - Subsequent follow-up 2-3 weeks until birth

Fig. 10.1. Algorithm for MNT. (From [61], used with permission)
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Carbohydrates are the main contributors of postprandial glucose excursions in GDM.
The amount, source, and distribution of carbohydrates are determined in conjunction
with blood glucose monitoring. The nutrition practice guidelines recommend restricting
the carbohydrate content to 40-45% of total calories, but not less than the Dietary Refer-
ence Intakes recommendation of 175 g/day to achieve blood glucose goals. Carbohydrate
sources include whole grains, dried beans and peas, and lentils, which are more nutrient
dense and have a lower glycemic response than processed foods, such as instant products
(e.g., cereals, rice, and potatoes) or highly refined grain products.

The distribution of carbohydrates into three meals and two to four snacks will help control
postmeal blood glucose levels [61]. Carbohydrate intake is more restricted at breakfast than at
other meals, as hormonal levels are higher in the morning. The total amount of carbohydrates at
breakfast can range from 15 to 45 g. Breakfast cereals, milk, and fruit may need to be consumed
at other meals or snacks. Carbohydrate distribution at lunch and dinner is usually 30-45g or
higher, depending on postprandial glycemic levels. The distribution of snacks is 1545 g, witha
smaller snack in the morning. An evening snack will help avoid overnight starvation ketosis.

Protein is not associated with postprandial glycemic elevations. The protein intake
increases to 25-25% of total calories as the carbohydrate level isreduced, and usually exceeds
the Dietary Reference Intakes of 71 g/day or 1.1 g/kg/day [61]. Fat makes up 35-40% of the
total calories, with the majority as monosaturated and polyunsaturated fats [62, 63].

10.11.5.2 SELF-MANAGEMENT TooOLS

Self-management is important for improving perinatal outcome in GDM. Other self-
management tools in addition to MNT include self-monitoring of blood glucose and
ketone levels, physical activity, and the initiation of medication, when necessary.

10.11.5.2.1 Self-Monitoring of Blood Glucose. Although the American Diabetes
Association and the American College of Obstetricians and Gynecologists recommend
daily monitoring of blood glucose levels in GDM, there is no consensus on frequency of
testing [3, 58]. Research has indicated fewer complications (macrosomia, cesarean section,
birth injury, neonatal hypoglycemia) with daily use of blood glucose meters than with
weekly laboratory testing of fasting and postprandial levels [3]. While preprandial testing
is recommended with preexisting diabetes, postprandial monitoring of blood glucose levels
have yielded better outcomes, e.g., decrease in fetal macrosomia, large-for-gestational-age
infants, in GDM [64]. Optimal testing times for blood glucose levels have not been estab-
lished. Studies comparing 1-h and 2-h postprandial monitoring have shown conflicting
results [65, 66]. (See Table 10.4 for target blood glucose levels.)

10.11.5.2.2 Ketone Monitoring. In an effort to avoid insulin injections, women may
consume fewer calories than recommended; however, this practice may increase their
risk of developing ketones. Rizzo et al. found decreased intelligence scores correlat-
ed with ketonemia [67]. Urine ketone monitoring is not widely used in practice because
it does not reflect the level of ketonemia, but it may be useful in detecting inadequate
calorie or carbohydrate intake [3, 61].

10.11.5.2.3 Physical Activity. Physical activity may have a positive effect on glycemic
control by increasing insulin sensitivity and obviating the need for insulin therapy [58,
68, 69]. Low-impact aerobics, such as walking, stair climbing, or swimming are acceptable.
The activity should be performed after meals to improve glycemic levels. Pregnant women
with diabetes should seek medical approval prior to beginning an exercise program.
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10.11.5.2.4 Medication. Insulin therapy is used concurrently with MNT if normogly-
cemia is not consistently maintained with diet only. There is no consensus of opinion
as to when insulin therapy should be instituted. The nutrition practice guidelines recom-
mend beginning insulin therapy 2 weeks after MNT is implemented [61]. The American
Diabetes Association and the American College of Obstetricians and Gynecologists use
different glycemic cut-offs for initiating insulin (Table 10.6). Ultrasound measurement
of the fetal abdominal circumference to determine macrosomic growth is also used to
determine initiatiation of insulin therapy [70].

Human-based insulin is preferred over animal-based because it is less allergenic. The
type, dosage, and regimen vary but are usually a combination of short-acting and intermedi-
ate-acting insulin. Calculation of the starting dose uses an approach that is similar to that
employed for preexisting diabetes, and self-monitoring of blood glucose is used to guide
the dose and timing of the regimen and subsequent adjustments. Insulin analogs are not
yet approved by the Food and Drug Administration for use in GDM. Studies using insulin
Lispro and insulin Aspart in GDM were not associated with adverse effects [71, 72].

Prior to 2000, oral antidiabetic agents were contraindicated during pregnancy. First-
generation sulfonylureas crossed the placenta and were thought to cause fetal hyper-
insulinemia or teratogenicity. A randomized trial by Langer et al. in which Glyburide,
a second-generation sulfonylurea, was compared to insulin and reported no difference
in the incidence of maternal or fetal complications, including preeclampsia, cesarean
sections, macrosomia, or fetal anomalies [73]. Glyburide was also not detected in the
cord serum. Four percent of the women on Glyburide did require insulin therapy. The
American Diabetes Association and the American College of Obstetricians and Gynecolo-
gists have not recommended Glyburide in pregnancy, although both organizations have
acknowledged its use in controlling blood glucose levels in GDM. The advantages of
Glyburide in pregnancy, according to healthcare providers who advocate its use, are that
it is cost-effective, non-invasive, and may result in better compliance than insulin injec-
tions [74]. Recent research in Glyburide therapy use in pregnancy demonstrated a failure
rate of 12-20% [75, 76]. Women with high fasting blood glucose levels (=110 mg/dl)
were more likely to be switched to insulin therapy [76]. Further research is needed to
determine the safety of other oral antidiabetic agents in pregnancy.

10.11.6 Postpartum

Women with GDM are at increased risk for developing type 2 diabetes after preg-
nancy and should be screened 6—12 weeks postpartum [3, 58]. The American Diabetes
Association recommends a 75-g, 2-h oral glucose tolerance test to identify women with
possible undiagnosed diabetes before conception, impaired glucose tolerance, or risk for

Table 10.6
Criteria for Initiating Insulin in GDM
American Diabetes American College of
Association Obstetricians and Gynecologists
Fasting <105 mg/dl (5.8 mmol/l) <95mg/dl (5.2 mmol/1)
1 h postprandial <155mg/dl (8.6 mmol/l) <130mg/dl (7.2 mmol/l)
2 h postprandial <130mg/dl (7.2 mmol/1) <120 (6.6 mmol/1)

From [3, 58]
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Table 10.7
Criteria for Diagnosis of Diabetes Mellitus using a 75g OGTT
Impaired fasting Impaired glucose
Normal values  glucose mg/dl tolerance mg/dl Diabetes mellitus
mg/dl (mmol/l) (mmol/l) (mmol/l) mg/dl (mmol/l)
Fasting plasma <100 mg/dl 2100 to <126 mg/dl <100mg/dl (< 2126 mg/dl (=
glucose (5.6 mmol/) (= 5.6-7.8 mmol/ 5.6 mmol/l) 7.0 mmol/l)
)
75g OGTT <140 mg/dl <140 mg/dl 2140 to <200mg/ =200 mg/dl
(7.8 mmol/1) (7.8 mmol/l) dl(=7.8- 11.8 mmol/1)
11.1 mmol/l)

From American Diabetes Association (2004) Screening for type 2 diabetes. Diabetes Care 27(Suppl 1):
S11-S14, OGTT: Oral Glucose Tolerance Test

future diabetes (Table 10.7) [3]. If the oral glucose tolerance test is normal at 612
weeks postpartum, the woman should be reassessed every 3 years. Women with impaired
fasting glucose or impaired glucose tolerance need to be tested annually for diabetes.

Breastfeeding, unless contraindicated, is recommended for women with GDM [3].
Lactation may improve glucose control, mobilize fat stores, promote weight loss, and
protect against future risk of developing diabetes [36, 77]. Gradual weight loss (1-2kg/
month) is encouraged.

Oral contraceptive use in women with previous GDM is associated with thromboem-
bolism, myocardium infarction, stroke, and increased insulin resistance [78, 79]. If
an oral contraceptive agent is desired, a low potency dose of progestin and estrogen is
prescribed to minimize the adverse effects of glucose intolerance and increased serum
lipids [51].

Women with previous histories of GDM are also at risk of developing GDM in recurring
pregnancies. Factors that increase the risk of GDM in a subsequent pregnancy are hip-to-
waist ratio >0.84, weight gain >111b (5.0 kg) between pregnancies, and a fat intake >40%
of the total calorie intake [80]. Women should be encouraged to adopt healthy lifestyles to
lessen their risk of developing type 2 diabetes or GDM in subsequent pregnancies. Recom-
mended lifestyle modifications include achieving and maintaining normal body weight,
healthy eating habits, and consistent physical activity [61].

10.12 CONCLUSION

Advances in diabetes management have greatly improved pregnancy outcomes. For
the woman with preexisting diabetes, optimal maternal blood glucose control must
begin before conception and continue throughout the pregnancy. All women with type 1
diabetes and type 2 diabetes of childbearing age should be referred for preconceptional
care to incorporate self-management strategies that can decrease perinatal morbidity and
mortality. Self-management care includes MNT, self-monitoring of blood glucose, and
if necessary, ketone testing, insulin therapy, and physical activity.

MNT is a key component in the management of GDM. An individualized meal plan
should be designed to provide adequate energy and nutrients for maternal and fetal
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health and promote appropriate weight gain based on prepregnancy BMI. The registered
dietitian will use food, blood glucose and, if necessary, ketone records to adjust the meal
plan. After delivery, lifestyle modifications will be necessary to reduce the long-term
risk of developing type 2 diabetes. These modifications should focus on diet, physical
activity and achieving and maintaining a healthy weight.
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Summary Preeclampsia is a multi-organ disease that is specific to pregnancy and is charac-
terized by the development of proteinuria and hypertension. It complicates 5—7% of pregnan-
cies and specific criteria must be met for diagnosis. The exact etiology or pathophysiology
of preeclampsia is poorly understood and as such, there are no well-established methods
of primary prevention or of reliable and cost-effective screening. Calcium and aspirin may
have a role in preventing preeclampsia in certain subpopulations, and research continues
regarding these and other possible nutritional interventions. Preeclampsia is associated with
increased maternal mortality and morbidity, and childbirth is the only known cure. Women
with preeclampsia need to have regular surveillance. The associated hypertension may war-
rant treatment under certain conditions and magnesium sulfate is the drug of choice for the
prevention and treatment of eclamptic seizures.

Keywords: Preeclampsia, Eclampsia, Hypertensive disorders of pregnancy, Gestational
hypertension

11.1 INTRODUCTION

Preeclampsia is a multi-organ disease that occurs after 20 weeks gestation and
is characterized by the development of proteinuria and hypertension. It is specific to
pregnancy and complicates 5—7% of pregnancies [1]. It falls into the larger category of
hypertensive disorders of pregnancy, which is addressed briefly within this chapter. The
exact etiology or pathophysiology of this disorder is poorly understood. Additionally,
there are no well-established methods of primary prevention or of reliable and cost-
effective screening. Yet, preeclampsia is associated with increased maternal mortality
and morbidity including placental abruption, acute renal failure, cerebrovascular and
cardiovascular complications, and disseminated intravascular coagulation [2].

11.2 HYPERTENSIVE DISORDERS OF PREGNANCY

Complications from hypertension are a leading cause of pregnancy-related
deaths, ranking third behind hemorrhage and embolism [2]. Hypertensive disorders
that may be found during pregnancy include chronic hypertension, preeclampsia—

From: Nutrition and Health: Handbook of Nutrition and Pregnancy
Edited by: C.J. Lammi-Keefe, S.C. Couch, E.H. Philipson © Humana Press, Totowa, NJ

155



156 Part II / Nutrient Needs and Factors Related to High-Risk Pregnancy

eclampsia, preeclampsia superimposed on chronic hypertension, and gestational
hypertension [3].

Chronic hypertension is hypertension that exists outside of the pregnancy. As such,
it will predate the pregnancy, be documented prior to 20 weeks, or will still be present
12 weeks after delivery [3]. Treatment of mild-to-moderate chronic hypertension during
pregnancy has not been shown to prevent preeclampsia and has shown no proven fetal
benefit [4-6].

Preeclampsia—eclampsia is the onset of hypertension with proteinuria that occurs after
20 weeks of pregnancy. Eclampsia, which occurs in less than one percent of women
with preeclampsia [1], is the new onset of seizures during preeclampsia.

If a patient has chronic hypertension but develops new or worsened proteinuria,
then this is preeclampsia superimposed on chronic hypertension [7]. Also, if there is
an acute increase in the hypertension (assuming preexisting proteinuria) or if HELLP
(hemolysis, elevated liver enzymes, low platelet count) syndrome develops, then this is
also considered to be preeclampsia superimposed on chronic hypertension [7].

Gestational hypertension, which used to be known as “pregnancy induced hyper-
tension,” [3] is hypertension that develops in the absence of proteinuria. Gestational
hypertension develops after 20 weeks of pregnancy and returns to normal within 12
weeks of delivery [7].

11.3 DIAGNOSIS OF PREECLAMPSIA

As mentioned previously, both proteinuria and hypertension after 20 weeks of gestation
must be present for a diagnosis of preeclampsia to be made. The diagnostic criteria for
preeclampsia are presented in Table 11.1. Blood pressures should be measured with an
appropriately sized cuff, with the patient in an upright position [8]. Edema and blood
pressure elevations above the patient’s baseline are no longer included in diagnostic
criteria [3, 7].

In severe preeclampsia, blood pressures may be higher and proteinuria more
pronounced. The diagnostic criteria for severe preeclampsia are also presented in Table 11.1.
Any signs or symptoms indicating end organ damage make the diagnosis of severe
preeclampsia.

Although 24-h urine collections are the gold standard for measuring proteinuria, a
random urinary protein-to-creatinine ratio can rule out significant proteinuria if the ratio
is less than 0.19 [9]. The urine protein-to-creatinine ratio using the 0.19 cutoff has a
sensitivity of 90%, specificity of 70%, and a negative predictive value of 87% [9].

11.4 PATHOPHYSIOLOGY AND RISK FACTORS

The etiology of preeclampsia remains poorly understood. Multiple theories have been
proposed regarding the pathophysiology, and no single causal factor has been found [10].

Theories of pathophysiology include genetic predisposition [11-14], abnormal placental
implantation [15, 16], angiogenic factors [17], exaggerated inflammatory responses
[18], inappropriate endothelial activation [18], vasoconstriction [19], and coagulation
cascade defects [19]. Although hypertension and proteinuria are the criteria by which
preeclampsia is diagnosed, the pathophysiologic changes associated with preeclampsia
affect virtually every organ system. Microthrombi from activation of the coagulation
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Table 11.1

Diagnostic Criteria for Preeclampsia and Severe Preeclampsia [3, 7]

Preeclampsia“ Severe preeclampsia®

Blood pressure 140mmHg or higher systolic

Proteinuria 0.3 grams or more in a 24-h urine

(this usually corresponds with Or

a 1+ or greater on dipstick)

Other features

160mmHg or higher systolic
Or 90mmHg or higher diastolic
110mmHg or higher diastolic

5 g or more in a 24-h urine

3+ or more on two random urine

samples collected at least 4 h apart
Oliguria (less than 500 ml of urine in

24h)

Cerebral or visual disturbances
Pulmonary edema or cyanosis

Epigastric or right
upper-quadrant pain
Impaired liver function
Thrombocytopenia
Fetal growth restriction

*Both hypertension and proteinuria components must be present
®One or more must be present in addition to criteria for preeclampsia
¢Taken on two occasions at least 6 h apart

Table 11.2
Risk Factors for Preeclampsia [20]

Increased maternal age (>40 years of age)
Nulliparity

Multiple gestation

Preeclampsia in a prior pregnancy
Elevated body mass index

Certain medical conditions:

Chronic hypertension

Chronic renal disease

Antiphospholipid syndrome

Diabetes mellitus

cascade, as well as systemic vasospasm, decrease blood flow to organs [19]. Perfusion is
further compromised by vascular hemoconcentration and third spacing of intravascular

fluids [18].

Risk factors for preeclampsia are presented above in Table 11.2 [20]. Note that young
maternal age is no longer considered a risk factor, as this was not supported by a sys-
tematic review [20]. Women with preeclampsia should be counseled about the increased
risk of recurrent preeclampsia in future pregnancies. The recurrence rate may be as high
as 40% in nulliparous women with preeclampsia before 30 weeks gestation and even
higher in multiparous women [3].
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11.5 PREVENTION AND NUTRITION

As was stated earlier, there are no well-established methods of primary prevention for
preeclampsia, although numerous supplements have been studied regarding their ability
to impact its occurrence. Thus far, randomized controlled trials do not support routine
prenatal supplementation with magnesium, omega-3 fatty acids, antioxidants (vitamins
E and C), or calcium to prevent preeclampsia [21-24].

However, calcium and aspirin may have a role in preventing preeclampsia in certain
subpopulations, though the optimal treatment regimens will require further research.
Calcium supplementation in high-risk women and in women with low dietary calcium
intakes reduced the risk of hypertension and preeclampsia [25]. Also, calcium supple-
mentation has been shown to decrease the incidence of neonatal mortality and severe
maternal morbidity due to hypertensive disorders when given to normotensive nullipa-
rous women [26].

Low-dose aspirin was shown to have small to moderate benefits for prevention of
preeclampsia within certain groups of women. A Cochrane analysis demonstrated that in
women at increased risk for preeclampsia, 69 women would need to be treated with low-dose
aspirin to prevent one case of preeclampsia [27]. However, in the subgroup of women
at highest risk for preeclampsia (because of histories of previous severe preeclampsia,
diabetes, chronic hypertension, renal disease, or autoimmune disease), only 18 would
need to be treated with low-dose aspirin to prevent one case of preeclampsia [27].

Research continues regarding possible nutritional interventions for preeclampsia.
While larger studies that are more reliable are needed to confirm results, diets high
in fiber and potassium may reduce the risk of preeclampsia [28]. Additionally, diets
high in calories, sucrose, and polyunsaturated fatty acids may increase the risk for
preeclampsia [29].

11.6 MANAGEMENT OF PREECLAMPSIA

Childbirth is the cure for preeclampsia as the disease process usually resolves within
days of delivery. Delivery is always preferable from the perspective of maternal health.
However, decisions on induction of labor or cesarean delivery must include a considera-
tion of prematurity-related neonatal risks and the severity of the preeclampsia. Women
with mild preeclampsia should be carefully followed until they are close to term and
delivered at 37-39 weeks [30]. Women with severe preeclampsia may be expectantly
managed until 32-34 weeks, or delivered sooner based on maternal and fetal status [31].
Women with preeclampsia need to have regular surveillance of the fetus with nonstress
testing and amniotic fluid volume assessment. Blood work should be checked periodi-
cally to detect renal or hepatic involvement, hemolysis, or thrombocytopenia.

The hypertension of preeclampsia only warrants treatment if the systolic blood pres-
sure is above 160 mmHg or the diastolic blood pressure is above 110 mmHg [3]. If these
pressures occur near term, then the blood pressure may be managed with intravenous
hydralazine or labetalol until delivery [32]. Women with severe preeclampsia undergo-
ing expectant management may have their blood pressure controlled with oral labetalol,
methyldopa, or nifedipine [3]. Magnesium sulfate is the drug of choice for the preven-
tion and treatment of eclamptic seizures [33]. All women with severe preeclampsia need
intravenous magnesium in labor and for 24 h postpartum [34]. The use of magnesium
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sulfate in women with mild preeclampsia remains controversial, as 400 women may
need to be treated to prevent one eclamptic seizure [35].

Neonatal morbidity and mortality is due to the risk of prematurity, uteroplacental
insufficiency, or placental abruption. An ultrasound for estimated fetal weight should
be done at the time of diagnosis to evaluate for possible intrauterine growth restriction
secondary to uteroplacental insufficiency [3]. If delivery is required prior to term, then
the birth should occur at an institution with a neonatal intensive care unit capable of
caring for infants at the anticipated gestational age. Placental abruption is an unpredict-
able event, which can lead to fetal death or morbidity.
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1 2 AIDS/HIV in Pregnancy

Katherine Kunstel

Summary Women are among the fastest growing populations of those infected with
HIV and AIDS, and most infected women are of childbearing age. Women who are both
HIV-positive and pregnant are faced with a double burden both in terms of immunity and
nutrition. The HIV-infected pregnant woman is at increased nutritional risk compared
to the HIV-uninfected pregnant woman. HIV-infected pregnant women tend to gain
less weight during pregnancy. Macronutrient needs are increased to cover the increased
demands of both HIV infection and pregnancy and inadequate intake is common. Micro-
nutrient deficiencies are also common in HIV-infected pregnant women and can have
adverse outcomes for both the mother and the developing child. Other nutrition-related
considerations for this population include symptom management, the consequences
of antiretroviral therapy, risk of transmission of the virus through breastfeeding, food
safety, and food security.

Nutrition assessment and counseling is a critical component of the overall care plan
for HIV-infected pregnant women. Counseling regarding weight gain, adequate nutrient
intake, management of HIV-related symptoms, drug-nutrient interactions, and the risks
associated with breastfeeding should be made available to all HIV-infected pregnant
women. The nutrition care plan must aim to promote the best outcomes for both the
mother and the developing child.

Keywords: Nutrition, Pregnancy, HIV, AIDS, Maternal health, Breastfeeding, Pregnancy
outcomes

12.1 INTRODUCTION

In the United States and Canada, one of the fastest growing populations in the profile
of acquired immune deficiency syndrome (AIDS) cases is women [1], and most women
who are currently infected with human immunodeficiency virus (HIV) and AIDS are of
childbearing age [2]. These facts support the increasing need to consider the implica-
tions of HIV and AIDS on pregnancy and lactation. There is no evidence to indicate that
pregnancy and lactation have a significant effect on hastening the progression of HIV
disease [3, 4]. However, women who are infected with HIV and are pregnant face a
double burden in terms of their immune function and face additional potential complica-
tions. For example, HIV-infected pregnant women have higher risks of fetal loss [5, 6],
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low birth weight, preterm delivery, and intrauterine growth retardation (IUGR) [7].
Additionally, the HIV-infected pregnant woman is at a higher nutritional risk, owing to
increased energy needs, tendency to achieve suboptimal weight gain during pregnancy,
micronutrient deficiencies, and management of disease symptoms.

12.2 NUTRITIONAL STATUS OF THE MOTHER

The nutritional status of an HIV-infected woman prior to and during pregnancy influ-
ences both her own health and the health of her unborn child [8]. The nutritional chal-
lenges for the HIV-infected pregnant woman are threefold. First, during pregnancy, just as
in the uninfected woman, maternal metabolism is altered by hormones in preference of the
developing infant, and nutrients are directed to the placenta, the mammary gland, and the
infant [9, 10]. Additionally, HIV infection can prompt micronutrient deficiencies and lean
body mass depletion because of decreased nutrient intake, malabsorption, and increased
utilization and excretion of nutrients resulting in undernutrition [11]. Finally, HIV infec-
tion affects nutritional status through an increase in resting energy expenditure (REE)
[12-14]. For women who are malnourished, an energy—protein supplement during preg-
nancy may improve pregnancy outcomes by improving maternal weight gain and reducing
the risk of perinatal mortality [15, 16]. The consequences of maternal malnutrition extend
beyond the mother and increase risks for the developing infant as well. For example, poor
maternal nutritional status may impair the integrity of the placental lining, creating a more
opportune condition for transplacental transmission of HIV [17]. Optimal nutrition during
pregnancy increases weight gain and improves pregnancy and birth outcomes [4].

12.3 WEIGHT GAIN

HIV-infected pregnant women tend to gain less weight during pregnancy compared
with women who are not infected [4], putting them at higher risk for complications.
Additionally, HIV infection is oftentimes associated with wasting and a progressive loss
of body mass [18]. This can lead to adverse pregnancy outcomes. Weight loss or sub-
optimal weight gain during pregnancy is related to increased risk of intrauterine growth
retardation (IUGR) [10], fetal death, preterm delivery, and low-birth-weight (LBW)
infants [19, 20]. While overall weight gain is indicative of pregnancy outcomes, Villamor
et al. showed that weight loss during the third trimester was more strongly associated
with preterm delivery than weight loss during the second trimester, but weight loss during
the second trimester was related to an increased risk of fetal death [19].

Weight gain goals during pregnancy for HIV-infected women are the same as those
for uninfected women. This weight gain is representative of two entities, the products
of conception (fetus, placenta, amniotic fluid) and maternal tissues (expansion of blood
and extracellular fluid, uterus, mammary glands, and adipose tissue) [10]. Weight gain
goals should be based on the woman’s prepregnancy weight and height [21]. It is recom-
mended that a woman with a normal prepregnancy weight for height, or a body mass
index (BMI) of 19.8-26 kg/m? gain approximately 3.51b (1.6 kg) in the first trimester
and then approximately 11b (~0.5 kg) per week during the second and third trimesters,
for a total pregnancy weight gain goal of 25-351b (11-16 kg). Women who are under-
weight for height (BMI < 19.8 kg/m?) prepregnancy should aim to gain approximately
51b in the first trimester and a little more than a pound per week in the second and third
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trimesters, for a total weight gain of 28—401b. Women who are overweight for height
(BMI > 26-29 kg/m?) prepregnancy should gain approximately 2 Ib in the first trimester
and slightly less than 11b per week in the second and third trimesters, for a total preg-
nancy weight gain of 15-251b. Obese women (BMI > 29 kg/m?) are recommended to
gain at least 151b during pregnancy [22] (Table 12.1).

12.4 NUTRIENT NEEDS

12.4.1 Macronutrients

HIV infection increases energy needs due to an increase in REE, as previously stated.
This increased REE coupled with HIV-related infections and complications, such as
anorexia, place HIV-infected pregnant women at greater nutritional risk than the uninfected
woman [23, 24]. Current energy recommendations for HIV-infected pregnant and lactating
women are an increase of 10% over baseline energy needs during the asymptomatic phase
and an increase of 20-30% over baseline energy needs during the symptomatic phase
[25]. Early symptomatic HIV infection is defined as the stage of viral infection caused
by HIV when symptoms have begun, but before the development of AIDS. Symptoms
may include but are not limited to mouth disorders (oral hairy leukoplakia, oral thrush,
gingivitis), prolonged diarrhea, swollen lymph glands, prolonged fever, malaise, weight
loss, bacterial pneumonia, joint pain, and recurrent herpes zoster. In addition, the World
Health Organization (WHO) recommends an intake of an extra 300kcal per day during
all trimesters of pregnancy [26], while the National Research Council recommends an
additional intake of 300kcal per day during the second and third trimesters of pregnancy
[27] (Table 12.2). Energy intakes that fall below established recommendations are likely
to result in coinciding low intakes of micronutrients such as calcium, magnesium, zinc,
vitamin B-6, and folate [19], which have potential consequences for both the mother and
developing child.

Table 12.1
Recommended Weight Gain for Pregnancy Based on Prepregnancy Weight
Recommended
BMI (kg/m?) total weight gain (Ib)
Underweight <19.8 28-40 (13-18 kg)
Normal weight 19.8-26 25-35 (11-16 kg)
Overweight 26-29 15-25 (7-11 kg)
Obese >29 At least 15 (At least 7 kg)
Table 12.2
Adjusted Energy Needs for HIV-Infected Pregnant Women
Additional energy
Increase in energy needs  Plus  for pregnancy
HIV-asymptomatic pregnant women 10% above normal needs + 300kcal/day

HIV-symptomatic pregnant women 20-30% above normal needs  + 300kcal/day
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Protein requirements are higher during pregnancy to support maternal protein synthesis
for expansion of the blood volume, uterus, and breasts and to supply amino acids for
synthesis of fetal and placental proteins [27]. The recommended dietary allowance (RDA)
for protein for a normal pregnancy and lactation is 71 g per day [28] or approximately
1.1 g/lkg/day based on current body weight. This compares to a RDA for protein of 0.8 g/
kg/day for nonpregnant, healthy women [28]. The Institute of Medicine recommends 71 g
of protein per day during pregnancy [29]. In the United States and other developed coun-
tries, adequate protein intake is not usually a problem. As with nonpregnant individuals,
additional protein may be needed under conditions of stress, such as symptomatic HIV
infection. However, there is not sufficient data to suggest that HIV infection in and of
itself demands a higher protein intake by the infected individual [4].

The Acceptable Macronutrient Distribution Range (AMDR) for fat for normal preg-
nancy and lactation is 20-35% of kilocalories for all women from 18 to 50 years of age
[28]. Structural and functional changes in the gastrointestinal tract in HIV often affect
the absorption of fat, leading to fat malabsorption [16]. In this setting, the use of medium
chain triglyceride (MCT) oils may be beneficial. MCT are more easily digested than
long-chain triglycerides (LCT) and can be absorbed across the small intestinal mucosa
in the absence of pancreatic enzymes [30]. MCT oil can be used as a supplement and
added to foods. Also, many enteral feeding formulas designed for patients with fat
malabsorption contain MCT oil.

12.4.2 Micronutrients

Micronutrient deficiencies are seen more frequently in HIV-infected pregnant women
than in HIV-uninfected pregnant women [4]. Deficiencies may be due to physiologic
losses, malabsorption, inadequate intake, and lack of knowledge regarding appropriate
prenatal nutrition [9]. Poor maternal micronutrient status has consequences for both the
mother and the developing infant. Micronutrient deficiencies may result in increased risk
for opportunistic infections, more rapid disease progression [31-33], and an increased
risk of vertical transmission of the virus as a result of compromised immune status of
the mother [17]. Common micronutrient deficiencies that are seen in people with HIV
include vitamin A, B-complex, vitamin C, vitamin E, selenium, and zinc, all of which
play an important role in immune function and defense against infection [34-37 and
Chap. 23, “Micronutrient Status and Pregnancy Outcomes in HIV-Infected Women”].
Iron and folate supplementation is especially important to promote positive pregnancy
outcomes, while vitamin A supplementation has been shown to increase the risk of vertical
HIV transmission. Zinc deficiency results in reduction of T-cell development and function,
affecting immune response [38]. It has also been linked to low-birth-weight outcomes in
infected pregnant women.

12.4.3 Iron and Folate

During pregnancy, there is an increase in blood volume as a result of expansion of
plasma volume by approximately 45—-50% and of red cell mass by approximately 15-20%
in the third trimester [10]. Anemia is a common condition associated with pregnancy
because the expansion of blood cell mass is less relative to plasma, and hemoglobin and
hematocrit levels drop as a result [39]. Anemia during pregnancy is associated with
complications such as low birth weight, preterm delivery, and increased perinatal mortality
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[40]. An additional concern for the HIV-infected pregnant woman is bone marrow
suppression and hemolysis because of infections; the end result is further depressed
hemoglobin [41]. Iron deficiency per se is the prevailing cause of low hemoglobin con-
centrations [42], however vitamin A, folate, riboflavin, vitamin B , [43, 44], and zinc are
also essential to erythropoiesis [36].

Folate deficiency causes macrocytic anemia [45] as well as neural tube defects [46]
and possibly IUGR and preterm delivery [47]. In a study by Friis et al. [36], HIV was a
negative predictor of serum folate, most likely owing to reduced intake and absorption
and increased catabolism.

The Dietary Reference Intakes (DRI) suggests an intake of 27 mg of iron daily and
600 mcg of folate daily to prevent anemia [48, 49]. WHO recommendations regard-
ing supplementation include: 400 mcg of folate and 60 mg of iron daily during the
last 6 months of pregnancy to prevent anemia and twice daily doses to prevent severe
anemia [50]. The WHO recommendation is most applicable to women who reside
in resource-limited settings because it takes into consideration the bioavailability of
dietary iron, which tends to be limited in developing countries [9]. There are concerns
about potential adverse effects of iron supplementation in the setting of HIV infection
[51]. Iron is important for immune function [52] but it also serves as a substrate for
enzymes involved in HIV replication [53, 54]. More research is needed to clarify the
role of iron in HIV infection before current recommendations regarding intake are
reconsidered.

12.4.4 Vitamin A

Maternal vitamin A deficiency may cause IUGR and other adverse pregnancy out-
comes [55] as well as maternal morbidity and mortality [56]. Additionally, infections
may contribute to low vitamin A status in women of reproductive age [57]. In the United
States, however, overt vitamin A deficiency is not commonplace [58], and as a fat-solu-
ble vitamin, there is the potential for excessive intake in the setting of supplementation.
Additionally, in trials conducted in Malawi, South Africa, and Tanzania, Fawzi et al.
[59] found that vitamin A supplementation resulted in a significant increased risk of
vertical HIV transmission and a significant increase in lower genital viral shedding [60].
Vitamin A supplementation is not recommended for HIV-infected pregnant women.

Multivitamin supplementation during pregnancy for the HIV-infected woman has
many benefits. Supplementation with a multivitamin (including B-complex, vitamin C,
and vitamin E) but not vitamin A alone effectively reduces adverse pregnancy outcomes,
such as fetal loss, low birth weight, and prematurity, while also improving maternal
weight gain during pregnancy [19, 50]. In addition, micronutrient supplementation has
been shown to improve body weight and body cell mass [61], specifically during the
last trimester of pregnancy [19, 62], while reducing incidence of opportunistic infec-
tions [63] and hospitalizations [64]. Multivitamin supplementation has been shown to
significantly decrease the risk of maternal weight loss and also improve hemoglobin
concentrations [62]. Fawzi et al. reported that multivitamins had a significant beneficial
effect on T-cell subset counts. There were increases seen in both CD4 and CDS cells,
which are the main cellular indicators of immunity in HIV infection [65]. Finally, use
of multivitamins or B vitamins and higher dietary intakes of riboflavin, thiamin, and
niacin were linked to slower progression of HIV disease [32, 66, 67].
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12.4.5 Zinc

Zinc deficiency has been associated with impaired growth outcomes [68]. In one study
of women in the United States with low serum zinc concentrations, there was a signifi-
cant increase in fetal growth among the group receiving zinc supplementation [69]. Both
the control and supplemented groups received a multivitamin preparation. Results from
trials of zinc supplementation in uninfected pregnant women are mixed, and although
some benefit has been shown, the data are not conclusive.

The RDA for zinc supplementation during pregnancy is 12mg/day for 14- to 19-year-
olds and 11 mg/day for women ages 19-50 [49]. However, in developing countries,
where there is an increased likelihood of chronic zinc deficiency, prophylactic doses of
zinc have been used. The WHO set the Upper Limit (UL) for zinc supplementation at
35mg/day [70, 29].

12.5 MEDICATIONS

Nutrients and nutritional status of the HIV-infected individual can affect the absorp-
tion, use, elimination, and tolerance of antiretroviral medications [71-73]. Treatment of
HIV-infected pregnant women is based on the premise that therapies of known benefit to
women should not be withheld during pregnancy unless they have known adverse effects
on the mother, the fetus, or the infant, and unless the adverse effects outweigh the benefit
to the woman [74]. While some antriretroviral mediations are well tolerated, others have
potential nutritional side effects. Zidovudine, a nucleoside reverse transcriptase inhibitor
(NRTY) that is approved by the US Food and Drug Administration (FDA) for use during
pregnancy to prevent vertical transmission of HIV to the newborn is associated with
nausea and vomiting, as well as bone marrow suppression that may increase the sever-
ity of anemia [16, 23, 75]. Ritonavir, a protease inhibitor (PI) is also associated with
gastrointestinal upset, while Indinavir, another PI is associated with hyperbilirubinemia,
which is a concern for the newborn [76]. Timing of antiretroviral (ARV) medications
with regard to meals is important in terms of medication efficacy and managing drug-
related side effects. Indinavir should be taken 1h before or 2h after meals [77], but can
be taken with light, low-fat meals if necessary. Ritonavir should be taken with food and
liquids such as, chocolate milk, to lessen the bitter aftertaste [78] (See Table 12.3).

A phenomenon of fat redistribution, or lipodystrophy, is often seen in HIV-infected
individuals on ARV therapy, specifically PI, NRTI, or both [79, 80]. This usually occurs
as a result of long-term ARV therapy. The syndrome is characterized by loss of sub-
cutaneous fat from the face, arms, and legs and oftentimes deposition of excess fat in
the neck, upper back, and the trunk [79]. Additionally, metabolic complications such
as insulin resistance, hypertriglyceridemia, low levels of serum low density lipoprotein
cholesterol, and hyperglycemia are commonly seen.

12.6 SYMPTOM MANAGEMENT

Most women who are infected with HIV and become pregnant are asymptomatic
[81]. However, for those who are experiencing symptoms, nutritional consequences may
occur. Some of the symptoms that may affect nutritional status include anorexia, nausea,
vomiting, diarrhea, and chewing and swallowing difficulties [1]. In a study by Kim et al.
[82], the clinical symptom that was consistently associated with an inability to meet the
RDA for nutrients was anorexia. Reduced intake is an important risk factor for weight
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Table 12.3
Common Antiretroviral Medications Used During Pregnancy and their Nutritional Effects [74, 75]

Possible side effects Administration

NRTI

Zidovudine Nausea, vomiting, anemia, neutropenia Can be taken with or without food
Lamivudine  Nausea, vomiting, peripheral neuropathy  Can be taken with or without food

NNRTI

Nevirapine Skin rash (most common) Can be taken with or without food

PI

Lopinavir/ Diarrhea, headache, nausea, vomiting, Should be taken with food

Ritonavir weakness, rash

Nelfinavir Diarrhea, nausea, abdominal pain, Should be taken with food
dizziness, flatus

Indinavir Kidney stones, abdominal pain, Should be taken on an empty
nausea, headache stomach, 1h before meals or

2 h after meals. Can be taken
with light, low-fat meal if
stomach upset occurs.

Ritonavir Nausea, vomiting, diarrhea Should be taken with food or liquids
Chocolate milk may help to
lessen bitter aftertaste

NRTTI: nucleoside reverse transcriptase inhibitor; NNRTI: non-nucleoside reverse transcriptase inhibitor;
PI: protease inhibitor

loss and malnutrition in this population, especially in the setting of opportunistic infections
[16]. Strategies for symptom management are outlined in Table 12.4.

12.7 FOOD SAFETY

HIV-infected women are more susceptible to bacteria and viruses contaminating food
and water [39]. Pregnant, HIV-positive women with negative toxoplasmosis titers should
be counseled regarding avoidance of undercooked meats and foods contaminated by soil
and animal feces [22]. Food poisoning can lead to weight loss and further compromise
immunity to future infections. Proper hand washing, safe food handling and storage, and
cooking foods to appropriate temperatures are especially paramount for the safety and
health of the HIV-infected pregnant woman. See Table 12.5 for guidelines.

12.8 BREASTFEEDING

De Martino et al. [83] report that the risk of mother to child transmission (MTCT) of
HIV through breastfeeding ranges from 4 to 14%, depending upon geographic location
and whether feeding was sustained for greater than 1 year. Some risk factors for MTCT
through breastfeeding include viral load in the blood [84], viral load in breast milk [85],
the mother’s immune status [86], the breast health of the mother [87], and the mother’s
nutritional status, including hemoglobin and serum retinol levels. [58, 88—89]. Mothers
who are HIV-positive should be educated regarding the risks and benefits of different feed-
ing options, including the risk of transmitting HIV through breastfeeding [1] as well as



168 Part II / Nutrient Needs and Factors Related to High-Risk Pregnancy

Table 12.4
Nutrition and Dietary Management of Common HIV Symptoms

Anorexia

 Eat small, frequent meals.

* Capitalize on moments when you are hungry. Keep snacks readily available.
* Choose nutrient dense foods (peanut butter, cheese, yogurt).

* Avoid foods of low nutrient value (diet foods and beverages).

Nausea and vomiting

» Keep something in your stomach to curb nausea (i.e. crackers).

* Choose bland foods that are easy to digest such as toast, pasta, oatmeal, turkey,
and pudding.

* Avoid greasy, high fat foods.

* Avoid spicy or highly seasoned foods.

Diarrhea

* Select binding foods such as bananas, toast, rice, and applesauce.
* Avoid high fat foods and lactose-containing foods.
¢ Drink adequate fluids to replace losses (water, sports drink, juices).

Sore mouth and throat

* Select smooth textured foods, such as pudding, yogurt, scrambled eggs, bananas,
and applesauce.

* Avoid foods that are acidic, spicy, and that have rough edges and textures.

* Add moisture to foods with broths and gravies.

* Use a straw to drink liquids.

Table 12.5
Guidelines for Food Safety

* Ensure proper hand washing.
* Handle and store food in a safe manner (i.e. separate raw foods from
prepared foods).
* Cook foods to appropriate temperatures.
* Store and keep foods at appropriate temperatures.
* Avoid raw or undercooked potentially hazardous foods (i.e. meat, poultry, fish, eggs).
* Use water from a clean and safe water supply.

an increased mortality rate among HIV-infected pregnant women who breastfeed [90].
The metabolic demands of lactation as well as the metabolic demands of HIV infection
are thought to lead to nutritional impairment and subsequently, an increased risk of infant
mortality [90].

It is recommended that mothers who can provide an alternate feeding method that is
acceptable, affordable, sustainable, and safe are advised to do so [91]. The Centers for
Disease Control and Prevention (CDC) recommend that HI'V-infected pregnant women
in the United States avoid breastfeeding [92].

For those mothers who choose to breastfeed, the quality of the breast milk is linked to
the nutritional status of the mother, specifically the concentrations of both macronutrients
and micronutrients as well as immunologic properties [17]. Mixed feeding, which is
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defined as breastfeeding coupled with other foods and liquids by mouth, appears to add
to transmission risk in the first 6 months of life [93]. Longer durations of breastfeeding
by HIV-infected mothers are associated with an increased risk of HIV transmission to
their infants and early weaning from human milk (i.e., at 6 months of age) is recom-
mended to limit the child’s exposure to HIV-infected human milk [90].

12.9 GOALS OF NUTRITION CARE
The following goals for maternal nutritional care have been outlined by Lwanga [94]:

1. Improve nutritional status, maintain weight, prevent weight loss, and preserve lean body
mass.

2. Ensure adequate weight gain during pregnancy.

3. Ensure adequate nutrient intake by improving dietary habits and encouraging appropriate
macronutrient and micronutrient intake.

4. Prevent foodborne illness by promoting food and water safety.

5. Manage symptoms that affect nutrient intake to minimize the impact of secondary infec-
tions on nutritional status.

The general goal of nutritional assessment and interventions is to improve nutritional
status, enhance quality of life, and prolong the survival of the mother [95].

12.10 APPROACHES TO NUTRITIONAL CARE

The following is a recommended approach to nutritional care for the HIV-infected
pregnant woman and includes a baseline nutritional assessment, nutritional counseling,
and follow-up nutritional care.

12.10.1 Nutritional Assessment

A baseline assessment should be made at the first prenatal visit and follow-up care should
be provided at subsequent visits. The initial nutritional assessment should include base-
line anthropometric measurement such as weight, height, BMI (height [cm]/kg [m?]), and
mid—upper arm circumference (MUAC) [23]. The BMI will indicate whether the woman is
at an appropriate weight or is underweight or overweight at onset of pregnancy. This infor-
mation will enable the provider to make specific weight gain recommendations and allow
for tracking of weight gain during pregnancy. Additionally, women who have a MUAC
of <23cm are at even greater nutritional risk [96, 97]; thus, this anthropometric marker
may indicate the need for more aggressive nutritional intervention. Biochemical assessment
measures including serum albumin, transferrin, hematocrit, creatinine, urea nitrogen, lipids,
and micronutrients indicate disease prognosis and potential complications [98, 99]. These
markers should be included in the initial assessment and followed throughout pregnancy.

The initial assessment takes into account the diet history of the woman as well as
any symptoms or problems that might hinder adequate intake. Typical dietary, appetite,
gastrointestinal symptoms (i.e., nausea, vomiting, diarrhea, and constipation), difficulty
with chewing and swallowing, food allergies, ethnic and cultural food practices, and
household food security should be considered and included in the assessment. Further-
more, all medications and supplements as well as complementary therapies should be
investigated in order to determine possible drug-nutrient interactions.
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12.10.2 Nutritional Counseling

e Weight gain goals should be set based on the woman’s BMI at baseline. If underweight
(BMI < 19.8kg/m?), then she needs to gain 28-401b during pregnancy. If at appropriate
weight (BMI 19.8 — 26kg/m?), then she needs to gain 25-351b during pregnancy. If over-
weight (BMI > 26-29kg/m?), then she needs to gain 15-251b during pregnancy. If obese
(BMI > 29kg/m?), then she needs to gain at least 151b during pregnancy (refer to Table 12.1).
Energy needs are dependent on whether the woman is asymptomatic or symptomatic at
the time of assessment. If asymptomatic, then her calorie needs are increased by 10%
plus an additional 300 kcal per day on average during pregnancy (500kcal per day during
lactation). (see Chaps. 1 and 18, “Nutrient Recommendations and Dietary Guidelines for
Pregnanat Women” and “Nutrition Issues During Lactation”). If symptomatic, then her
calorie needs are increased by 20-30% plus an additional 300kcal per day during preg-
nancy (500kcal per day during lactation).
Protein needs are estimated to be approximately 1 g/kg/day.
Encourage a diet that is nutritionally adequate and varied. Additional multivitamin and min-
eral supplementation is also encouraged. Specific nutrients of importance are iron and folate.
The DRI for iron is 27 mg/day and for folate is 600 mcg per day. While prenatal vitamins
vary, most provide approximately 800—1,000 mcg of folic acid and 30 mg of iron per dose.
¢ Provide counseling regarding breastfeeding and risk of MTCT of HIV.
Address food safety with regard to proper hand washing, safe food handling and storage,
and safe cooking temperatures.
e Provide counseling for women on ARV treatment regarding meal planning, symptom
management, and the metabolic changes associated with ARV therapy.

L[]

12.11 CONCLUSION

Nutrition assessment and counseling are critical components of the care plan for
HIV-infected pregnant women. The compounding effects of pregnancy and HIV-infec-
tion place HIV-infected pregnant women at greater nutritional risk. Adequate weight
gain and nutrient intake and symptom management are especially challenging for this
population. Intervention in terms of care for HIV-infected pregnant women tends to be
directed towards pregnancy outcomes and fetal health, more so than to maternal health
and maternal morbidity and mortality. Given the growing population of HIV-infected
women of childbearing age, there is a need for more research to determine the best
nutrition and medical care plans for promoting both maternal and fetal health.
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1 3 Popular Diets

Nancy Rodriguez and Michelle Price Judge

Summary Popular diets are a constant in the lives of women. And while some restricted-
calorie plans recommending extreme differences in the contribution of calories from fat,
carbohydrate, and protein may promote weight loss in some women, they should not be
undertaken during pregnancy. Unfortunately, the scientific literature documenting the
prevalence of use of popular diets in pregnant women, or more importantly the effects
of such dietary behavior on pregnancy outcomes, is, for all practical purposes, nonexistent.
Energy balance is central to the regulation of body weight. During pregnancy, the intent
is for energy balance to be positive such that fetal growth and development is well
supported by adequate calories and essential nutrients. The coexistence of a state of
negative energy balance for the purpose of weight loss during pregnancy will not sup-
port optimal gestation. An appreciation of the basic principles of the most established
popular diets in the context of nutrition and pregnancy will provide a foundation for the
clinician and other healthcare professionals who treat and counsel pregnant women and
women of childbearing age. This chapter provides a framework for practitioners from
which thoughtful and appropriate discussions can result when approached with ques-
tions regarding the potential concerns associated with the practice of such diet behaviors
during pregnancy. Without question, the best approach to healthful weight management
during pregnancy combines a well-balanced diet with reasonable, routine physical
activity and exercise. Habitual consumption of a well planned, energy sufficient diet
containing the recommended amount of the macro- and micronutrients for the duration
of pregnancy will minimize weight-related issues and other metabolic problems from
conception to delivery. Clinicians and practitioners should be familiar with the premise
of popular diets so they are prepared to offer appropriate counsel when they encounter
dieting behaviors during their patients pregnancy.

Keywords: Popular diets, Weight management, exercise, pregnancy

13.1 INTRODUCTION

Women are most susceptible to the seduction of weight loss promised by the over-
whelming number of popular diets promoted by the media. Although essentially
no scientific literature documenting the prevalence of use of popular diets in pregnant
women exists, clinicians and practitioners should be familiar with the premise of these
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diets in the event they encounter dieting behaviors during pregnancy in their patients.
This chapter highlights the basic principles of the most established popular diets in the
context of nutrition and pregnancy to provide a foundation for the clinician and other
healthcare professionals who treat and counsel pregnant women and women of child-
bearing age. The intent is not to promote the use of popular diets by these women, but
to provide a foundation for practitioners from which thoughtful and appropriate discus-
sions can result when approached with questions regarding whether such diet behaviors
are appropriate during pregnancy. Although less enticing, the best approach to healthful
weight management during pregnancy combines a well-balanced diet with reasonable,
as well as routine, physical activity and exercise. A well-planned diet that provides ade-
quate energy and meets macronutrient and micronutrient requirements for the duration
of pregnancy is the basis for minimizing weight-related issues and other metabolic prob-
lems from conception to delivery. Because energy balance (i.e., energy in and energy
out), as well as diet composition (i.e., percent of calories provided by carbohydrate, pro-
tein and fat), is central to the discussion of popular diets, points specific to contemporary
diet plans are integrated throughout the chapter.

13.2 RECOMMENDATIONS FOR WEIGHT GAIN
DURING PREGNANCY

Guidelines for weight gain during pregnancy aim to promote adequate, but not exces-
sive, weight gain for optimal fetal development. Weight gain is highly correlated with
infant birth weight making optimal weight gain during pregnancy important to fetal out-
comes [1]. For a thorough discussion of optimal weight gain for pregnancy, the reader is
referred to Chap. 2, “Optimal Weight Gain,” in Part 1 of this book. In brief, the Institute
of Medicine (IOM) developed guidelines for maternal weight gain based on aggregate
data examining fetal outcomes and associated maternal conditions [1]. These guidelines,
adapted by both the American College of Obstetrics and Gynecology (ACOG) and the
American Dietetic Association (ADA), use maternal body mass index (BMI, kg/m?)
prior to conception (Tables 13.1, 13.2) as a starting point for recommended weight gain
during pregnancy [1-4]. Although these guidelines are available to women during preg-
nancy, educational programs regarding how to follow these guidelines appear to be lacking
as evidenced by several studies documenting that only 30-40% of American women
meet the IOM guidelines for weight gain [1, 3].

Table 13.1
ACOG Guidelines for Weight Gain during Pregnancy [1]

Condition prior to pregnancy Weight gain guideline (Ib)

Underweight 28-40 (12.7-18.2 kg)
Normal weight 25-35 (11.4-16 kg)
Overweight 15-25 (6.8-11.4)
Obese 15 (6.8 kg)

Twins/triplets 35-45 (16-20.5 kg)
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Table 13.2
ADA Position Paper: Guidelines for Weight Gain during Pregnancy

Body mass index (BMI) Recommended weight gain Weight gain/week after 12 weeks

BMI <19.8 12.5-18kg (28-401b) 0.5kg (11b)
BMI 19.8-26 11.5-16kg (25-351b) 0.4kg (0.9 Ib)
BMI > 26-29 7-11.5kg (15-251b) 0.3kg (0.7 Ib)
BMI > 29 At least 7kg (151b)

Twin pregnancy 15.9-20.4kg (34-451b) 0.7kg (1.5 1b)
Triplet pregnancy Overall gain of 22.7kg (501b)

While managing a healthy weight throughout pregnancy may be a challenge for many
women, it is important for women to embrace the fact that they are pregnant and need
to gain weight in order to ensure having a healthy baby. Weight reduction during preg-
nancy is discouraged and has been associated with neuropsychological abnormalities
and low birth weight in the infant [2]. Conversely, excess weight gain can place women
at higher risk for complications. Women should not use pregnancy as an excuse to eat
excessively.

Although diet is a key component to weight maintenance, exercise, rest, and
lifestyle are also highly important. During pregnancy, women should strive to eat
a varied diet that encompasses all of the nutrients essential for fetal development.
This varied diet should be well balanced and not too high or low in any one of the
macronutrients.

13.3 RECOMMENDATIONS FOR HEALTHY EATING

A complete approach to meeting nutrient and health needs during normal pregnancy
is presented in Part 1 of this book. Specific aspects of this information in the context of
weight management are presented here.

13.3.1 Energy

Activity level, age, height, and weight prior to pregnancy are all factors that are
considered when determining an individual’s energy requirements. Although energy
requirements vary from woman to woman, most women’s energy needs range from
approximately 2,500 to 2,700kcal daily [4]. Caloric requirements during the second
and third trimesters of pregnancy are estimated to be 300kcal/day (500kcal/day for
adolescents <14 years of age) above caloric requirements prior to pregnancy. The
prepregnancy energy requirements used as a basis for this caloric estimation during
pregnancy should account for age, activity level, and prepregnancy weight [4]. The
Dietary Reference Intakes (DRIs) for pregnancy take into account increasing needs in
support of fetal growth and appropriate maternal weight gain [5-7]. Butte and King
[8] estimated energy costs of pregnancy using respiratory calorimetry throughout
pregnancy and found that the daily cost of pregnancy increased by trimester. Weight
gain during pregnancy should be individualized relative to prepregnancy BMI such
that pregnancy outcome is improved, postpartum weight retention is minimized, and
risk for adult chronic disease is reduced in the child [1]. In special situations such as
adolescent pregnancy in which additional calories are necessary for the adolescent’s



180 Part III / Special Diets, Supplements, and Specific Nutrients During Pregnancy

own growth energy, requirements may be higher to maintain weight gain goals [2].
Pregnant adolescents less than 14 years of age require an additional 500kcal/day [4, 9].
Likewise, women carrying twins need to consume 500 calories daily above energy
needs for pregnancy as outlined above [7, 10]. Conversely, women who are over-
weight or obese prior to pregnancy will require fewer calories due to the availability
of stored energy. In any case, it is important that positive energy balance (energy in
vs. energy out) exists such that a pregnant woman is in an anabolic state (energy in >
energy out). The degree of positive energy balance should be determined relative to
an individual woman’s prepregnancy body weight (Tables 13.1, 13.2). Theoretically,
an overweight woman may eat fewer calories when she becomes pregnant but still
achieve an anabolic state because the degree of positive energy balance (calorie intake
in excess of energy expended), while less than that prior to the pregnancy will gener-
ally be sufficient to support fetal growth and development.

Once energy needs are established, it is important that the pregnant woman under-
stands how to translate her calorie needs into appropriate food choices to support a
healthy pregnancy. Requirements for some nutrients, such as protein, iron, and calcium,
are increased during pregnancy. Therefore, pregnant women should focus on nutrient
dense foods [foods that provide a lot of nutrients relative to the number of calories]. For
example, one egg will contribute high-quality protein, essential fat, as well as a variety
of vitamins and minerals, for approximately 75 calories. Too often patients are given
calorie levels that may be specific to their needs without adequate instruction on how to
incorporate these guidelines into their daily routines. Twenty-four-hour diet recalls con-
ducted and evaluated by a registered dietitian, in combination with appropriate nutrition
education materials, can be very useful in assisting the individual in translating their
usual diet into meal plans that are consistent with recommendations for appropriate and
healthy weight gain throughout pregnancy.

13.3.2 Diet Composition

The amount of energy contributed by the macronutrients—carbohydrate, protein, and
fat—does not vary substantially during normal pregnancy. The role of each of these
nutrients in normal physiology and metabolism remains intact with a heightened impor-
tance for some functions in the context of fetal growth and development. For that reason,
it is critical that pregnant women do not self-impose diet restrictions or extremes during
pregnancy.

13.3.2.1 CARBOHYDRATE

Carbohydrate is the brain’s main fuel and the nutrient that fuels muscles for daily
tasks and exercise. The growing fetus relies on the mother’s carbohydrate supply.
A diet too low in carbohydrate can affect the energy level of the mother. During normal
pregnancy, care should be taken to ensure that 50-60% of daily calories are provided
as carbohydrate. Diets low in carbohydrate should not be attempted during pregnancy,
as the effects of such a diet on fetal development are not known. Carbohydrate source
should be well planned to ensure that the majority of carbohydrates are complex, with
a limited consumption of refined sugar or simple carbohydrate. Examples of complex
carbohydrates include bread, rice, beans, pasta, and potatoes. When grains are refined,
they are stripped of many important nutrients, including fiber, which are important in



Chapter 13 / Popular Diets 181

pregnancy. Pregnant women should be advised to consume whole-grain bread, cereal,
and pasta products. Fruits, vegetables, and whole-grain products are good sources of
dietary fiber that are beneficial in preventing constipation during pregnancy. Foods with
simple sugar like candy, soft drinks, and desserts should be limited during pregnancy as
they are high in calories and low in nutritional value. These fat and sugar-laden foods
can displace other more nutritious foods and contribute to accelerated weight gain. A
woman requiring 2,500kcal daily would need 275-330g of carbohydrate daily. One
slice of bread, 1/2 cup of cooked pasta, 1/2 cup dry cereal or a serving of fruit all provide
~15 g of carbohydrate per serving.

13.3.2.2 PROTEIN

Adequate protein intake during pregnancy is important to maintain maternal health
during pregnancy as well as provide important building blocks for fetal growth and
development. Protein provides the structural framework for the body, is integral to the
immune system, transports substances throughout the body, is the basis for many hor-
mones and enzymes, and maintains fluid balance. Pregnant women need a minimum
of 60 g of protein daily [2]. Good sources of dietary protein include meat, poultry, fish,
dairy products, legumes, beans, and nuts. One ounce of meat, poultry, fish, or cheese
provides 7 g of protein. One 8-0z. glass of skim milk provides 9 g of protein. Two 3-o0z.
servings of meat, poultry, or fish and three 8-o0z glasses of milk will provide the protein
necessary to meet the protein needs of pregnancy.

13.3.2.3 FaAT

Fat is more energy dense than carbohydrate or protein (9kcal/g vs. 4kcal/g for fat and
carbohydrate and protein, respectively) when consumed within recommended guidelines,
fat is beneficial to maternal health and fetal development. Fats are important in maintain-
ing skin health, as a structural component of cells, for absorption of vitamins A, D, E, and
K as regulatory messengers (hormones), hormone, and for immune function. Recent
evidence suggests that omega-3 fatty acids consumed during pregnancy are beneficial to
cognitive development in infancy and childhood [11-14]. Pregnant women should con-
sume 25-30% of their daily energy as fatty acids. A woman requiring 2,500kcal/day
would need to consume 69—83 total grams of fats daily. These fat requirements should be
met using vegetable-based oils made up of unsaturated fat rather than animal and plant-
based saturated fats that can be more problematic to health [15].

Sources of unsaturated fats include olive oil, canola oil, peanut oil, sunflower oil, flax
seed oil, and fish oil. Canola oil and flax seed oil are sources of the essential fatty acid
a-linolenic acid. Dietary oils either derived or obtained directly from fish are particularly
beneficial during pregnancy as fish contains a preformed source of docosahexaenoic acid
(DHA) which is the metabolic end product of a-linolenic acid in the body [16] and pref-
erentially transferred to fetal tissue during pregnancy [17-19]. Women should consume
300mg of DHA daily during pregnancy [20]. Many pregnant women are concerned about
eating fish during pregnancy due to potential contamination; however, women need to be
educated about safe fish intake during pregnancy to ensure consumption of these impor-
tant omega-3 fatty acids (http://www.cfsan.fda.gov/~comm/haccp4.html). Omega-6 fatty
(linoleic) acid should make up 2% of total energy during pregnancy. This recommendation
does not differ from the recommendation for the general adult population [20].
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Table 13.3

Micronutrient Deficiency Risks Associated with Various Popular Diets

Popular diet type: Micronutrient

Fat restrictive Fat soluble vitamins (A, D, E, K), essential fatty acids
Protein restrictive Iron, vitamin B ,, zinc, magnesium, essential amino acids
Non-dairy Calcium, vitamin D

Carbohydrate restrictive B vitamins, vitamins C, A, K and D, potassium, fiber

Sources of saturated fat include whole milk, beef, cheese, lard, shortening, and palm
and coconut oil. No more than 10% of daily calories should come from a saturated fat
source. A woman who requires 2,200 kcal daily should consume no more than 24 g of
saturated fat daily.

13.3.3 Micronutrients

Pregnancy is a time to ensure adequate micronutrient intake in addition to sufficient
energy and macronutrients for optimal fetal development. The key to ensuring dietary
adequacy of the micronutrients is a varied diet that includes multiple foods from all
food groups. Factors that place pregnant women at risk for micronutrient deficiencies
include diets that restrict energy, diets that omit one or more major food groups, food
insecurity, food intolerances, allergy or food aversions. Dietary plans should be devel-
oped according to risk factors that include alternative dietary sources. Attention should
also be given to potential micronutrient deficiencies associated with the respective types
of diets. Several micronutrients are of critical importance to the fetus’s growth and
development (Table 13.3).

13.4 ACCEPTABLE PHYSICAL ACTIVITY AND EXERCISE PLANS

A plan for regular exercise is another key component of weight management [21-25].
Women need to dispel the myth that women should “take it easy” during pregnancy.
Chapter 3, “Physical Activity and Exercise in Pregnancy,” provides a thorough dis-
cussion regarding physical activity and exercise during pregnancy. In brief, pregnant
women should consult their doctor before initiating an exercise program or modifying
their existing regimen to rule out complications [24]. Light-to-moderate physical activity
does not negatively influence fetal development for a normal, uncomplicated pregnancy
[21, 25]. A properly designed exercise program during pregnancy is beneficial and can
contribute to healthy weight management at this time [22, 24].

In addition to adequate calorie and nutrient intake, and appropriate exercise and physical
activity, various lifestyle factors should be considered when planning for appropriate
weight gain during pregnancy. Occupation, leisure activities, stress level, and habitual
dietary behaviors (i.e., eating out, eating cues, binge eating) are important considerations
for weight management programs. Behavior modification strategies may need to be
implemented for women who have problems with habitual unhealthy dietary behaviors
(See Chap. 9, “Anorexia Nervosa and Bulimia Nervosa during Pregnancy”). All of these
factors should be taken into consideration in consultation with a registered dietitian and
in collaboration with the supervising physician.
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13.5 POPULAR DIETS: IMPLICATIONS FOR PREGNANCY

In general, it is important for women to understand that the goal during pregnancy is
a healthy baby and not weight loss. Pregnant women should not fall prey to fad diets or
diet plans that limit the types of foods that can be eaten. With the ongoing exposure to the
written and visual media directed at body image, it is not surprising that some pregnant
women might become fearful of weight gain during pregnancy and consider very meticu-
lous and restricted eating plans. These plans are likely to parallel the popular diets being
marketed at the time. The challenge to practitioners is to stay abreast of current diet trends
so they are prepared to educate women regarding potential pitfalls of these weight loss
plans specific to pregnancy. Fortunately for doctors, nurses, dietitians, and other allied
health professionals working with pregnant women, the principles and recommendations
for healthy weight gain during pregnancy are straightforward allowing for easy identifica-
tion of nutrient- or metabolic-specific flaws of popular diets in the context of pregnancy.
In addition, although not particularly seductive, the most effective approach to weight
management is based on the simplicity of weight management: energy balance. To gain
weight, energy intake must exceed that expended so the body is able to invest energy in
the anabolic reactions critical to the deposition of musculoskeletal tissues and the devel-
opment of organs and the nervous system. Weight loss or maintenance will occur when
energy intake is less than or equal to that expended, respectively. Popular diets typically
lead the consumer away from this concept with false promises most often based on changes
in the composition of the calories eaten, rather than the total amount of calories consumed
relative to what is needed.

Weight management plans focusing on the macronutrient composition of the diet
have become the cornerstone of popular diets most likely to be considered by a pregnant
woman. Plans that reduce carbohydrate intake in exchange for increasing protein and fat
may be particularly troublesome during pregnancy [26, 27]. The following discussion
addresses various versions of popular diets that practitioners working with pregnant
women may encounter. Because the scientific literature is essentially void of research
in this area, points are made within the context of what is known regarding optimal nutrition
for a healthy pregnancy and how these particular diet practices might undermine these
recommendations.

13.5.1 Low-Carbohydrate Diets

Low-carbohydrate diets are perhaps the most prolific of all weight loss plans. In 1992,
Dr. Robert Atkins published Dr. Atkins’ New Diet Revolution [28]. This was eventu-
ally followed by the publication of two subsequently revised versions of the book. The
premise of this plan is to restrict carbohydrate intake so severely that ketoacidosis ensues.
The plan, which provides only 20 g of carbohydrate during the “Induction Phase,” allows
for extremely high-fat (particularly saturated fat) and protein intakes [28] relative to what
is generally recommended as healthful for the general population [29]. It should be readily
apparent to the practitioner that this amount of carbohydrate is inadequate for supporting
pregnancy [1, 6, 29, 30]. More importantly, a state of ketosis during pregnancy is not con-
sistent with a normal metabolic profile for gestation and can be problematic for both the
mother and fetus [26, 31]. In addition, the amount of calories that is ultimately provided
by this plan will not meet the energy needs of pregnancy.
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The immediate physiological response to the Atkins diet is a significant weight loss
within 7-10 days of following the diet plan. A large component of weight loss is due
to fluid losses that are associated with ketosis and needed for excretion of nitrogenous
metabolites consequent to excessive dietary protein. Neither of these scenarios is desirable
for the pregnant woman.

B-Hydroxybutyrate has been shown to cross the placenta in high amounts in sheep
and produce significant decreases in fetal oxygenation, lactate, and fetal heart rate [32].
Although it is currently unknown how ketoacidosis impacts fetal outcome, in human,
pregnancy complicated with diabetes places the developing fetus at risk for spontane-
ous abortion, stillbirth, congenital malformation, and macrosomia [33]. Given these negative
outcomes associated with uncontrolled diabetes during pregnancy and subsequent
ketoacidosis, women should avoid ketogenic diets during pregnancy.

Normal hydration is important for body functions and physical performance and
concerns regarding the impact of excessive nitrogen secretion on renal function remain
an issue for healthy men and nonpregnant women [34, 35]. Although various studies
have been published to document potential benefits of the Atkins Diet to reducing risk
factors for cardiovascular disease [36], there remains absolutely no premise for induc-
tion of ketosis during pregnancy. Even Dr. Atkins himself warned that his diet is not an
appropriate eating plan for pregnancy [28].

The public’s fascination with the resurgence of the Atkins diet in the twentieth century
resulted in the publication of two other books that promoted higher protein intakes for
weight loss, The Zone Diet and The South Beach Diet [37, 38]. These books exploited
the concept of high-protein intakes for the purpose of weight loss. However, these higher
protein intakes are not at levels that carbohydrate intake is restricted to the extent that
ketosis occurs. Rather, these plans intended to slightly exceed recommended protein
intakes for maintaining muscle mass during weight loss, keep fat within recommended
ranges of approximately 30% of total calories, and promote a level of carbohydrate intake
that prevents extreme fluctuations in blood glucose thereby keeping insulin secretion
at bay [37, 38].

The drawback to these plans was the lack of controlled scientific studies in support of this
approach to weight management. However, both authors do an exceptional job reviewing
and distilling the existing scientific literature in developing the hypotheses for their respec-
tive weight loss programs. As a result, the arguments presented, along with the anectodal
reports of successful weight loss efforts sustained the popularity of these approaches to
weight management. Eventually the scientific community was challenged to design and
execute investigations that would either support or refute claims put forth by these weight
loss programs. And indeed, it would appear that reduced calorie diets for which protein
intakes are slightly above the recommended amount (1.5 g/kg vs. 0.8 g/kg) are quite effec-
tive in eliciting weight loss when combined with regular exercise [23, 39-42].

Of significance to this chapter, however, is that this work was carried out in healthy,
overweight men and women, not pregnant women. An evidence-based analysis by the
Cochrane group documented that balanced energy and protein intakes as recommended
for pregnancy are an appropriate guide for normal, healthy fetal growth and develop-
ment [43]. The report further states, “high-protein or balanced-protein supplementation
alone is not beneficial and may be harmful to the fetus” [43]. That is, protein intakes in
excess of the current RDA for pregnancy are of no benefit during pregnancy and may
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be detrimental to the fetus. This comprehensive report clearly illustrates the importance
of balanced nutrition for pregnancy, particularly the critical relation between energy and
protein for the purpose of weight gain during pregnancy and subsequent growth and
development of the fetus. This report is consistent with current guidelines for nutrition
during pregnancy and provides a sound, scientific-based rationale for counseling women
to avoid diet plans that promote protein intakes in excess of the current recommendation
whether for weight loss or management during pregnancy.

Adequate energy is needed to spare protein for the purpose of body protein synthesis,
maintenance, and repair. This relationship is critical during pregnancy. Therefore, dieting
behaviors that promote reduced energy intake, with or without additional protein, for the
purpose of weight loss during pregnancy are not appropriate. In addition, consumption of
protein intakes in excess of the RDA may be problematic for the mother and the fetus.

13.5.2 Low-Fat Plans

Low-fat diet plans should be cautiously evaluated. As mentioned previously, severe dietary
fat restriction raises the concern for fat-associated micronutrient deficiency. Indeed, essen-
tial fatty acid deficiency has been reported during pregnancy when the woman self-imposed
a dietary fat restriction [44]. Although a reduction in dietary fat intake can be paralleled by
a reduction in energy intake, many “low-fat” and “no-fat” products are actually quite calo-
rie dense due to substitution of fat with carbohydrate, specifically sugar, to overcome taste
deficits when fat is removed. Women must be educated regarding the critical role that fats,
specifically essential fatty acids, play in growth and development of the fetus [12, 17].

13.5.3 Very Low-Calorie Plans

By definition, very low—calorie diet plans provide approximately 400-900 kcal daily.
Clearly, the aforementioned discussion, coupled with the information provided in Part
1 of this book, demonstrates the inappropriate nature of such an approach to weight
management during pregnancy. Even the most proficient registered dietitian could not
design a nutritional care plan that provided all of the essential nutrients required for a
normal, healthy pregnancy with so few calories. Pregnant women must be cautioned
against undertaking any type of reduced calorie plan that compromises energy and nutrient
intake to this extent. If such behaviors were to persist, the practitioner must consider
further evaluation or referral for eating disordered behaviors (see Chap. 9, “Anorexia
Nervosa and Bulimia Nervosa during Pregnancy”).

13.6 WEIGHT LOSS SUPPLEMENTS

13.6.1 Liquid Formulas and Meal-Replacement Bars

The marketplace is replete with a variety of nutritional supplements provided as liquid
formulas and bars. For the purpose of weight loss, these products are not usually inte-
grated into a balanced menu plan but used as substitutes for the entire meal, thereby
reducing total calorie intake. While the literature presents a variety of supplementation
and pregnancy studies, most deal with individual or mixed nutrient (i.e., vitamins or
minerals) supplementation rather than energy or protein or both. Two supplementation
studies appeared pertinent to the discussion of popular diets and pregnancy [45—47].
Both studies provided liquid formulas to pregnant women to improve energy and nutrient
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intake with the intent of improving pregnancy outcomes. Although the supplements did
contribute additional calories to the total intake for some mothers, many of the women
used the supplements as food and meal replacements [47]. The former option, drinking
a nutritional supplement or eating a nutrition bar to ensure adequate calorie intake dur-
ing pregnancy is a reasonable option in practice if a woman cannot consume sufficient
calories and nutrients from whole foods because appetite is lacking or time is limiting.
However, using a liquid nutritional supplement or a nutrient dense meal replacement bar
as a substitute for a meal for the purpose of weight loss or weight management is not
acceptable and should be discouraged in pregnancy.

13.6.2 Pharmacological Diet Aids

Herbal dietary supplements should be avoided during pregnancy due to the lack of
clinical trials investigating safety and efficacy [4]. Herbal and botanical products are
not regulated and therefore can contain a number of compounds that may be unsafe for
consumption during pregnancy. Of particular concern would be herbal dietary supple-
ments marketed for weight loss. The same risks associated with consumption of these
products in the general population would likely be exaggerated during pregnancy. The
governmental website http://vm.cfsan.fda.gov provides information regarding safety of,
and adverse reactions associated with, herbal dietary supplements.

Caffeine acts to accelerate fat burning and is often used by dieters to assist weight
loss attempts. During pregnancy, caffeine has been found to affect fetal heart rate and breathing
[48] and increase risk for spontaneous abortion or low birth weight [49]. However,
results regarding caffeine intake and risk for preterm labor are equivocal as more recent
reports have not demonstrated a reduced risk of preterm labor associated with modest
decreases in caffeine consumption [50, 51]. Given the potential for adverse impacts on
the developing infant, it is recommended that pregnant women not consume more than
300 mg of caffeine daily [4].

13.7 BREASTFEEDING

Although pregnancy is a time when women should be discouraged from caloric
restriction, concerns regarding weight gain provide an excellent opportunity to promote
breastfeeding. Women concerned about weight gain may be particularly interested in
learning how breastfeeding can help shed pounds gained during pregnancy [52]. Dewey
and colleagues [53] found that weight loss is enhanced in the postpartum period if lactation
is continued beyond 6 months. Rather than pursue weight loss by restricting calorie, and
consequently nutrient, intake, women should be educated regarding energy balance in
the context of breastfeeding. Specifically, by understanding the high-energy demands of
lactation, women can apply the concept of negative energy balance subsequent to breast-
feeding to potential weight loss during the postnatal period. The needs for successful
lacatation are discussed further in Chap. 18, (“Nutrition Issues during Lactation”).

13.8 SUMMARY AND RECOMMENDATIONS

Appropriate weight gain, not weight loss, should be the objective in place for achieving
the goal of a healthy baby during pregnancy. Pregnant women should receive sound
nutrition education regarding the interaction of healthy eating and routine physical
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activity for favorable pregnancy outcomes. While it may be tempting to restrict food
consumption to minimize weight gain, pregnant women must be guided such that they
do not fall prey to fad diets. Personal weight reduction goals should be deferred until
after the baby is born. Health professionals working with pregnant women should be
knowledgeable regarding the basic principles of energy balance so that information can
be extended to practical application and education regarding healthy weight gain during
pregnancy. It is recommended that practitioners be aware of the present onslaught of
popular diets. Hence, physicians, dietitians, and nurses need to acknowledge the likeli-
hood that pregnant women may want to minimize or avoid weight gain during pregnancy
and do so by undertaking undesirable dietary behaviors. A basic understanding of the
premise of popular diets and their impact on the ability for women to adequately meet
energy and nutrient requirements for pregnancy will serve as a foundation for sound dis-
cussions to direct women to healthy diet and lifestyle behaviors at this important time.
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