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Foreword

Obesity in the United States now constitutes a public health
crisis of epidemic proportions. More than two-thirds of adults
and approximately one-third of children are overweight or
obese. This trend has persisted for the last decade and shows
no signs of abatement. Importantly, maternal obesity is an
important predictor of childhood obesity. Because of the
particular concern for overweight and obesity in mothers and
young children, human conception and pregnancy may rep-
resent a significant opportunity to begin to positively impact
this evolving epidemic.

Nicholson and Baptiste-Roberts and their colleagues, in this
concise, but complete text, provide a summary of the key
evidence in the field of perinatal obesity, identify gaps in the
field and provide guidance on the generation of research ques-
tions to be answered. The accomplished list of contributors to
this book exemplifies the concept that perinatal obesity is
complex and requires a transdisciplinary team to adequately
cover the topic. The editors, Nicholson and Baptiste-Roberts,
have organized the text in the order in which we clinically see
perinatal obesity — starting with the influence of obesity on
infertility, preconception care, challenges of transitioning the
obese parturient from pregnancy to delivery, gaps in our
evidence for postpartum intervention and postpartum models
of care, and infant and early childhood growth. Intertwined in
these core chapters are chapters that discuss the effects of
body image on perinatal weight, epidemiologic trends in
obesity and long-term maternal and infant outcomes, potential
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influence of depression on obesity in childbearing women, and
gaps in evidence for family-based interventions.

This pioneering work by Wanda Nicholson and Kesha
Baptiste-Roberts represents a thoughtful approach to one of
the most vexing public health crisis of this generation. Obesity
During Pregnancy in Clinical Practice provides clinicians and
public health workers with a current summary of the key
aspects of perinatal obesity, clinical insights on how to
address this escalating public health problem and where
future efforts should be targeted to break the cycle of obesity
in mothers and their offspring.

Tucson, AZ Francisco A.R. Garcia,
MD, MPH, FACOG



Preface

We have had a strong passion for making a difference in
the lives of adults and children through our research. Our
individual careers as a clinician-researcher (Nicholson) and
an epidemiologist (Baptiste-Roberts) has provided on-going
and unique opportunities to influence the health of women
across the lifespan. We have targeted much of our efforts on
obesity and diabetes because of the underlying mechanisms
linking these two conditions and the transgenerational link
between mothers and their offspring. We first began to work
together in 2005 when our clinical and research careers were
beginning. Our partnership has led to manuscripts, grants and
leadership in systematic reviews pertinent to the field of obe-
sity and diabetes in the perinatal period. Along the way, we
have met an incredible group of researchers, clinicians, and
public health officials who are equally passionate about obe-
sity in reproductive age women and who have been a strong
group of interdisciplinary colleagues over the years. We have
been blessed to have them participate in this endeavor.
Obesity rates continue to increase at alarming rates. More
than two-thirds of women of childbearing age are either
overweight or obese, contributing to persistent obesity in
the expectant mother and adverse birth and childhood
outcomes in the offspring. In this book, we have distilled
and formulated information essential for the prevention
and treatment of obesity during the perinatal period. We
sought to summarize and synthesize the evidence on obesity
during the perinatal period, clinical approaches and lifestyle

vii
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interventions. The current state of knowledge and variety of
intervention approaches allow women and their clinicians
to select effective strategies best suited to an individual’s
personal, social and medical characteristics and requirements.
Nevertheless, science is still sometimes inadequate and new
hypotheses are being generated. In these situations, we have
highlighted some new approaches, hypotheses currently
being tested and mechanisms still under study. We hope that
this book will assist clinicians, public health researchers and
public health officials in obtaining a brief focused summary
of the evidence and where our efforts should be targeted to
reduce the burden of overweight and obesity in the perinatal
period.

Chapel Hill, NC Wanda K. Nicholson
Hershey, PA Kesha Baptiste-Roberts
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Preconception and Pregnancy



Chapter 1

Introduction: Breaking
the Cycle of Obesity in
Mothers and Children

Wanda Nicholson

“The womb may be more important than the home,” David Barker,
from the fetal and infant origins of adult disease. [1]

Abstract Obesity in pregnancy is part of a vicious cycle that
contributes to the epidemic of obesity and diabetes across
generations. Breaking the cycle of transgenerational obesity
will require a better understanding of the epidemiological
and clinical aspects of obesity as well as the translation of
science into standardized clinical care and targeted interven-
tions across the life span of women and children. The objec-
tive of this book is to (1) summarize the state of the science of
perinatal obesity and (2) provide clinicians with the informa-
tion they need to effectively care for their patients during this
important teachable moment in their lives.

Keywords Obesity ® Pregnancy e Gestational diabetes e
Weight loss e Transgenerational obesity ® Perinatal obesity

'W. Nicholson, MD, MPH, MBA

Department of Obstetrics and Gynecology,

Diabetes and Obesity Core, Center for Women’s Health Research,
University of North Carolina School of Medicine,

Chapel Hill, NC, USA

e-mail: wanda_nicholson@med.unc.edu

W. Nicholson, K. Baptiste-Roberts (eds.),

Obesity During Pregnancy in Clinical Practice, 3
DOI 10.1007/978-1-4471-2831-1_1,
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Introduction

More than two-thirds of women of childbearing age are over-
weight or obese [2], contributing to a vicious cycle of obesity
in the expectant mother and adverse birth outcomes and
obesity in her offspring (Fig. 1.1). Evidence of the pervasive
concern over adult obesity is reflected in the recent American
Medical Association statement that reclassified obesity as a
“disease” (it was recently known as a “condition”). While
some may claim that the reclassification is purely symbolic, it
opens the door for clinician reimbursement for obesity coun-
seling, prevention, and treatment with behavioral or lifestyle
strategies. The change in classification represents a real para-
digm shift in obesity prevention. Obesity in pregnancy is both
fascinating and concerning because it involves the health of
two patients — both mother and child whose partnership is
intertwined from conception to delivery and beyond. As such,
the mother-child dyad is at the forefront of our efforts to bet-
ter understand and clinically manage obesity and to develop
reasonable clinical and behavioral interventions to modify
the risk of obesity in mothers and their offspring.

Subsequent

Pregnancy

& 1 pregnancy
\e,‘(\ / Overweight or obese at
P time of conception
Adult obesity Offspring l Mothers
' Hyperglycemia;  qyne 2 giabetes .
Predisposition increased GWG i ; ' 4mm |ncreasing BMI

hypertension .
to child obesity possible GDM VP ! over time

/7 \

Increased amounts of

Adverse infant outcomes post partum weight

FiGure 1.1 Transgenerational cycle of obesity for mothers and their
offspring. GWG gestational weight gain, GDM gestational diabetes,
BMI body mass index
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Obesity in Pregnancy and Implications
for Mother and Offspring

One of the downstream consequences of the epidemic of
obesity in the USA is that more women are entering preg-
nancy already suffering from the burden of overweight and
obesity. There are a myriad of adverse outcomes associated
with a pregnancy complicated by obesity, including subfer-
tility, preeclampsia, fetal macrosomia, and cesarean deliv-
ery. Obstetrical complications can increase as much as
threefold in obese versus nonobese mothers. Obesity is a
common risk factor for insulin resistance. Insulin sensitivity
is already reduced by 50-60 % over the course of preg-
nancy, so it is not surprising that overweight or obese
women who are prone to beta-cell dysfunction and glucose
intolerance prior to pregnancy are at increased risk of ges-
tational diabetes (GDM) during pregnancy (Fig. 1.1) [3, 4].
For example, in comparison to women with a normal body
mass index, the risk of developing GDM rises exponen-
tially with increasing BMI, with odds ratios (OR) of 1.97
(95 % CI 1.77-2.19), 3.01 (95 % CI 2.34-3.87), and 5.55
(95 % CI 4.27-7.21) for those who are overweight obese
and morbidly obese, respectively [S]. Other markers of obe-
sity, such as waist circumference and waist-to-hip ratio, are
independently associated with a higher 2-h post-glucose
response, suggesting that central obesity is an independent
predictor of GDM.

Overweight and obese women are at increased risk for
excessive gestational weight gain (GWG) [4-6]. The combina-
tion of pre-pregnancy overweight and obesity and excessive
GWG is particularly concerning. The most recent Institute of
Medicine (IOM) recommendations [7] for a smaller weight
gain range for those classified as overweight (7-11.5 kg) and
obese (5-9 kg) have garnered considerable attention.
Longitudinal studies show a direct association between mater-
nal obesity and infant birth weight. For women who are over-
weight or obese prior to conception, an increase in GWG is
associated with an increase in fetal adiposity. The combination
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of maternal overweight or obesity and exceeding the IOM
guidelines increases the risk of delivering a large-for-gesta-
tional-age infant and the associated complications of dysfunc-
tional labor and potential cesarean delivery [8].

A growing concern, from both a clinical and public health
perspective, is the intrauterine environment and the concept
of transgenerational obesity (Fig. 1.1) [9, 10]. Obesity, GDM,
and excessive weight are thought to change the intrauterine
environment and contribute to increase risk of obesity in
children. Early work by David Barker [1, 11] set the stage for
ongoing research in fetal programming and development of
adult diabetes and hypertension [12]. The Barker hypothesis
postulates that nutritional insults to the fetus during critical
periods of development may lead to in utero alterations in
fetal metabolism or fetal programming that favors
obesity-related conditions in adulthood. Of particular inter-
est is the hypothesis that offspring of women with obesity
may be predisposed to greater energy consumption and
higher levels of sedentary behavior, a finding that is sup-
ported by animal models. Though outside the scope of this
text, animal models have been useful in elucidating the con-
tribution of maternal phenotypes (e.g., obesity and dietary
intake) on the intrauterine environment and growth trajecto-
ries in the offspring [13]. The combination of obesity and
pregnancy, inflammatory markers, adipokines, and the hor-
monal milieu contributes to a complex interrelation of
mechanisms that with further research can broaden our
understanding of the transgenerational effects of obesity.

Breaking the cycle of transgenerational obesity will require
a better understanding of the epidemiological and clinical
aspects of obesity as well as the translation of science into
standardized clinical care and targeted interventions across
the life span of women and children. To date, there are few
published texts that translate the evolving state of the science
of overweight and obesity from the maternal and child health
perspective. The overall objectives in writing this book are to
(1) translate the state of the science on overweight and obesity
in the perinatal period, thus arming clinicians and public health
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officials that provide care to childbearing women with the
knowledge necessary to communicate with their patients on
the effects of obesity in this important time period; (2) com-
municate important clinical aspects of care that can be effec-
tively communicated to patients by their providers in a busy
practice setting; and (3) summarize the evidence for perina-
tal, family, and community lifestyle interventions that have
been shown to be effective in promoting a healthy weight and
modifying the risk of developing diabetes and obesity.

This book is our attempt to summarize the latest develop-
ments in our clinical understanding of obesity in pregnancy.
Obesity is a multicomplex disease, and prevention and treat-
ment will require transdisciplinary approaches, including
clinical, research, and population-based perspectives. The
content of the book differs from other textbooks on obesity
because each chapter is written from a clinical and population-
based perspective. Our collaborative team of experts pro-
vides important, relevant insight into each topic, emphasizing
the intersection between clinical care, research, and broad
dissemination of research findings. The first section provides
an overview of the biological mechanisms underlying the
clinical effects of obesity on the expectant mother and devel-
oping fetus. Dr. Calhoun reviews the biological pathways that
account for the effect of obesity on infertility and subfertility.
She summarizes the current clinical care of the overweight or
obese woman and subfertility, and the lifestyle and medical
options currently used to achieve conception. Both the pre-
conception period and pregnancy represent important teach-
able moments in the lives of childbearing age women. Of
particular concern to clinicians and public health officials is
the contribution of pre-pregnancy obesity to the persistently
high rates of medical complications of pregnancy (diabetes,
hypertension) and adverse birth outcomes (preterm birth,
low birth weight infants, and infant deaths) [14]. Dr. Witkop
outlines important steps in preconception and pregnancy care
in the overweight or obese women and the clinical issues to
consider during this critical time period. Her chapter provides
a step-by-step assessment for preconception care that can be
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used by multiple types of providers in diverse clinical settings.
She summarizes the Institute of Medicine gestational weight
gain guidelines and the role of clinicians in promoting a
healthy weight before and during pregnancy. Also in this sec-
tion, Dr. Witkop discusses the complex decisions faced by
women and their clinicians and the important role of shared
decision making in developing a labor and delivery plan that
incorporates best practice and patient preferences.

In the next section, we explore complex relationships of
demographics and psychosocial factors with obesity. Dr.
Gunderson provides an epidemiological assessment of secu-
lar trends in maternal risk factors for postpartum weight
retention. Dr. Payne and Meltzer-Brody help us to better
understand the relationship of depression symptoms and
obesity in the perinatal period. Drs. Cox, Baptiste-Roberts,
and Gary-Webb discuss women’s perception of body image
and the association with weight and diabetes prevention.

Implementing diet and physical activity interventions in
the periconception period takes advantage of an important
“teachable moment” [15] and offers an opportunity for
women to improve their health status not only to achieve a
healthy pregnancy but to change the course of their long-
term health. Thus, we have set the stage to discuss the current
state of the science on lifestyle interventions — both diet and
physical activity for mothers and their families. Dr. Nicholson
summarizes the findings for the effect of combined diet and
physical activity interventions on weight and adiposity in the
postpartum period and outlines a research agenda to move
the science forward in postpartum care for overweight or
obese women. Drs. Downs, Chasen-Taber, and Evenson out-
line the role of physical activity in promoting a healthy
weight during pregnancy and suggested guidelines for clinical
counseling.

The next section focuses on the effect of maternal obesity
on child growth and adiposity. Drs. Strobino, Minkovitz, and
Erenthral summarize the literature on the effect of maternal
pre-pregnancy body mass index (BMI), gestational weight gain
on early child growth, including infant birth weight and weight
and adiposity up to age 2. Dr. Baptiste-Roberts continues this
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discussion, providing a summary of the data on the effect on
maternal obesity on child growth trajectories after the first
year of life. Addressing child obesity prevention and treatment
from a family perspective could be an effective strategy. Drs.
Ward, Erinosho, Wasser, and Ms. Munoz discuss the findings
from a comprehensive review of 19 studies of family-centered
interventions to prevent or reduce or treat child obesity.

Obesity among women of childbearing age is a major pub-
lic health issue warranting additional studies that investigate
its impact on short- and long-term maternal and child out-
comes as well as best practices for weight management dur-
ing pregnancy and the postpartum period. Our book concludes
with a discussion of where key organizations stand on
screening for obesity and summarizes the next generation of
research needed to inform clinical care.
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Chapter 2
Obesity and Infertility

Kathryn C. Calhoun

Aside from tobacco use, obesity is the most modifiable
risk factor for infertility.

Abstract Elevated body weight can decrease fertility in men
and women. It increases the risk of ovulatory dysfunction and
insulin resistance but can also decrease chance of conception
in women with regular cycles. In men, excess adipose tissue
can create an unfavorable endocrine profile and decrease
sperm count and quality. Obstetrical morbidity and mortality,
and metabolic consequences for the next generation, increase
with elevated body weight so the ideal time to optimize BMI
is preconception. Strategies for weight loss should center on
caloric restriction and increased physical activity, but can uti-
lize medication and surgery as adjuncts.

Keywords Obesity e Infertility ® Anovulation ¢ PCOS e
Insulin resistance ® Glucose intolerance ® Body mass index
(BMI)

K.C. Calhoun, MD
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Key Points

e Existing evidence suggests that elevated body weight
has a detrimental effect on both male and female
fertility.

e FElevated body weight exacerbates Polycystic Ovary
Syndrome [1] and reduces the chance of ovulation, in
both medicated and unmedicated cycles.

e FElevated body weight reduces the chance of preg-
nancy and live birth, in both medicated and unmedi-
cated cycles.

e Weight loss appears to improve health, fertility, and
life expectancy.

e All weight loss and weight maintenance strategies
should include both diet and exercise.

Definitions

Infertility: No conception despite 1 year of unprotected
intercourse

Body mass index (BMI): A standardized expression of
body size, as determined by weight in kilograms divided by
height in meters squared (kg/m?):

<19: Underweight
19-24.9: Normal BMI
25-29.9: Overweight
30-34.5: Obesity 1
35-39.9: Obesity 11
>40: Obesity 111

Ovulatory dysfunction: The failure to predictably release
an oocyte in a cyclic fashion (also known as “oligo-
ovulation” or “anovulation™)

Insulin: Hormonal regulator of the body’s use of glucose
(sugar) and fat; produced by the pancreas

Insulin resistance: Failure of the body’s cells to take up
glucose from the blood in response to “normal” amounts
of blood insulin
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® Glucose intolerance: As a result of insulin resistance (and/
or inadequate insulin production by the pancreas), blood
glucose levels are chronically elevated

e “Prediabetes”: May refer to insulin resistance +/— glucose
intolerance

e Resting metabolic rate (RMR): The number of calories
consumed daily for bodily homeostasis

The Scope of the Problem

Infertility, defined as no conception after 1 year of unpro-
tected intercourse, affects 15 % of the US population or over
seven million couples [2]. In the USA, roughly 1 % of children
are conceived via in vitro fertilization (IVF), with many more
couples employing less aggressive medical assistance (i.e.,
ovulation induction medicines, intrauterine insemination) [2].

A devastating and related problem is the pandemic of
obesity. Worldwide, more people are obese than starving [3].
In the USA, over 60 % of adults are above their ideal body
weight; approximately 36 % of adults and 17 % of children
and adolescents (<19 years old) are obese [2]. There are racial
discrepancies in obesity, with 50 % of African Americans
struggling with obesity. Individuals with elevated body weight
suffer more illness (cardiovascular, psychological, oncologic)
and earlier deaths than their counterparts who maintain an
ideal body weight (CDC) [2, 4, 5]. Women who are over-
weight and obese have additional consequences of obstetrical
and gynecologic morbidities, and both sexes have reduced
fertility at elevated body weights [6, 7]. Aside from tobacco
use, obesity is the most modifiable risk factor for morbidity,
mortality, and infertility.

Obesity and Female Fertility
Although one large study found no significant difference in

fecundity between BMI groups, the majority of the literature
suggests that fecundity declines with increasing BMI [7, 8].
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Decreased fertility in the obese population relates primarily
to ovulatory dysfunction (“anovulation” or “oligo-ovulation”),
or the failure to reliably release a mature oocyte in a cyclic
fashion. In fact, BMI at age 18 has been shown to predict the
risk of anovulatory infertility and nulliparity [9]. Approximately
3047 % of overweight women have menstrual irregularities
[1]. Weight loss, even modest amounts of 5-10 % of body
weight, has been shown to increase the likelihood of ovulation
and conception, in both medically unassisted and assisted
cycles [8, 10].

There is evidence that ovulatory disorders may not be the
only explanation for decreased fecundity in heavier women.
Even in ovulatory women, time to conception (TTC) is more
likely to be greater than 6 months in women with elevated
body weight. Even after controlling for menstrual regularity,
women with more visceral adiposity had a longer time to
conception [11]. One study of over 3,000 ovulatory women
with at least one normal tube and access to normal sperm
demonstrated that pregnancy rate (PR) declined 4 % per
year for every BMI unit over 29 [12]. Other factors may be
involved, such as the uterus, the gamete quality, the endocrine
milieu, or the presence of chronic inflammation.

Anovulation

The hypothalamic-pituitary-gonadal axis is quite vulnerable
to the effects of stress, illness, and weight changes, likely
reflecting an evolutionary adaptation designed to prevent
increases in the population during times of starvation, con-
flict, or disease.

In the beginning of an ovulatory cycle, the pituitary gland
responds to hypothalamic GnRH pulses with release of
follicle-stimulating hormone (FSH), aimed at developing the
cohort of follicles that have been recruited in the luteal phase
of the previous cycle. As early as cycle day 5, a dominant fol-
licle emerges, with superior blood flow and FSH-receptor
concentrations, able to survive even when FSH secretion is
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attenuated in response to rising ovarian estrogen and inhibin
B levels [13]. When estrogen concentrations are sustained at
a threshold level (200 pg/ml) for approximately 50 h (reflect-
ing a mature oocyte), central estrogen feedback then becomes
stimulatory and pituitary luteinizing hormone (LH) is
released to affect final maturation of the mature egg/follicle
and, ultimately, ovulation.

There are many points in the ovulatory menstrual cycle
that can be disrupted by elevated body weight/adiposity.
Adipose tissue possesses aromatase and is, therefore, capable
of converting peripheral androgens to estrogens (estrone).
This chronic elevation of estrogen may prevent the late luteal
FSH rise that is necessary to recruit a cohort of follicles for
the subsequent cycle. In addition, the hypothalamic GnRH
pulsatility can be altered, thereby preventing the proper
ratios of FSH/LH secretion to produce a dominant follicle.
Without proper stimulation and feedback loops between the
brain and the ovary, the entire cohort remains immature and
is not able to sustain the necessary estrogen level/duration
that is necessary to trigger the LH surge for ovulation. To
compound the dysfunction, the risk of insulin resistance/
hyperinsulinemia increases with excess body weight [14].
Insulin stimulates ovarian androgen production directly, but
also indirectly by increasing LH secretion. Insulin also
decreases hepatic production of sex hormone-binding globu-
lin, with a net effect of increased circulating free androgens.
Free androgens impair proper follicular development and
can have undesired peripheral effects such as increased acne
and impaired hair growth (both hirsutism and male patterned
baldness). The situation further compounds itself because
immature eggs/follicles eventually become atretic and join
the stromal tissue of the ovary, where they begin to produce
ovarian androgens and worsen the problem. Chronic eleva-
tion of LH and also leptin, a protein hormone which regu-
lates satiety, can impair granulosa cells, and thus follicular,
function [15, 16]. Insulin resistance and hyperandrogenism
are arguably the central driving forces in the pathophysiology
of Polycystic Ovary Syndrome (PCOS).
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Polycystic Ovary Syndrome

PCOS, according to the original 1990 NIH criteria, represents
a subset of anovulatory women who also suffer from hyper-
androgenism [16]. The diagnosis can be made based on men-
strual history and clinical or laboratory evidence of elevated
androgens, after excluding other possible disorders (i.e., non-
classical congenital adrenal hyperplasia, hyperprolactinemia,
hypercortisolism, thyroid dysfunction) [16]. Because these
women suffer prolonged periods of anovulation, their ovaries
become enlarged with excess stromal (thecal) mass from
months of follicular atresia. Amongst the excess stroma,
many immature follicles remain, giving the ovaries in this
syndrome their “polycystic” appearance on ultrasound. As
discussed above, theca cells in the increased stroma produce
androgens in response to LH, and they seem to be more sen-
sitive to LH in the ovaries of women with PCOS [14]. Though
obesity is not a criterion for PCOS, adiposity contributes to
anovulation, insulin resistance, and, therefore, hyperan-
drogenism, and a substantial majority of women with PCOS
also struggle with their weight. Estimates suggest 30-80 % of
women with PCOS are obese, depending on ethnicity [16].
Lean women with PCOS have more fat than non-PCOS
women, matched for BMI, but they seem to have lesser
degrees of hyperinsulinemia and hyperandrogenism and
metabolic disturbance [14, 16]. Hyperandrogenism has been
implicated in aggravation of visceral adiposity and insulin
resistance [17, 18]. Hyperinsulinemia aggravates hyperan-
drogenism; the conditions propagate each other and the
PCOS.

Significance

The importance of distinguishing women with PCOS from
other women with anovulation is that PCOS women suffer
greater metabolic consequences, owing to their concomitant
insulin and androgen disruptions. In contrast to 1990 NIH
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criteria, the 2004 Rotterdam ESHRE PCOS definition
requires manifestation of any two of the following three cri-
teria: ovulatory dysfunction, hyperandrogenism, and/or poly-
cystic ovaries on ultrasound [1]. Thus, Rotterdam criteria
PCOS does not require hyperandrogenism. However, women
without hyperandrogenism do not seem to manifest the same
metabolic perturbations, prompting the Androgen Excess
Society to reaffirm the necessity of hyperandrogenism and
anovulation for inclusion in PCOS [19, 20].

Management

Due to the increased risk of metabolic consequences, women
with PCOS should be screened annually with a fasting lipid
panel (for hypercholesterolemia) and a 75-g, 2-h glucose tol-
erance test (for insulin resistance and glucose intolerance).
Obese women with PCOS have 7-10 times the risk of
developing insulin/glucose abnormalities as normal subjects
[16]. Clearly, diet and exercise are essential to controlling
cholesterol and insulin sensitivity and to combatting weight
gain which increases the metabolic risks. Abdominal obesity
and weight gain in the teenage years are risk factors for
developing PCOS [21]. Many features of PCOS resolve fol-
lowing weight loss with bariatric surgery [22, 23].

In addition to diet and exercise directed at achieving and
maintaining a healthy weight, therapy for women with PCOS
must address their ovulatory dysfunction and hyperan-
drogenism. For women who are not trying to conceive, cycle
regulation is best accomplished with a combined oral contra-
ceptive pill (cOCP). In addition to cycle regulation, the estro-
gen in combined hormonal preparations stimulates hepatic
SHBG production to decrease free androgens. For women
who wish or need to avoid estrogen, progesterone-only
options include cyclic progesterone administrations (not con-
traceptive), Implanon® (Merck Pharmaceuticals), Depo-
Provera® (Pfizer), or a Mirena® (Bayer Healthcare) IUD. It
is imperative that all anovulatory women avoid chronic
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unopposed endometrial estrogen exposure, which can lead to
endometrial cancer. Progesterone-only methods prevent
unopposed estrogen exposure, provide some cycle regulation,
and can decrease LH-driven ovarian androgen production.

Hyperandrogenism is treated with cosmetic removal of
existing hair growth and prevention of further hair follicle
virilization with antiandrogen medications. As discussed
above, estrogen-containing cOCPs increase SHBG to decrease
free androgens. All hormonal contraceptives may decrease
ovarian androgen production. Antiandrogen medications
include spironolactone (a diuretic with actions against the
androgen receptor) and inhibitors of 5-alpha reductase (blocks
peripheral conversion of weak androgens to the more potent
DHT). Antiandrogen medicines must be used in conjunction
with contraception, due to their potential teratogenicity in
male fetuses. Antiandrogens and cOCPs are, unfortunately,
less efficacious in obese women, providing more reason to
optimize weight in the treatment of PCOS [24, 25].

For women trying to conceive, anovulation is treated with
oral (i.e., clomiphene citrate, letrozole) or injectable (FSH,
LH) ovulation induction agents. As discussed above, antian-
drogen medications are contraindicated in the periconcep-
tion or pregnancy period.

The insulin-sensitizing agent, Metformin, is discussed
below. It has been considered as an adjunct to ovulation
induction strategies in women with PCOS, especially in
women with demonstrated insulin or glucose abnormalities.
Recent studies have suggested that some women with PCOS
and insulin resistance have defects and/or deficiencies inosi-
tolphosphoglycan (IPG) mediators of insulin action. Myo-
inositol (Pregnitude) is a supplement that has demonstrated
improvements in insulin levels, cutaneous symptoms (acne,
hair), and ovulation induction [26, 27].

Obesity and Male Fertility

There is concordance between partners for weight and BMI,
amongst other cardiovascular risk factors [28, 29]. This finding
may be due to assortative mating and/or shared environment,
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and two partners with excess adiposity can potentiate problems
with sexuality and fertility. It is essential that research on
weight/BMI and fertility include parameters for both partners.

Though frequency of sexual activity is similar in obese
versus nonobese females, positional difficulties may affect
frequency of intercourse in very obese women. Notably,
orgasm and sexual satisfaction are negatively correlated with
BMI in women and impotence and erectile dysfunction are
increased in overweight and obese men [30]. Some of these
effects may also be due to comorbidities, such as diabetes
mellitus and depression [2].

Men with excess body weight often suffer impaired sper-
matogenesis. Three clinical studies have shown that obesity,
as indicated by body mass index, is associated with decreased
sperm concentration and motility [31-33]. Two of these stud-
ies involved males presenting with their partners for infertil-
ity treatment, and one was a study of young adult volunteers
without an infertility diagnosis presenting for a routine medi-
cal examination. Significant correlations between reproduc-
tive hormone levels and BMI were observed in the study of
normal volunteers [31]. From a hypothalamic-pituitary-
gonadal standpoint, higher estrogen levels from adipose aro-
matization suppresses the LH and FSH drives to stimulate
testicular testosterone and sperm production, respectively.
Levels of sex hormone-binding globulin are often lowered by
the estrogen so these men may demonstrate elevated free
androgen levels, though testicular testosterone is suppressed,
impairing spermatogenesis and, possibly, sexuality [31, 33].

At alocal level, there may also be a deleterious impact from
increased amounts of suprapubic and thigh fat, possibly from
elevated scrotal temperatures. Improved semen quality and
pregnancy rates have been reported after scrotal/suprapubic
lipectomy, though this is not routinely employed [34, 35].

Similar to women, weight loss appears to benefit male fer-
tility, with improvements in semen parameters. A 2009 study
examined the relationship between BMI and reproductive
hormones in obese men undergoing Roux-en-Y gastric bypass
surgery and discovered that BMI correlated positively with
estradiol and negatively with testosterone. Further, estra-
diol decreased and testosterone increased with significant
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postoperative weight loss. Sexual quality of life was also
improved with weight loss [35]. Though one case series from
Italy reported six patients who presented with secondary
infertility due to nonobstructive azoospermia following Roux-
en-Y gastric bypass surgery, other research studies suggest
that obesity is associated with diminished sperm function and
that weight loss might improve fertility [35, 36].

Infertility Treatment for the Obese
Female Patient

Infertility treatment is more successful for women who are
closer to their ideal body weight. For anovulatory patients,
rates of both ovulation and conception with the oral ovula-
tion induction agent clomiphene citrate are higher at lower
BMIs [8]. After ovulation induction is successful, live birth
rates are higher for nonobese women [8].

During in vitro fertilization (IVF) cycles, women who have
elevated body weights require more medications for a longer
duration and still suffer more cancellations, fewer eggs
retrieved, fewer embryos transferred, lower pregnancy rates,
and more miscarriages [37].

The obstetrical morbidities associated with elevated body
weight are discussed elsewhere in this book but include
higher rates of miscarriage, birth defects, gestational diabetes,
preeclampsia, cesarean section, and still birth [37-39]. These
increased risks hold true for overweight and obese women
after conception with IVF [40].

Both the American Congress of Obstetricians and
Gynecologists [41] and the American Society for Reproductive
Medicine [1] advocate for achieving a healthy weight/BMI prior
to conception [1,41]. Advocates of the Barker hypothesis stress
the impact of the in-utero environment on long-term health
status and outcomes, and the lifetime consequences of obesity
during pregnancy which include metabolic sequelae, that predis-
pose the next generation to obesity and diabetes [42].

Though “normal” BMI is established as 19.5-24.9, there is
no current consensus on a BMI cutoff for conception. Many
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independent clinics have established cutoffs for fertility treat-
ment but, with weight problems being nearly ubiquitous, many
practitioners encounter the ethical dilemma of delaying fertil-
ity treatment in a woman with dwindling ovarian reserve. As
obesity and advanced maternal age may compound the risk
for the same obstetrical morbidities, it seems counterintuitive
to advocate pursuit of conception prior to weight loss in these
women, but it may be construed as cruel to deny them an
opportunity to conceive with their own oocytes.

Achieving a “normal” weight/BMI is a clear component of
optimizing preconception health and should be included in
any preconceptual counseling. Some women are very obese
and may not ever achieve a BMI <25; in those populations,
some have advocated that a BMI <35 be the target [1].

Strategies for Weight Loss

The formula for weight loss is simple: consume fewer calories
than are needed to support daily activity. Operationalizing
this strategy is difficult, as daily attention to caloric restriction
and increased activity represents a huge life change for many
individuals. Though tedious and initially awkward, it can (and
must!) be done — without implementation of regular exercise,
the basal metabolic rate declines with age (~2 %/decade over
age 18) (acefitness.org). Everyone must incorporate diet and
exercise to maintain a healthy weight; individuals who are
overweight must initially restrict more aggressively to lose
excess weight.

Diet

To a degree, the exact composition of the diet does not seem
to be as important as the overall caloric restriction. Studies
have shown low-carbohydrate and low-fat diets to achieve
equivalent weight loss at 1 year and equivalent decreases in
insulin, CRP, and cholesterol. One exception to this statement
may be women with PCOS or individuals with insulin
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resistance, glucose intolerance, or “prediabetes” — in this case,
a diet that pays attention to the glycemic index can be useful.
The glycemic index is an objective way to measure a food’s
effect on blood sugar; foods with higher glycemic index
scores raise blood sugar more abruptly, creating “spikes” and
subsequent “crashes.” Both ends of the spectrum can be
unpleasant and may make a diet harder to follow. Complex
carbohydrates and proteins have a lower glycemic index
(under 55) meaning that they have a slower, steadier effect on
blood glucose and insulin levels [43]. Low glycemic index
translates into fewer blood glucose peaks and valleys, fewer
surges in insulin demands, and fewer “shaky” episodes where
the dieter may run to the closest vending machine for a quick
glucose fix.

Sadly, most diets fail. The average weight regained by diet-
ers is 60-85 % at 3 years and 75-120 % by 5 years [1]. The
reason for this failure is that most diets are short-term plans
and are not sustainable lifestyle changes. As discussed above,
aging brings a predictable decrease in basal metabolic rate,
making progressive caloric restriction and regular exercise
vital to maintaining a healthy weight. It is essential for the
individual dieter to embrace a long-term plan; extreme
restriction is typically not sustainable.

A healthy rate of weight loss should not exceed 1-2 Ib/
week. One method to calculate daily caloric intake is to com-
pute the resting metabolic rate (RMR) or the number of
calories required to keep the body’s basic functions running
on a daily basis; RMR does not take into account additional
exercise. Subtracting 500 cal from RMR will give an approxi-
mate daily caloric limit for losing 1-2 1b/week.

Resources permitting, it is helpful for the dieter to seek
help from a nutritionist or endocrinologist. These profession-
als can help to design meal plans and calorie counts that take
into account the individual dieter’s goals, food preferences/
cravings, and past experiences. Studies show that dieters in
organized programs fare better [44].
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Exercise

Physical activity has many benefits; not only does it reliably
improve cardiovascular health but it is an essential adjunct to
diet for individuals pursuing weight loss (AHA). Exercise
builds upon the RMR to burn more calories and assist in
weight loss. Additionally, exercise has proven effects on
improving insulin sensitivity and thus glucose utilization [14].
Improvements in insulin sensitivity may well improve chances
for ovulation.

The American Heart Association (AHA) recommends
moderate activity for 150 min/week or vigorous activity for
75 min/week. ACOG echoes the merits of moderate exercise,
even for women with uncomplicated pregnancies, recom-
mending 30-45 min on most, if not all, days [41]. There is
mounting evidence that interval training, incorporating bursts
of increased exertion upon a longer period of moderate exer-
tion, may be superior to moderate activity in improving both
fitness and cardiovascular profiles [45].

As with dieting, there is an advantage to seeking out pro-
fessional advice from a trainer or a staff member at a local
gym/fitness center. At the very least, exercising with another
person may improve compliance.

Medications

There are pharmaceutical preparations available for indi-
viduals who do not achieve adequate weight loss after 6
months of diet and exercise. Medical interventions may be
reserved for those with a BMI >30 or >27 with comorbidi-
ties. On average, users demonstrate loss of an additional
2-4 kg over 7-48 weeks, representing a broad spectrum of
results [46]. It must be stressed that adjunctive treatments,
including medicines, must be combined with diet and regular
exercise.
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Sympathomimetics, i.e., Phentermine (Adipex)
or Diethylpropion (Anorex, Tenuate)

These are norepinephrine stimulant and reuptake inhibitors
that function as appetite suppressants. They are to be used
with caution in cardiovascular disease patients and preg-
nancy (Class C). Patients should have regular blood pressure
and weight checks. Studies have shown loss of an additional
3.6 kg/6 months vs. placebo [46].

Anti-absorptives, i.e., Orlistat (Xenical, Alli)

These are a derivative of natural inhibitor of pancreatic
lipases shown to block intestinal fat absorption by 30 %. As a
result, they also block the fat-soluble vitamins (ADEK).
These should not be used for malabsorption or cholestasis
patients. Gastrointestinal (GI) side effects, though rare, can
affect the liver and kidney. Studies have shown loss of an
additional 2.9 kg/12 months vs. placebo and, possibly,
improved lipids and Hemoglobin A1C levels [46].

Insulin Sensitizers (Metformin/Glucophage)

This is a biguanide that inhibits hepatic glucose production
and increases peripheral tissue insulin sensitivity. It often has
GI side effects (diarrhea), though newer extended release
preparations seem to be better tolerated. Studies have shown
loss of an additional 1-2 kg more than placebo so this should
not be used primarily as a weight-loss drug but more as an
adjunct to exercise for patients with insulin resistance [47].

Myo-inositol (Pregnitude)

As discussed above, this medication may mediate insulin
actions, thereby reducing serum insulin and testosterone lev-
els, treating cutaneous disorders associated with hyperan-
drogenism (hair, acne) and enhancing ovulation [26, 27].
Though Metformin is currently the first-line medication for
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PCOS patients with insulin resistance, Myo-inositol appears
to be a useful alternative, particularly for patients who cannot
tolerate Metformin.

Androgen-Reducing Medications

As discussed above, these may be a critical adjunct to improv-
ing insulin sensitivity in women with hyperandrogenism.
Spironolactone is a diuretic with antagonistic effects on the
androgen receptor. Inhibitors of 5-alpha reductase block the
conversion of weak androgens to the more potent DHT, which
mediates all virilizing effects on hair follicles and sebaceous
units. As discussed, these must be used with contraception.

Antidepressants (SSRIs), Antiepileptics

These categories of medications have demonstrated weight
loss for some patients in trials for their primary indications.
However, some patients have demonstrated weight gain
while on these medicines so they should not be prescribed for
weight loss [1].

Ephedra/Ephedrine (Ma Huang)

Sold as an herbal supplement over the counter, this com-
pound is a sympathomimetic that results in increased ther-
mogenesis and acts as an appetite suppressant. Studies have
shown loss of only an additional 0.6-1 kg weight per month,
when compared to placebo, and this compound carries sev-
eral side effect risks, including cardiovascular, GI, central
nervous system, and psychiatric. It is, therefore, not recom-
mended for weight loss [48].

Surgery

Bariatric (weight loss) surgery, first introduced in the 1960s,
is recognized as the most effective treatment for Class 3
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obesity [49]. It is typically reserved for patients with a BMI
>40 or >35 with comorbidities, who have failed other inter-
ventions. Preoperative treatment includes intensive screening
and demonstrating ability to comply with aggressive caloric
restriction. There are two general categories of bariatric sur-
gery: restrictive and malabsorptive. The former includes band-
ing procedures and is a reversible way of decreasing the size
of the stomach and increasing satiety. The latter is often a
permanent anatomic alteration that results in a smaller stom-
ach and, often, a marked reduction in absorptive intestinal
surface. Both types of surgery produce dramatic weight loss
postoperatively, though the malabsorptive procedures seem
to result in greater total weight loss, longer sustained weight
loss, and also, more nutritional deficits and considerations.

The goal of bariatric surgery is to improve obesity and related
conditions. The mortality rate is less than 1 %, and it does seem
to improve high blood pressure, diabetes, cholesterol, and sleep
apnea. As mentioned above, the balance of evidence seems to
support its role in improving both male and female fertility,
including the manifestations of PCOS [1]. Eighty percent of
bariatric surgery patients are female and, as the obstetrical and
gynecologic community cares for more women after surgery,
guidelines have been generated. Currently, it is recommended to
defer pregnancy for 1 year postoperatively, as the majority of
weight loss occurs during this time frame. Careful attention must
be paid to iron, folate, B12, calcium, and the fat-soluble vitamins
(ADEK) [49, 50]. Limited data from observational studies sug-
gest that, after surgery-induced weight reduction, women enjoy
a reduction of gestational diabetes mellitus and gestational
hypertensive disorders when compared to their obese counter-
parts. Further research is needed on macrosomia, growth restric-
tion, and preterm birth [50].

Future Directions
Elevated body weight affects the health, longevity, and fertil-

ity of both men and women. The burgeoning obesity pan-
demic threatens to shorten the life expectancy and fecundity
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of our species. In addition to ongoing research on the exact
pathophysiology underlying obesity and its comorbid condi-
tions, future efforts should focus on patient education and
preventative health measures directed at achieving healthier
body weights.

Leading medical organizations have instructed providers
to assess patient weight and triage overweight and obese
patients to treatment [51]. Studies have shown that patients
who receive advice to lose weight are nearly three times more
likely to report trying to lose weight than those who do not,
thus underscoring the role of the healthcare provider as the
impetus for change [52]. Unfortunately, less than half of
obese adults in the USA report weight loss counseling by
their care provider [52]. A recent survey found that women’s
healthcare providers neglect to counsel overweight and
obese patients, even when they correctly recognize them as
overweight/obese and acknowledge that they need counsel-
ing. The leading barrier to counseling was time constraints
during the visit [53].

The United States Preventative Services Task Force con-
cluded that physician counseling alone was only modestly
effective but results could be improved by adding weight loss
education and support [51]. Therefore, physicians and health-
care providers must identify women who are overweight and
triage them to specialists in diet, exercise, psychological coun-
seling, and bariatric surgery. Cultivating a lattice of physician
extenders to help with weight loss will alleviate time pres-
sures on the primary provider and improve the specialized
quality of treatment and counseling. The critical step in this
process is that the primary provider must communicate to the
patient that they are overweight, identify weight loss as a
priority, and provide the referral to an expert in weight reduc-
tion. If the primary provider abdicates this responsibility (and
simply treats the sequelae of unchecked weight gain), the
obesity epidemic will continue to claim the health and lon-
gevity of our friends and family.

It is quite possible that we need a paradigm shift towards
treating obesity as an addiction, akin to other eating disorders.
Intensive therapy and/or inpatient programs are likely
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necessary for severe and refractory cases of obesity. In addi-
tion, financial incentives have been shown to maintain weight
loss group attendance so it may be helpful to institute token
economies via insurance premium discounts for healthy
behaviors [54-56].

Healthcare practitioners who see reproductive-aged
women are the gatekeepers of maternal-fetal health. They
must recognize and discuss the effects of excess body weight
on reproduction and obstetrical morbidity and facilitate
weight loss before pregnancy to prevent perpetuation of the
obesity epidemic and its threat to fertility, wellness, and
longevity.
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Chapter 3

Preconception and Pregnancy
Care in Overweight or Obese
Woman

Catherine Takacs Witkop

I view preconception care as empowering women, to give them
control over their pregnancy outcomes.
Peter M. Bernstein, Medscape July 8, 2010

Abstract Overweight and obesity are associated with mul-
tiple maternal and fetal complications, including gestational
diabetes mellitus, hypertensive disorders of pregnancy, mac-
rosomia (infant weighing more than 4,000 g), and cesarean
delivery. The preconception period is a critical time frame to
address overweight and obesity in reproductive-aged women.
Preconception care should include education about the effect
of obesity on pregnancy outcomes, long-term health of the
offspring, clinical evaluation for comorbid conditions, assess-
ment of the patient’s readiness for change, and guidance on
safe and effective interventions to achieve a healthy weight
prior to conception. Current gaps in our knowledge include
the identification of the most effective lifestyle strategies
to promote a healthy weight prior to pregnancy and the
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development of policies to improve the dissemination of
patient-centered preconception care.

Keywords Preconception care e Overweight ¢ Obese
Pregnancy outcomes e Lifestyle modification e Behavioral
counseling

Key Points

e All reproductive-aged women should be screened
for obesity by providers using body mass index
(BMI).

e Providing overweight and obese women with
evidence-based lifestyle modifications can help to
improve health status prior to conception.

e Screening for obesity-related conditions including
diabetes and dyslipidemia is an important step to
improve a woman’s health before conception.

e Motivational interviewing, guidance on nutrition and
physical activity, and patient activation tools during
the preconception phase help women achieve a
healthy lifestyle before pregnancy.

Introduction

Transitioning women from the preconception phase to the
pregnancy phase of their lives has been an incredible chal-
lenge for providers and public health officials. The life-course
model, developed by Lu and Halfon, focuses on the medical
and psychosocial factors that affect a woman’s health from
birth until the time she conceives. The preconception period is
an “important teachable moment” and represents a unique
opportunity [1] to educate overweight and obese women
about achieving a healthy weight before conception.
Preconception care is defined as a set of interventions that
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aim to identify and modify behavioral and social risks to a
woman’s health or pregnancy outcomes through prevention
and management [2]. If a woman is overweight or obese and
contemplating pregnancy, it is incumbent upon her provider
to counsel her about the potential complications of obesity
on pregnancy outcomes and the health of her offspring. Such
efforts can improve maternal health before pregnancy, reduce
infant mortality, and lower the risk of metabolic alterations or
fetal programming that can predispose to childhood obesity.
In this chapter, we summarize the key clinical and behavioral
components of counseling for obesity during the preconcep-
tion period. These components include (1) discussion of
maternal and fetal complications, (2) assessment of readiness
for behavioral change, (3) guidance on safe and effective life-
style modifications that can help women achieve weight loss
prior to pregnancy, and (4) provision of information on what
interventions may be necessary during pregnancy if she is
overweight or obese at the time of conception. Additionally,
this chapter provides insight on clinical conditions that com-
monly occur in the women who are overweight or obese at
the time of conception, including bariatric surgery, gesta-
tional diabetes mellitus, and hypertension. The impact of
obesity in polycystic ovarian syndrome and subfertility is also
discussed.

Potential Risks for the Overweight
or Obese Pregnant Woman

Women who are classified as obese (Table 3.1) are at
increased risk for maternal and fetal complications during
pregnancy [3]. Although statistics alone are not typically
enough to motivate individuals to achieve significant behav-
ioral change, it is important for women to receive accurate
and timely information during the preconception visit. In a
large prospective multicenter study, obese women were 2.5
times more likely than women with BMI under 30 to
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TaBLE 3.1 Institute of Medicine weight gain in pregnancy
guidelines

Rates of weight
BMI Recommended gain (2nd and 3rd

Prepregnancy (kg/ total weight gain trimester) (mean
BMI m?) range (Ib) range in Ib/week)
Underweight <185 28-40 1(1-3)
Normal weight ~ 18.5- 25-35 1(.8-1)

249
Overweight 25.0—- 15-25 0.6 (0.5-0.7)

29.9
Obese (includes >30.0 11-20 0.5 (0.4-0.6)

all classes)

From Rasmussen et al. [3]

develop gestational hypertension; morbidly obese women
were 3.2 times more likely [4, 5]. Obese and morbidly obese
women were also 1.6 and 3.3 times, respectively, more likely
to develop preeclampsia than their counterparts who were
of normal weight [S]. Obese women are also at increased
risk for gestational diabetes, and when obese women
develop gestational diabetes, they are at increased risk for
additional complications. For these reasons, women with
morbid obesity are among those considered high enough
risk to justify early screening for gestational diabetes (other
risk factors include strong family history of type 2 diabetes,
history of GDM, impaired glucose metabolism, or glucos-
uria) [6]. They should be screened as early as feasible and
should be repeated at 24-28 weeks if the first screen is nega-
tive. Obese women are also at increased risk of labor com-
plications, including macrosomia and cesarean delivery,
which require ongoing conservations with their clinicians
and shared decision-making in planning for labor and deliv-
ery (Chap.5).

Guidelines for Perinatal Care, issued by both the
American College of Obstetricians and Gynecologists


http://dx.doi.org/10.1007/978-1-4471-2831-1_5

Chapter 3. Preconception and Pregnancy Care 37

(ACOG) and the American Academy of Pediatrics (AAP),
recommends that all health encounters during a woman’s
reproductive years include counseling to improve future
pregnancy outcomes [7]. The Centers for Disease Control
and Prevention (CDC) recommends that all primary care
clinicians integrate preconception counseling into every
health-care encounter [8]. Given the fact that overweight
and obesity can have such negative impacts on the health of
a woman and her child, and understanding that about 50 %
of pregnancies in the USA are unplanned, preconception
care should occur during every visit with an overweight or
obese woman.

Approaching the Patient Who Is
Overweight or Obese

Because of the social stigma attached to overweight and
obesity, diagnosis and discussion may need to be handled
with greater tact than a discussion about hypertension, but it
does need to happen. Much research has focused on the
impact of using appropriate terminology when discussing
overweight and obesity with patients [9]. What appears to be
consistent is that women do not respond in a consistent way
to descriptors of their weight. Using terminology that
describes the impact of weight on health appears to be
acceptable to patients, and this approach may be the most
comfortable. In the end, however, as long as derogatory lan-
guage is not used, any discussion is better than ignoring the
topic altogether. Cultural competency must also play a role
in the discussion of weight with patients. Different cultures
have varying attitudes toward overweight, so the provider
may be making recommendations that are counter to a
patient’s perspective. Understanding the patient’s back-
ground, home environment, stressors, and socioeconomic
status is important before the provider embarks on recom-
mendations to change behavior.
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Clinical Assessment at the Health Visit

Body Mass Index
BMI (Table 3.1) [3] should be calculated at each health visit

and reviewed as a vital sign in the same fashion as blood pres-
sure is addressed. BMI is calculated as

Weight (kilograms)

Height (meters squared )

Electronic medical records can often be enabled to calculate
BMI automatically when height and weight are entered. A
standard workflow in which actual weight is measured at
each visit and BMI is calculated ensures providers have this
additional “vital sign.”

Waist Circumference and Waist to Hip Ratio

Because central or abdominal obesity is associated with car-
diovascular disease and death, waist circumference or waist
to hip ratio (WHR) can be another measure to include in a
preconception visit [9]. There are no specific prenatal guide-
lines related to these other measures of adiposity. However,
these measures can provide long-term guidance about the
risk of diabetes and cardiovascular disease.

Type 2 Diabetes and Lipid Screening

Screening for diabetes and dyslipidemia can be considered
for the overweight or obese woman. The diagnosis of type 2
diabetes is important for pregnancy care. Type 2 diabetes is
associated with a threefold increase in the prevalence of birth
defects, but this risk can be reduced with proper management
of diabetes before conception [10, 11]. Hemoglobin A1C
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levels should be in the lower range of normal (<6.1 %) prior
to conception [10]. If a woman is newly diagnosed during the
preconception visit, she will need a comprehensive medical
evaluation with a primary care clinician or endocrinologist
and referred for ophthalmic evaluation. A lipid panel would
be indicated if the diagnosis of diabetes is made and may also
been performed in the overweight or obese woman without
diabetes. While dyslipidemia may not change obstetrical
management, medications for lipid management are contra-
indicated in women who are attempting pregnancy, those
who are currently pregnant, and lactating women. Therefore,
obese women with abnormal lipids will need to be aware of
the contraindications of medical therapy during the precon-
ception and perinatal periods.

Folic Acid Supplementation

All reproductive-aged women are encouraged to take a 4 mcg
daily dose of folic acid before pregnancy and at least through
the first 4 weeks of pregnancy. Women who are obese have
been found to have an increased risk for neural tube defects
compared to women in a normal BMI range [12], but studies
have not clearly demonstrated that an increased dose of folic
acid would be appropriate for this population. At the very
least, educating the patient about this additional risk to her
offspring as a result of maternal obesity might offer additional
motivation to take the recommended dose of preconception
folic acid and to achieve a healthy weight before conception.

Screening for Obesity in Adults

The US Preventive Services Task Force (USPSTF) recom-
mends screening all adults for obesity and states that clini-
cians should offer or refer patients with a BMI of 30 mg/m?
or greater to intensive, multicomponent behavioral interven-
tions [13]. The American College of Preventive Medicine
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(ACPM) has also issued a practice statement about recom-
mended counseling for overweight adults. Like most other
organizations, the ACPM does not endorse any specific
behavioral therapy or pharmacotherapy, but instead recom-
mends individualized programs based on the available evi-
dence [14]. There are two components to successful behavioral
interventions. The first is to understand the relative effective-
ness of different programs and recommend the intervention
most likely to be successful for a given patient. The second is
to engage the patient in a manner that will most likely lead to
an activated patient who is likely to change her behavior.

Interventions for Lifestyle Modifications

Interventions for lifestyle modification have been shown time
and again to be successful in reaching clinically relevant out-
comes in diverse groups of women. For example, three large
randomized controlled clinical trials of primary prevention of
type 2 diabetes in three different countries have all demon-
strated that maintenance of 3-5 kg (7-10 Ib) of weight loss
through diet and physical activity reduced the incidence of
type 2 diabetes in high-risk individuals by 40-60 % over 3—4
years [15-17]. The largest study randomized over 3,000 patients
to control, use of metformin, or lifestyle intervention (achieve
and maintain 7 % or greater weight loss through a low-calorie,
low-fat diet and at least 150 min of moderate physical activity
per week) [17]. Over 3 years, the lifestyle intervention group
lost an average of 5.6 kg, and the incidence of diabetes was
reduced by 58 % [17]. While the outcomes in these studies
were focused on prevention of diabetes, they demonstrated
that lifestyle modification was indeed a worthwhile interven-
tion in high-risk women. In a systematic review, Powell et al.
reviewed and identified nine lifestyle modification trials. In the
successful trials, weekly interventions resulted in the greatest
weight reduction among participants, but after the initial inten-
sive phase, monthly or bimonthly contact appeared to main-
tain 60-80 % of the initial weight loss [18].

The evidence does demonstrate that lifestyle modification
works, but it is certainly not without significant challenges. It
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is important, therefore, to utilize tools that have been demon-
strated to facilitate behavioral change. Understanding mod-
els of behavior change and implementing patient activation
tools can help women’s health providers as they care for
overweight and obese women.

Models of Behavioral Change

Providers of women’s health care can apply social cognitive
theory (SCT) to behavioral change counseling. SCT has been
employed as the theoretical basis for a multitude of behav-
ioral interventions. It supposes that three factors—environ-
ment, person, and behavior—interact and a change in one
affects the other two [19]. A provider may be limited in the
ability to alter the patient’s physical or social environment,
but can make recommendations on how the patient can
modify her surroundings or with whom she interacts. The
“person” variables include behavioral capability (knowledge
and skills to engage in the behavior), outcomes expectancies,
observational learning, and perceived self-efficacy. Having
the patient set realistic weight loss goals can increase per-
ceived self-efficacy early on in the process. The transtheoreti-
cal model is the foundation of many of the behavioral
interventions used in clinical medicine, and it assumes that all
individuals transition through five stages of change in the
process of altering a behavior: precontemplation, contempla-
tion, preparation, action, and maintenance (Table 3.2) [20].
These models are important and useful, but successful behav-
ioral change also requires activated patients. Motivational
interviewing is one tool to achieve that goal.

Motivational Interviewing

The goal of motivational interviewing (MI), first described by
William Miller in 1983, is to use reflective listening and other
tools to allow the patient to move through stages of change
as described in the TTP [21]. The following are the key points
of motivational interviewing [22]:
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TABLE 3.2 Applying the transtheoretical model (TTM)

Stage of change

Description of
patient

Ways to assist patient

Precontemplation

Contemplation

Preparation

Action

Maintenance

No plans to change
behavior(s)

Does not believe
behavior leads
to adverse health
outcomes

May begin to
understand
relationship
between behavior
and adverse
consequences on
her health

Commits to
behavior change

Makes concrete,
actionable plans

Makes change in
lifestyle or acquires
healthy new
behaviors

Continues to
implement lifestyle
change

Works to prevent
relapse

Motivational interviewing
(can be used throughout)

Ask patient’s permission
to discuss behavior/issues

Ensure patient has
knowledge and skills to
change behavior

Address doubts in
self-efficacy

Encourage family/friend
involvement

Help her recognize
potential obstacles

Advise her that
relapses may occur

Provide encouragement

If relapse, identify
ways to reduce risk of
future relapse (avoid
unhealthy triggers)

Ongoing evaluation,
though less frequent

Provide encouragement

Demonstrate empathy

Modified from Prochaska and Velicer [20]

1. Motivation to change is elicited from the client.
2. Itis the patient’s task to articulate and resolve her ambiva-
lence about the behavior.
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3. Direct persuasion is not an effective method for resolving
the ambivalence.

4. The counseling style is quiet and eliciting.

5. The provider is directive in helping the patient examine
and resolve ambivalence.

6. Readiness to change is a fluctuating product of interper-
sonal interaction.

7. The therapeutic relationship is more like a partnership
than expert/recipient roles.

The key skills can be summarized by the OARS acronym:
(1) open-ended questions, (2) affirm, (3) reflect, and (4)
summarize.

In a meta-analysis of 72 RCTs, motivational interviewing
had a significant and clinically relevant effect in changing
behaviors in about 75 % of the studies [23]. MI has been shown
to be effective in studies of smoking cessation, unhealthy alco-
hol and drug use, and high-risk sexual behaviors [24]. It has
also been studied in overweight and obesity. In an observa-
tional study of 40 primary care physicians, examining 461 of
their provider-patient encounters, investigators found that use
of motivational interviewing techniques during recorded
patient visits was associated with statistically significant
increases in amount of weight lost 3 months after the encoun-
ter [25]. Such techniques included verbalizing an understand-
ing of the patient’s perspective, understanding motivation or
lack of motivation, helping patients to find their own solutions
and their own internal motivation to change, and assuring the
patient that he or she has freedom to change. Other behaviors
consistent with MI included praising, collaborating, and evok-
ing “change statements” from patients [25].

These studies are promising, but future studies evaluating
the use of motivational interviewing and other techniques
that actively engage patients are needed [26]. Training pro-
viders in the use of MI and other such patient activation
techniques and studying the effects via prospective random-
ized controlled trials can help determine if such provider
tools improve effectiveness of lifestyle modification counsel-
ing. ACOG has recommended that providers understand and
utilize MI with their patients in the appropriate clinical
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settings [27]. Not only is MI effective in certain scenarios but
it also is very likely to improve the patient-provider relation-
ship and provide useful insight into a patient’s successes and
obstacles related to behavioral change.

Providing Tools for Preconception
Weight Loss in Clinical Practice

Successful weight loss programs include setting of goals,
monitoring, modification of the environment, cognitive
restructuring, and setting plans to avoid relapse [28]. Referring
the patient for individual or small group behavioral treat-
ment may be helpful to enforce the behavioral modification
[29]. Modification of lifestyle typically includes change in diet
and increase in physical activity. The basic principle of weight
loss is that energy intake must be less than energy expendi-
ture. Overall, consumption of approximately 500 fewer kcal
per day will allow loss of about 1 1b (0.45 kg) per week.
Weight loss goals need to be realistic, and the means by which
a patient is planning on reaching those goals need to be fea-
sible. Loss of 5-10 % of current body weight (or 2 BMI units)
over 6 months is a reasonable goal. Involvement of a dietician
has been shown to facilitate weight loss in the office setting,
supporting the notion of the importance of knowledge and
tools for any behavioral change [30]. Dietary counseling is
time-consuming if done well, and obstetrics providers may
not have the time in a preconception visit to do a thorough
assessment of a patient’s food intake and make effective rec-
ommendations. The provider’s main goal in preconception
counseling should be to help identify realistic goals for the
patient and provide a referral to a dietician to work through
the details necessary to realize those goals. Another option
that would likely ease the burden on the patient would be to
provide nutritional guidance within the office setting. Having
personnel on staff who fully realize the importance of a mul-
tidisciplinary approach to health and diet can lead to greater
success for patients.
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Low-fat diets traditionally restrict dietary fat intake to less
than 30 % of total calories, and very-low-fat diets restrict to
less than 15 % of total calories from fat. Weight loss does
occur with low-fat diets, but very-low-fat diets may be diffi-
cult to maintain. In most studies, low-carbohydrate diets have
demonstrated more weight loss than low-fat diets, at least in
the first 12 months [29]. One potential side effect may be an
increase in LDL cholesterol, which in the population of over-
weight or obese patients could be detrimental in the long run.
Other commercial diets are also popular. Two recent random-
ized controlled trials comparing several different commercial
diets found similar weight loss within the first 6-12 months in
all diets [31, 32].

A large meta-analysis demonstrated that increases in
physical activity combined with caloric restriction result in
greater weight reduction and fat mass versus lean mass bal-
ance than either alone [33]. Physical activity in particular does
rely heavily on environmental factors. Many women, with one
or more jobs, children, and other life stressors, will find it chal-
lenging to fit in physical activity. Furthermore, many women
live in areas where it may not be safe to exercise outside and
may not have access to other exercise options. Again, motiva-
tional interviewing may be beneficial in identifying the barri-
ers to increased physical activity and some of the patient’s
own feelings about exercise. Without identifying and address-
ing both personal and environmental factors that are playing
a role in a sedentary lifestyle, the provider will not be able to
adequately promote behavior change.

Depending on a woman’s readiness for change, the pro-
vider may want to recommend delaying pregnancy until the
woman can achieve a healthy weight. If she is not using effec-
tive contraception, the provider should recommend contra-
ceptive options that will not make weight loss more difficult
and that are easily reversible when pregnancy is desired. One
type of contraception that may be less desirable is depot
medroxyprogesterone acetate (DMPA) which could result in
weight gain and may result in longer time to ovulation when
conception is desired. Pharmaceutical management of obesity
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is outside the scope of this chapter, but lifestyle modification
is also critical to the success of patients who are undergoing
such treatment.

Bariatric Surgery

Bariatric surgery may be recommended for women with BMI
of 40 kg/m? and above or for women with BMI over 35 kg/m?
when comorbidities (such as diabetes, coronary artery dis-
ease, or severe sleep apnea) are present [34]. In general,
women who undergo bariatric surgery demonstrate improve-
ment in measures related to medical comorbidities as well as
quality of life. Providers should counsel patients to avoid
pregnancy for at least 12-18 months after surgery, and if con-
ception should occur, pregnancy should be monitored more
closely for potential complications. Patients should take vita-
min B12, at least 400 pg/day of folic acid, and iron supplemen-
tation. Patients should be monitored for bowel obstruction,
stricture, and nutritional deficiencies.

A systematic review of cohort studies evaluating the effect of
bariatric surgery on pregnancy outcomes concluded that rates of
adverse maternal and neonatal outcomes may be lower in obese
women who have undergone bariatric surgery before concep-
tion [35]. A recent retrospective study showed a decreased risk
in gestational diabetes in women who underwent bariatric sur-
gery as compared with obese and morbidly obese controls who
did not have bariatric surgery, but there was also a 17.4 % rate
of small for gestational age (SGA) infants in the surgery group
as compared to the control group (5.0 %) [36].

Providing Guidance for Weight Gain
During Pregnancy

The ideal time for all of the above interventions is before
pregnancy. However, if an overweight or obese patient
presents in early pregnancy, most of the aforementioned
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recommendations are still appropriate [37, 38]. In addition,
gestational weight gain (GWG) needs to be discussed at the
first prenatal visit. In 2009, the IOM released its revised rec-
ommendations for gestational weight gain lowering the total
weight gain recommended for women who are classified as
obese at the time of conception (Table 3.1) [3, 39]. These
weight gain recommendations are applicable to adult and
adolescent mothers. Providers should discuss the GWG rec-
ommendations at length with patients, and GWG should be
assessed at each visit. For women of short stature (<157 cm),
the recommendation is to maintain the GWG at the lower
end of what is recommended for prepregnancy BMI [40-43].

The American Congress of Obstetricians and Gynecologists
has outlined recommended practices when managing preg-
nancy in a woman who is overweight or obese [3, 44]. First,
similar to caring for women during preconception, it is critical
to treat BMI as a vital sign in the newly gravid woman. The
provider should clearly convey the diagnosis and show her the
BMI value on a BMI chart. The provider should explain the
risks associated with being obese in pregnancy and recommend
a specific range of GWG based on IOM recommendations [5].
Finally the provider should discuss physical activity and diet
during pregnancy. Although small studies examining effects of
exercise on pregnancy outcomes have reported inconsistent
findings, ACOG recommends 30 min or more of moderate
exercise on most days of the week for pregnant women [45-
49]. Using the same techniques described above, it is impor-
tant to identify the patient’s readiness to change and use her
current situation to help motivate her. The provider should
give detailed information about resources available, including
nutrition counseling, exercise-related materials, and how to
access those resources. Some additional ideas to implement in
practice that may help make weight loss more feasible for
patients include providing patients with a pedometer, partner-
ing with a local gym to provide discounts, or utilizing other
community resources. Actual weight should be documented at
each prenatal visit and appropriate feedback provided to the
patient based on recommended GWG.
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Lifestyle modification during pregnancy has not been stud-
ied quite as extensively as in the nongravid woman. Two recent
systematic reviews assessing the evidence found no statistically
significant difference in maternal or neonatal outcomes between
women randomized to antenatal lifestyle intervention and
those who received usual care [46, 47]. However, many of the
included studies were limited by sample size, unclear random-
ization procedures, and attrition.

Research Gaps and the Next Generation
of Research

Gaps in clinical practice for preconception care were out-
lined clearly in the CDC/ATSDR Preconception Care Work
Group in 2006 [5]. The recommendations made at that time
remain timely and relevant to current practice: (1) Individual
responsibility across the lifespan: each woman, man, and
couple should be encouraged to have a reproductive life plan;
(2) Consumer awareness: increase public awareness of the
importance of preconception health behaviors and precon-
ception care services; (3) Preventive visits: risk assessment
and educational and health promotion counseling should be
part of every primary care visit for women of childbearing
age to improve pregnancy outcomes; and (4) Interventions
for identified risks: increase the proportion of women who
receive interventions, in particular those with evidence of
effectiveness.

The fourth recommendation captures the highest priority
research gap for preconception care of the overweight and
obese woman. There is limited evidence to guide providers
and public health officials to the most effective interventions
for weight loss in overweight and obese women who are con-
sidering pregnancy. Clinical trials of lifestyle interventions
that target women considering pregnancy are critical to
improving the long-term health of women regardless of their
preferences or plans for childbearing [50, 51].
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Conclusion

Our ability to confidently provide guidance on appropriate
preconception interventions for overweight or obese women
is limited by few clinical trials focusing on this particularly
important time frame in the life of reproductive age women.
Providers and public health officials should take advantage
of the preconception period, which is an important teachable
moment in the life of women.
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Abstract Overweight and obesity are risk factors for several
labor and postpartum complications, including macrosomia,
shoulder dystocia, and cesarean delivery. Anesthesia and
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research has provided new insights on how to reduce com-
plications in these two areas. Providers can use currently
available evidence to counsel patients, and this conversation
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effective methods of delivery and postpartum care for over-
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Key Points

e Overweight and obesity increase the risk of maternal
and newborn complications during labor, delivery,
and the immediate postpartum period.

e Shared decision making acknowledges that a wom-
an’s values and preferences will influence her deci-
sions for care during labor and assist in assessing the
balance of benefits and harms of treatment
decisions.

e Labor patterns in overweight and obese women dif-
fer from patterns in normal-weight women and may
account for the higher incidence of cesarean delivery
in overweight and obese women.

e Overweight and obese women are at increased risk
for anesthetic complications, but adequate anesthe-
sia is critical during labor, given the increased chance
of cesarean delivery.

e Cesarean delivery in the obese parturient can pose
unique surgical challenges for the obstetrician, but
some preventive measures have been shown to help
reduce complications.

Introduction

Overweight and obese women face a number of potential
complications in labor that are directly or, in some cases,
indirectly related to their weight. Studies have demon-
strated that not only are there more adverse outcomes in
overweight and obese women but that the risks increase
proportionately with extent of overweight [1]. When con-
sidering the entire population of overweight and obese
women, potential complications can include an increased
risk of preeclampsia, gestational diabetes, large for gesta-
tional age (LGA) or macrosomic infants, antepartum still-
birth, instrumental delivery, shoulder dystocia, cesarean



Chapter 4. Shared Decision Making 55

delivery, intraoperative and postoperative complications,
difficulty with anesthesia, meconium aspiration, fetal dis-
tress, and early neonatal death [1-4].

Information about these risks is best shared with
reproductive-aged women during preconception counseling
appointments. If an overweight or obese woman conceives,
the next intervention opportunity is during her prenatal care,
preferably during the first trimester. However, as seen in the
previous chapter, antenatal interventions to limit gestational
weight gain within the recommended range are often chal-
lenging to implement. Even if the patient does not gain exces-
sive weight during pregnancy, it appears many of the
complications are associated with prepregnancy weight. That
leaves the obstetric provider with the complex task of manag-
ing labor and delivery in a patient who is vulnerable to a
number of complications. As will become clear, the evidence
demonstrates that there is not a straightforward algorithm
for labor management in overweight or obese patients. A
decision to avoid one set of potential complications leads to
the possibility of a host of others.

Shared decision making is an approach that is being used
increasingly in many areas of clinical medicine, in particular,
for complex decisions about screening or treatment options.
One goal of shared decision making is to provide the patient
with the information and tools to help her understand the
state of the evidence related to the topic. Even more impor-
tantly, this approach acknowledges that a patient’s values and
preferences will impact her decisions during her pregnancy,
especially when risks and benefits are such that significant
uncertainty about outcomes remains.

Because of the twenty-first-century nature of this problem,
the medical literature is not replete with prospective studies
on management of labor and delivery in the obese patient.
But the obesity epidemic is not going away. And until high-
quality prospective studies help inform appropriate prenatal
or intrapartum interventions, management will rely primarily
on available evidence from observational studies, which are
unfortunately limited in scope.
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Risks of Labor Complications

Overweight and obese women, even those who have normal
glucose tolerance, have an increased risk of delivering an
infant that is macrosomic [4]. This introduces a number of
potential complications during labor and delivery including
increased incidence of cesarean or instrumental delivery and
increased risk of shoulder dystocia, perineal lacerations (in
particular, third- and fourth-degree lacerations), and postpar-
tum hemorrhage.

What is the risk of macrosomia in overweight or obese
women? In a prospective, multicenter database study of
16,102 patients, the incidence of macrosomia (as defined as
birth weight over 4,000 g) was 14.6 % in morbidly obese
women and 13.3 % in obese women as compared to 8.3 % in
women with BMI less than 30 kg/m? [4]. Teasing out the inde-
pendent risk of obesity versus gestational diabetes, which is
more likely in obese women, can be a challenge, but has been
attempted. The risk of a macrosomic or large for gestational
age (LGA) infant (newborn weight greater than the 90th per-
centile for gestational age at the institution where the study
was performed) was higher in women with pregestational
diabetes (OR 4.4), but the risk in nondiabetic obese women
was still significant (OR 1.6) in multivariate analysis [5]. In
another study of nondiabetic women, prepregnancy weight
had the strongest correlation with neonatal fat and body fat
percentage in the infant, regardless of glucose tolerance [6].
Based on these and several other studies, it does appear that
obesity is independently associated with macrosomia.

Obese women also have a higher risk of shoulder dystocia
and birth trauma than normal-weight women, but, again,
whether obesity is an independent predictor of shoulder dys-
tocia has been debated. In one study of 9,667 vaginal deliver-
ies, obese women still had a 2.7-fold risk of shoulder dystocia,
even after adjustment for macrosomia and diabetes [7]. The
most significant risk factors for shoulder dystocia were, how-
ever, noted to be macrosomia and diabetes. Cedergren et al.
also demonstrated that obesity was an independent risk fac-
tor for shoulder dystocia [1].
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Since a study over 25 years ago, many have held that a cer-
tain threshold of estimated fetal weight provides sufficient
support to perform an elective cesarean delivery [8]. In that
study by Spellacy et al., women with macrosomic infants (over
4,500 g) were more likely to have cesarean delivery, and the
infants had more birth trauma and shoulder dystocia, lower
Apgar scores, and higher death rates [8]. In the group with the
triad of obesity, diabetes, and postdates, the macrosomia fre-
quency was 5-14 %. Shoulder dystocia occurred significantly
more frequently in patients with fetal weight of 4,500-4,999 g
(7.3 %) and those over 5,000 g (14.6 %). In that paper, the
authors recommended that “women at risk should be screened
for macrosomic infants, and if found, they should be delivered
electively by cesarean section” [8]. A second study by Lipscomb
and colleagues demonstrated an 18.5 % incidence of shoulder
dystocia in macrosomic (4,500 g) vaginal deliveries, and women
with diabetes had a significantly higher incidence (50 %) than
nondiabetic women (13.3 %) [9]. Based primarily on this evi-
dence,the American College of Obstetricians and Gynecologists
(ACOG) has recommended that cesarean delivery be consid-
ered for pregnancies without diabetes but with a fetus with an
estimated fetal weight greater than 5,000 g. Women with gesta-
tional diabetes and an estimated fetal weight of >4,500 g should
also discuss cesarean delivery with their providers [10].

This recommendation is complicated by the fact that esti-
mating fetal weight in general is a difficult task. Ultrasound is
the primary modality to estimate fetal weight, but concerns
about using ultrasound to estimate fetal weight arose partly
because of studies that showed decreased visualization of
fetal structures in obese women. In one study, in patients with
BMI in the 97.5th percentile (BMI of 49.4 kg/m?), only 63 %
of anatomic structures were visualized [11]. Visualization was
slightly better (79.3 %) in women with BMI above 90th per-
centile (BMI of 36.21 kg/m?) but was still significantly worse
than that in normal-weight women and that in women with
BMI less than the 10th percentile. In the thinnest women,
90.2 % of the anatomic structures could be visualized [11].

However, in a more recent study, the accuracy of clinical
estimation of fetal weight was evaluated across BMI categories
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[12]. The sensitivity and specificity were 9.7 and 96.6 % for
predicting neonatal birth weight greater than the 90th percen-
tile and were not affected by maternal BMI. It would appear
that using ultrasound to estimate fetal weight in overweight
and obese women can be supported by current evidence, but
providers and patients need to understand the risks in making
decisions based on estimated fetal weight.

Delivery decisions in the setting of suspected macrosomia
can be among the most complex that will be made in the pre-
natal period. The counseling should occur during the prenatal
period, with adequate time to answer questions and allow for
the patient to make an informed decision with which she is
comfortable. Decision tools are now available that outline
questions for the patient to ask herself and her provider
regarding the options when complex decisions are to be made.
Management of suspected macrosomia is one such situation
where providing the patient with such tools could be helpful.
For example, induction of labor is not indicated for macroso-
mia, but patients may come to prenatal appointments request-
ing induction. Extensive counseling with an informed patient
(i.e., one who has received relevant evidence-based informa-
tion beforehand) is also recommended before making a deci-
sion about performing an elective cesarean delivery in the
setting of suspected macrosomia. This discussion should not
be delayed until the patient is in labor.

Walking a patient through the uncertainty that exists for
these decisions and understanding her values and prefer-
ences optimizes the decision-making process. She needs to
know that some cesarean deliveries will be performed need-
lessly and vaginal delivery may still result in shoulder dysto-
cia. Furthermore, there is currently no evidence-based
recommendation for elective cesarean delivery specifically
for obese women.

Labor Management

Management of labor in the overweight or obese patient
needs to be undertaken with a great deal of preparation. One
author recommends that obstetric units that care for extremely
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obese pregnant patients develop a “bariatric protocol” and
ensure appropriate beds, intraoperative equipment, and sup-
plies are available [13]. ACOG also recommends specific
resources, including additional blood products, a large operat-
ing table, and enough personnel to assist with the potential
complications that may ensue [2]. Given the current obesity
epidemic, it is prudent for most obstetric wards to have such a
protocol. Table 4.1 provides a reasonable checklist, compiled
from several sources, for a labor and delivery suite where
obese patients may deliver. This checklist can be modified,

TaBLE 4.1 Checklist for equipment to support obese pregnant
patients [2, 13, 14]

Bariatric bed (600-1,000 Ib capacity; 42-54 in width), with frame

and trapeze for mobility

Chairs in room without sides
Bariatric operating table (600-1,000 1b capacity)
Larger belt or straps for securing legs to table
Toilet capable of accommodating 500+ pounds
Inflatable mattress
Extra-wide wheelchairs (400-700 1b capacity; 20-30 in width)
Extra-large inflatable sequential pneumatic compression devices
Bariatric surgical tray (for BMI >40 kg/m?)
Extra-long surgical instruments
Bookwalter self-retaining retractor
Long clamps
Appropriate size blood pressure cuff (or thigh cuff)

Ability to achieved central venous access if peripheral IV not
feasible

Ability to place arterial line
Access to blood products (blood typed and crossed for transfusion)

Appropriate gown sizes

Extra personnel in delivery room
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depending on the practice environment and patient popula-
tion. For example, accommodating the extremely obese
patient can pose additional challenges. Some of the issues
related to this population are discussed later in the chapter.

Labor in obese women has been shown to vary from that
of normal-weight women, so standard provider expectations
for cervical dilation and the threshold for cesarean delivery
may need to be adjusted. In one observational study of 509
nulliparous patients, the rate of cervical dilation was inversely
proportional to maternal weight [15]. In another study of nul-
liparous women, duration of labor was significantly longer for
overweight and obese women than for normal-weight women,
even when adjusting for other potential confounders, such as
induction, oxytocin use, epidural analgesia, maternal weight
gain, and fetal size [16]. In that study, the median duration of
labor from 4 to 10 cm was 7.9 h for obese women, 7.5 h for
overweight women, and 6.2 h for normal-weight women [16].
The etiology of the longer labor is not clear but does not
appear to be the strength of uterine contractions. When intra-
uterine pressure was measured in 71 women during the sec-
ond stage of labor, there was no difference in uterine
contractility between three groups of women (normal, over-
weight, and obese women), although obese women labored
longer during the active phase and a BMI greater than 25 kg/
m? was associated with a higher frequency of the need for
oxytocin augmentation [17]. Future studies should examine
reasons for the difference in labor patterns between women
of different weight classifications. One hypothesis relates to
increased soft tissue deposits in the pelvis of obese women,
but this has not been demonstrated.

For practical purposes, however, clinicians need to under-
stand that labor patterns may be dissimilar in overweight and
obese women and thresholds for interventions (or lack of
interventions) may need to be adjusted accordingly. An indi-
vidualized approach to the overweight and obese parturient
may result in fewer cesarean deliveries and the complications
that might result. Additional challenges that may be encoun-
tered when an overweight or obese patient is laboring,
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include difficulty in monitoring the fetus and the contrac-
tions. A fetal scalp electrode and intrauterine pressure cath-
eter may be needed to help guide labor management,
especially in a patient with other complications during labor.
Cardiovascular issues are also more common in obese
women, and more intensive monitoring may be required than
with normal-weight women.

Induction of Labor

With an increase in rates of labor induction for both medical
and nonmedical indications, the risk-benefit ratio of induc-
tion specifically found in the overweight and obese popula-
tion must be examined. The concepts of shared decision
making discussed above are also applicable here. In situa-
tions where a medical indication exists for induction of labor,
the benefits likely exceed the risks. However, elective induc-
tion of labor should not be undertaken without a candid dis-
cussion with the patient about risks and benefits, in a way she
understands.

In a secondary analysis of a study in which women ran-
domly received cervical ripening with 10 mg dinoprostone, 50
pg misoprostol, or 100 pg misoprostol, the median dose and
duration of oxytocin required before delivery (3.5 units and
7.7 h) were significantly greater in obese women and
extremely obese women (5.0 units and 8.5 h) as compared to
the dose and duration (2.6 units and 6.5 h) in “lean” women
(BMI less than 30 kg/m?) [18]. Furthermore, median time to
delivery (27.0 h) was significantly longer in the extremely
obese group (BMI over 40 kg/m?) than the “lean” group
(22.7 h) [18].

The relationship is not clear-cut, however. In another ret-
rospective cohort study of 29,224 women with prolonged
pregnancy (defined as 41 and 3/7 weeks’ gestation or longer),
there was no association of in length of labor, incidence of
postpartum hemorrhage, shoulder dystocia, and neonatal out-
comes with weight [19]. Obese women did have a significantly
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higher rate of cesarean delivery. For women undergoing their
first delivery, the cesarean delivery rate was 38.7 % in obese
women versus 23.8 % in normal-weight women. Future stud-
ies should also continue to examine labor patterns in over-
weight and obese women and how they differ from
normal-weight women, so that abnormal labor can be better
characterized and recommendations made for management
of labor. Until then, providers should help the patient under-
stand the evidence that exists and help her make an informed
decision about undertaking elective induction of labor.

Cesarean Delivery

Given the growing epidemic of obesity and the increasing
cesarean delivery rate, it is important to understand the rela-
tionship between obesity and risk of cesarean delivery. Both
obesity and cesarean deliveries impact the public health. In a
systematic review of 11 cohort studies specifically focused on
nulliparous patients, the risk of cesarean delivery was
increased by 50 % in women with BMI between 25 and 30 kg/
m?, and the risk in women with BMI over 30 kg/m? was more
than twice that in women with normal BMI [3]. Although not
included in that systematic review, a large population-based
study reflected the findings from the review: in the popula-
tion of nulliparous patients, the rate of cesarean delivery was
20.7 % for the normal BMI group, 33.8 % in the obese group,
and 47.4 % for morbidly obese patients (>35 kg/m?) [4]. In
another prospective, population-based cohort study, 3,480
women with body mass index (BMI) over 40 kg/m? had an
increased risk of cesarean delivery, and women with BMI
between 35.1 and 40 kg/m? also demonstrated similar associa-
tions, but to a slightly lesser extent [1].

With the rapidly increasing numbers of obese and mor-
bidly obese women, another population is growing in size, the
extremely obese women (BMI >50 kg/m?). In a retrospective
cohort study of 64,272 obese women, extremely obese women
were found to have a number of worse outcomes, including
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higher risk of preeclampsia, macrosomia, cesarean delivery,
neonatal hypoglycemia, neonatal length of stay greater than
5 days, and worse composite neonatal score [20]. Interestingly,
in this population, 49.1 % of extremely obese women deliv-
ered by cesarean delivery (33.8 % of the extremely obese
women had scheduled primary cesarean). The indications for
the scheduled primary cesarean sections were not clear from
this study, and the authors recommended further study to
evaluate reasons for such high rates of elective cesarean
delivery.

Anesthesia

Providers caring for overweight and obese women need to
address potential anesthetic concerns, preferably before
labor ensues. It should be standard practice to obtain an anes-
thetic consultation before planned cesarean section in an
obese woman, and it is highly recommended in all obese
women during the prenatal period, even if cesarean delivery
is not scheduled. This is to account both for pain management
during labor as well as to evaluate the patient to prepare for
a possible difficult airway in the event of the need for general
anesthesia.

In general, regional anesthesia is recommended for the
overweight or obese patient in labor or for cesarean delivery.
The identification of the epidural space in pregnant women,
and particularly in overweight and obese women, can be
extremely difficult. Even in the most controlled circumstance,
for example in preparation for a scheduled cesarean delivery,
complications are a possibility. In a cohort study of women
undergoing elective scheduled cesarean delivery, women with
BMI 50 kg/m? or greater were most likely to have complica-
tions: 4 % had insufficient duration, 6 % required general
anesthesia, and 3 % demonstrated intraoperative hypoten-
sion [21]. Overall anesthetic complications were 8.4 % in the
extremely obese population as compared to 0 % in the nor-
mal-weight women [21]. It is important to counsel patients
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that such complications can also occur in a controlled, non-
emergent situation, such as for an elective cesarean delivery.
Decisions to perform elective procedures should not be made
lightly.

Although not specifically focused on obese women, stud-
ies by Grau on the use of ultrasound to assist in skin-epidural
space detection may be of utility in patients with difficult
landmarks [22]. In one randomized controlled study of 300
parturients, women in the study group (who underwent ultra-
sonography for the identification of intervertebral structures
and to determine depth and angle for placement of Tuohy
needle) had fewer puncture attempts and were more likely
to have complete analgesia and lower VAS (visual analog
scale) pain score than those in the control group (typical
placement without ultrasound). Ultrasound added 75 s to the
mean preparation time. The rate of side effects (also includ-
ing postpartum headache and backache) was lower, and
patient acceptance was higher in the study group [22].

Ultrasound guidance is not without risk, as measurements
may differ by millimeters between the image and actual
depth. Anesthetic providers should still use standard proce-
dures (e.g., loss of resistance (LOR) technique) to assist in
placement of the epidural catheter. Obstetric providers may
wish to discuss the option of ultrasound-guided epidural
placement with anesthesia colleagues, especially for care of
overweight and obese patients in their practices.

Regardless of the method used, discussing the benefits of
epidural placement early in labor is worthwhile. Given the
significantly increased risks of general anesthesia, such as dif-
ficult endotracheal intubation and intraoperative respiratory
events, it is highly recommended that regional anesthesia is
performed in a controlled setting without time pressures [2].
An obese patient without an epidural who requires an emer-
gency cesarean delivery will likely require general anesthesia,
resulting in potential further morbidity. Combined spinal-
epidural is an ideal solution in an obese patient in labor, or
spinal alone can be considered for the patient preparing for
cesarean delivery.
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Surgical Issues

Overweight and obese women may have an increased risk of
intrapartum and postpartum hemorrhage, longer operative
times, thromboembolic complications, postpartum endome-
tritis, and wound infection [2]. Obese women undergoing
cesarean delivery, whether elective, indicated, or emergency,
are at increased risk for infectious complications [23]. Obese
patients in one study were more likely to develop endomyo-
metritis and wound infection, even if they received prophy-
lactic antibiotics [23]. BMI and maternal obesity, in addition
to length of labor and number of digital cervical examina-
tions, remained significantly associated with infectious mor-
bidity, even after multivariate analysis [23]. Based on their
data, the authors recommend providers attempt to shorten
labor to less than10 h and perform fewer than four digital
exams in obese and overweight women to reduce risk of
infection.

A broad-spectrum antibiotic, such as a first-generation
cephalosporin, should be administered within 60 min preced-
ing the skin incision. One consideration in extremely obese
women is whether there is adequate tissue penetration. There
have been no adequate studies in pregnant women to deter-
mine the correct dosing for overweight or obese women, but
a recent study estimating the adequacy of antimicrobial activ-
ity of preoperative antibiotics found that cefazolin concentra-
tions within adipose tissue obtained at skin incision were
inversely proportional to maternal BMI [24]. Furthermore, in
this study of women undergoing scheduled cesarean delivery
who received 2 g of cefazolin at least 30 min before skin inci-
sion, a significant proportion of obese and extremely obese
women did not have minimal inhibitory concentrations in
adipose tissue when sampled at opening and closing of the
incision [24]. Common practice is to administer 2 g of cefazo-
lin in obese women (e.g., when BMI is >30 kg/m?) [2]. More
studies are clearly needed to determine adequate dosing of
antibiotics or the utility of adding a second antibiotic in this
high-risk population.



66 C.T. Witkop

Performing a cesarean delivery on an obese woman
requires a clear understanding of anatomic relationships and
a skilled surgeon to reduce operative complications. Obese
women will often have a significant panniculus that needs to
be taken into account in order to effectively deliver the infant
in a safe and expeditious manner. Furthermore, obese women
who undergo cesarean delivery are more likely than their
normal-weight counterparts to have increased likelihood of
wound breakdown and infection. There are differing opinions
about the benefits of vertical versus horizontal skin incision,
but there have been no prospective randomized trials to
guide surgeons in this decision. The traditionally stated disad-
vantage to Pfannenstiel is reduced exposure and potentially
more difficulty in delivering a macrosomic infant and diffi-
culty in managing wound breakdown or infection after
Pfannenstiel incision.

Several retrospective studies have attempted to answer this
question. The incidence of wound complications was 12 % in
one retrospective study, and the incidence of wound complica-
tions was greater (35 % vs. 9 %) in women with vertical skin
incisions [25]. In another smaller case—control study, however,
there were no differences in infections or other complications
between women undergoing supraumbilical versus
Pfannenstiel incisions [26]. In a large multicenter cohort study
that examined only emergency cesarean deliveries (2,498
women in all), a vertical incision was found to reduce delivery
incision-to-delivery interval by 1 min for primary and by
2 min for repeat cesarean but was associated with more fre-
quent endometritis and postpartum transfusion [27].

Based on the evidence that is available, Pfannenstiel inci-
sion can be recommended in most cases, and an incision in
the lower abdomen below the panniculus appears to be the
ideal approach [29]. The panniculus needs to be retracted
cephalad and held in place to ensure visualization, but close
attention must be paid to ensure this does not cause respira-
tory compromise [13]. The other option is to make a higher
transverse periumbilical (either supra- or infraumbilically,
depending on the body habitus) incision above the pannicu-
lus which can be retracted inferiorly if needed. This approach
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has the advantage of creating the incision where there is the
least amount of subcutaneous adipose tissue [25, 27].
Regardless of the approach, a vacuum extractor should be
available in the room in the event of difficult delivery of the
vertex in an obese woman with limited visualization.

Studies have also focused on closure techniques that could
reduce postoperative complications such as wound dehiscence
and infection. Closure of the fascia should follow routine
procedures, using no. 1 or no. 2 delayed monofilament suture
[e.g., polydioxanone (PDS)]. Some experts recommend a
Smead-Jones “mass” closure if a vertical incision has been
made [13]. The use of a subcutaneous stitch has been more
controversial but can be recommended based on a meta-
analysis of six studies on this topic that showed there was a
significant decrease in wound disruption (which seems to be
as a result of decrease in wound seromas) [28, 30]. Moreover,
in women with subcutaneous adipose tissue thickness of
greater than 2 cm, there was a 34 % (RR 0.66) (risk reduction
of 6.2 %) decrease in risk of wound disruption in women [28,
30]. There are no known risks to placing a subcutaneous
stitch, other than prolonging operating time, and therefore
should be considered in overweight and obese women. The
placement of drains has been similarly studied. Research has
not demonstrated a clear advantage to using a drain to
reduce infectious morbidity [30, 31], nor have studies ade-
quately demonstrated any significant risks with the place-
ment of such a drain. This decision should be left up to the
surgeon, although there is not clear evidence indicating its
use.

Postoperative and Postpartum Complications

Overweight and obese women are at increased risk for throm-
boembolic complications. As a result, consideration should be
given to preventive measures, especially in women who have
undergone a surgical procedure that will reduce postpartum
ambulation. Options include pharmacologic interventions
and physical measures such as compression stockings and
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intermittent pneumatic compression. Given the increased
risk of venous thromboembolism in this population, all over-
weight or obese women should have pneumatic compression
devices placed before surgery (unless already receiving phar-
macologic prophylaxis) [2]. The more difficult question is:
when to use pharmaceutical thromboprophylaxis? A system-
atic review of 13 trials, involving 1,774 women, examined a
range of methods of thromboprophylaxis in pregnant women
[31, 32]. Unfortunately, the authors concluded that there is
insufficient evidence on which to base recommendations. A
2006 consensus panel of experts also reviewed the evidence
and determined that, although obese women have a higher
incidence of complications in pregnancy, the evidence cannot
currently support prescribing heparin or low-dose aspirin to
high-risk obese patients who have not had a venous throm-
boembolism [32, 33]. The panel did suggest that, because
multiple studies have demonstrated a possible impact on
prothrombotic risk, providers may consider screening obese
women for common thrombophilic mutations [32, 33]. There
are currently no data supporting this practice. However, pro-
viders should keep in mind that obese women are at increased
risk and this association might tip the balance toward throm-
boprophylaxis, especially when another risk factor is present.

It is critical to remember that dosing of thromboprophy-
lactic medications (and also when used for therapeutic pur-
poses) is impacted by weight. Therefore, for appropriate care
of overweight and obese patients who require thrombopro-
phylaxis for other indications, providers need to be familiar
with weight-based dosing of these medications.

Vaginal Birth After Cesarean (VBAC)

With cesarean deliveries making up 32.8 % of all deliveries in
the USA, the issue of delivery management in obese women
with previous cesarean delivery is one of great public health
importance [33, 34]. Complications of both vaginal delivery
and cesarean delivery are higher in overweight and obese
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women than in normal-weight women, so deciding on the
appropriate mode of delivery can be a challenge. Providers
have a vital role in educating patients about the risks and
benefits of each route and assisting patients in their decisions.
In a prospective observational study of obese women (defined
as over 300 1b) with history of cesarean delivery, the success
rate of vaginal birth after cesarean (VBAC) among the 30
women who underwent trial of labor (TOL) was 13 % (due
to arrest of labor, “fetal distress,” and failed induction) as
compared to the overall rate of TOL success of 65 % in the
institution where the study was conducted [34, 35].
Furthermore, endometritis rates were higher in the trial of
labor group [34, 35]. In a subsequent, retrospective study of
VBAC success by weight class, examining data in the same
institution, the TOL success rate was only 13.3 % in the
heaviest women (over 300 Ib), which was significantly differ-
ent from the 81.8 % success rate in the group of women who
were less than 200 1b at delivery [35, 36]. Infectious morbidity
(including both endometritis and wound infection) was also
significantly more common in the group of women over
300 Ib. These studies, however, may not be representative of
the overall population. In larger, prospective, multicenter
study, the VBAC rates were higher, 70 %, but still lower than
that in nonobese women, in whom 85 % were successful [36,
37]. And in women with BMI of 40 kg/m? or higher, success
was only 61 %. Furthermore, the investigators noted higher
rates of uterine scar dehiscence, composite morbidity, and
neonatal injury rates in the obese and morbidly obese women
[36,37]. In a study of extremely obese women, there were no
differences in VBAC success rate between different obesity
groups, although the success rates were low in all groups [20].

While these statistics might sway some to recommend
repeat cesarean delivery over attempted VBAC, the surgical
risks in overweight and obese women discussed earlier need
to be considered. In a facility with adequate support, a trial of
labor can certainly be attempted and should be considered.
Again, adequate counseling during the prenatal period, not
when the patient presents in labor, is ideal.
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Special Considerations

As has been mentioned throughout this chapter, gestational
diabetes mellitus (GDM) poses additional risk for the over-
weight and obese patient. Accurate diagnosis in this popula-
tion is particularly important, given the implications for the
fetus as well as for management of labor and delivery. In the
recent Hyperglycemia and Adverse Pregnancy Outcome
(HAPO) study, risk of birth weight over the 90th percentile
was significantly increased when both GDM and obesity
were present (OR 3.62) as compared to GDM alone (OR
2.19) or obesity alone (OR 1.73) [37, 38]. And although obe-
sity alone is a risk factor for preeclampsia, GDM in addition
to obesity was associated with an even greater risk of pre-
eclampsia than either factor alone (OR 5.98) [37, 38].
Unfortunately, the ideal delivery management in patients
with both GDM and obesity is not clear. Although there is no
clear evidence to support the practice, some experts recom-
mend individualizing care and considering cesarean delivery
when estimated fetal weight is 4,000-4,500 g in GDM patients
[38,39]. Others have recommended earlier induction of labor
in women with GDM [39, 40]. A recent systematic review,
however, found that further research is necessary to inform
timed delivery in patients with GDM [14, 40]. Furthermore,
caution must be advised in patients with both GDM and obe-
sity, as management in that population has not been as exten-
sively studied.

Future Research

Clinical research on appropriate interventions in the over-
weight and obese population has not kept up with the gaps in
our understanding. Several opportunities for research have
already been mentioned. For example, a well-designed pro-
spective study to characterize labor patterns in women of
different weight classifications could inform guidelines and
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practice patterns. Such research would need to take into
account the use of cervical ripening agents, amniotomy, and
oxytocin. The use of intrauterine pressure catheters during
such a study might also help inform the possible etiology of
differences in labor curves. Because of the desire to avoid
cesarean delivery in overweight and obese women, studies to
examine the best policies and practices for induction of labor
(or expectant management) in this population (with and
without gestational diabetes) would also be extremely help-
ful to clinicians. For example, studies looking at characteris-
tics of women with successful induction of labor can help
clarify what factors should be considered when making such
decisions. The management of patients with comorbid condi-
tions, such as GDM and obesity, is another area that requires
further research to determine recommended intrapartum
management.

Another area where further research is needed is in the
intraoperative and postoperative care of obese women who
deliver by cesarean delivery. What is an adequate dose of
antibiotics to adequately cover obese and super-obese
women? Prospective studies should also look at prevention
of thromboembolic disease, which is more likely in obese
women and which remains one of the most significant causes
of maternal mortality.

Throughout this chapter, we have recommended the
implementation of shared decision making to help pregnant
women with complicated decisions that may arise during the
prenatal period. While engaging the expectant women might
seem to be an easily attainable task, the art and science of
shared decision making has not been extensively studied in
the obstetrical patient. Patient and provider communication
is critical in order to fully inform the patient of her choices
and to integrate her values and preferences into her final
decisions for care. Future studies looking at both perinatal
outcomes and patient satisfaction with care would help
inform how shared decision making can best be used during
pregnancy.
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Chapter 5

Epidemiologic Trends

and Maternal Risk Factors
Predicting Postpartum
Weight Retention

Erica P. Gunderson

Abstract Over the past decade, women have become
heavier at the time of conception, gain more weight during
pregnancy, and are a greater risk of postpartum weight reten-
tion. Excessive weight gain during pregnancy is a key predic-
tor of postpartum weight retention. Characterizing trends in
postpartum weight retention can help to identify high-risk
women who are susceptible to substantial weight reten-
tion postpartum and accelerated weight gain trajectories in
midlife. Understanding postpartum weight trajectories can
inform our efforts for primary prevention of obesity and help
to reduce long-term obesity and its associated consequences.
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Key Points

e Women are starting pregnancy heavier than ever
before.

e Women have higher average weight gains during
pregnancy than in past generations.

e The strongest predictors of postpartum weight reten-
tion are high maternal body size before pregnancy,
excessive gestational weight gain, young age at men-
arche, and excessive gestational weight gain.

Introduction

Weight gain and becoming overweight during the reproduc-
tive years are strong independent predictors of cardiovascu-
lar disease morbidity and mortality, particularly among
women [1-4]. The hormonal adaptations to pregnancy pro-
mote gestational weight gain and fat accumulation to support
fetal growth and development, as well as provide energy
stores for lactation [5]. Yet, in modern societies, the abundant
food supplies and sedentary lifestyles are likely to result in
gestational weight gain exceeding optimal levels. Pregnancy’s
physiological adaptations may predispose susceptible women
to marked postpartum weight retention as triggers for the
development of overweight or obesity [6]. Excessive gesta-
tional weight gain not only increases the risk of some preg-
nancy complications (i.e., gestational diabetes mellitus,
hypertensive disorders, C-section delivery) but can have last-
ing adverse effects on women’s health including greater risk
of developing the metabolic syndrome, type 2 diabetes, and/
or cardiovascular disease in mid- or late life [4, 7, 8].
Moreover, shortened duration of lactation and formula sup-
plementation may compromise postpartum cardiometabolic
profiles and increase disease risk [9-12].

Women are starting pregnancy heavier than ever and are
gaining more weight during pregnancy than in past generations.
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Both maternal body mass index (BMI) and gestational weight
gain have increased for the general US population during the
past three decades. Recent estimates show that 60 % of all US
women are overweight or obese (BMI >25) and that at least
one-third are obese (BMI >30) [13]. The secular trends for
increasing overweight and obesity prevalence are highest
among women aged 35-44 years [13]. From 1960 to 2008, the
prevalence of overweight (BMI 25-29.9) and obesity (BMI
>30) in women of reproductive age increased from 28 to 60 %
(Fig. 5.1) [14]. Within the past 20 years, the proportion of
women exceeding gestational weight gain recommendations
has increased significantly. Excessive gestational weight gain
[i.e., above the levels recommended by the Institute of
Medicine (IOM) for their BMI category] [15] was reported by
43 % of pregnant women in 2008 compared to 33 % in 1988
(Fig. 5.2) [14]. The increasing proportion of US women who
are overweight or obese before pregnancy combined with
higher gestational weight gain during pregnancy and more
sedentary lifestyle behaviors and short duration of breastfeed-
ing are key contributors to increasing postpartum weight
retention and obesity risk among young women.

Maternal overweight or obesity before pregnancy is the
most common high-risk obstetric condition [16] and is associ-
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ated with greater maternal and infant morbidity, including
gestational diabetes and hypertension disorders in the woman
as well as neural tube defects, macrosomia, and perinatal
mortality in the newborn [17, 18]. Women who are already
overweight or obese before pregnancy tend to retain more
weight postpartum than those not overweight [19, 20], despite
having lower gestational weight gain and larger newborns [21].

Weight gain trajectories before pregnancy may exert a
significant influence on the weight gain related to pregnancy,
as age at reproductive maturation and genetic characteristics
may influence the tendency to retain weight after pregnancy.
The American College of Obstetrics and Gynecology (ACOG)
recommends modification of maternal weight before concep-
tion as well as advice and monitoring of gestational weight gain
during pregnancy as measures that may prevent pregnancy
complications and adverse long-term outcomes for women
and their children [18]. Characterization of the trends in
postpartum weight retention and identification of high-risk
women who are susceptible to substantial weight retention
postpartum and accelerated weight gain trajectories in midlife
are important to our understanding of targets for primary pre-
vention of obesity and future chronic disease in young women.
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Pregnancy Cohort Studies and Postpartum
Weight Retention

A meta-analysis of early and late postpartum weight retention
estimated that postpartum weight retention (as measured by
BMI) averages 2.5 kg/m? (about 6 kg) at 6 weeks, 1.25 kg/m?
(about 3 kg) at 6 months, and 0.5 kg/m? (about 1.25 kg) at
1 year [22]. A major limitation of practically all pregnancy
cohort design studies is that they rely on maternal recall of
body weight before conception and/or early first trimester
weight measurements. Self-report of prepregnancy weight is
biased toward underreporting to a greater extent in over-
weight or obese women and thereby inflate the estimates of
postpartum weight retention for high-BMI groups. Pregnancy
cohort studies based on self-reported pregravid weight may
introduce substantial bias because high-BMI groups underre-
port body weight by about 5 kg versus 1 kg for other groups
[23, 24]. Therefore, reporting bias affects estimates of gesta-
tional weight gain and postpartum weight retention to a
greater extent for high- than low-BMI groups. An underesti-
mate of 5 kg may overestimate gestational weight gain by
almost 50 % for obese women, and an error of 1 kg may over-
estimate postpartum weight change by more than 100-200 %.

Furthermore, postpartum weight retention may be overes-
timated in the high-BMI groups due to the higher trajectory
of weight gain established before conception that may con-
tinue at the similar accelerated pace after pregnancy. Thus,
weight retention at 1-2 years postpartum may not be due to
retention of gestational gain but weight gain after delivery.
Previous studies with serial postpartum weight measure-
ments have distinguished between weight retention and sub-
sequent weight gain by prepregnancy body size [20].

Childbearing Cohorts and Pregnancy-Related
Weight Gain

Longitudinal cohort studies focusing on the natural history of
childbearing among women of reproductive age suggest that
a first birth has adverse effects on overall adiposity, while
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increasing number of births (parity) has cumulative effects
on central adiposity. In CARDIA women, waist circumfer-
ence increased with each subsequent birth controlling for
prepregnancy measurements [25], while body weight
increased primarily after the first birth [25, 26]. The findings
suggest that the greatest impact on overall fat stores is after
the first birth but subsequent births increase central obesity.
The Coronary Artery Risk Development in Young Adults
(CARDIA) study estimated pregnancy-related weight gain
from before to after pregnancy controlling for secular trends
in weight gain and to assess differences within prepregnancy
BMI (overweight or obese) and parity groups (primiparas)
[25]. The unique strengths of this study include the longitudi-
nal design, standardized research measurements of body
weight from before to after pregnancy (3- to 5-year intervals),
and high retention rates. The large sample size enabled inves-
tigators to determine that pregnancy-related weight gain
depended on the first birth (primiparity) and by maternal
prepregnancy overweight. In CARDIA, postpartum weight
retention averaged 1 kg for women who were not overweight
before pregnancy (BMI <25) and about 3-6 kg for women
who were already overweight or obese before pregnancy
(BMI >25) controlling for sociodemographics, prepregnancy
BMI, and lifestyle factors [25, 27]. Being overweight before
pregnancy signifies the predisposition for weight gain, and
pregnancy may exacerbate this tendency for many women.
The CARDIA study provides most accurate estimates of
long-term weight gain due to pregnancy and its aftermath, by
accounting for secular trends in weight gain during the same
period among women who did not bear children.

Certain lifestyle behaviors are also likely to influence
women’s risk of becoming overweight or obesity in midlife
[6, 28]. For example, among nonsmokers in CARDIA, giving
birth was associated with a twofold greater risk of becoming
overweight within several years versus not giving birth [6].
Yet, among smokers, women who had given birth were half as
likely to become overweight as those who had never given
birth; OR=0.41(95 % CI: 0.17,0.96) for women delivering
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one birth only and 0.36 (95 % CI:0.08,1.65) for women deliv-
ering two or more births [6]. Other modifiable risk factors
include postpartum sleep, dietary practices, and physical
activity, although biological risk factors such age at menarche
and primiparity also appear to play key roles.

Pregnancy Cohorts and Estimates of Average
Postpartum Weight Retention

A 2011 meta-analysis examined average postpartum weight
retention with several time periods [29]. On average, at
6 months or less postpartum, women who experienced gesta-
tional weight gain above IOM recommendations retained an
average of 4 kg more than those gaining within recommenda-
tions. By 6-12 months postpartum, the weight retention aver-
aged 2.5 kg in the group with excessive gestational weight
gain. By 3 years postpartum, the retention was estimated
to be 3 kg greater. However, these estimates are based on
very few studies, in which serial measurements of postpar-
tum weights were not available, and had variable sample
characteristics which may explain the higher “retention” for
the longer period of follow-up. The variability in estimates
of average postpartum weight retention may be related to
maternal characteristics such as race, sociodemographics
and economic status, age, smoking, and levels of gestational
weight gain.

Pregnancy Cohorts and Risk of Substantial
Postpartum Weight Retention

Large pregnancy cohort studies (n>400) generally report
that 13-20 % of pregnant women (Table 5.1) experience
substantial weight retention by 1 year postpartum (defined
as body weight of 5 kg above preconception weight).
Substantial postpartum weight retention has been reported
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among 7-52 % of women at 1 year postpartum when studies
including special populations, such as low-income groups
and pregnant adolescents, are included. However, the per-
centages with substantial postpartum weight retention cor-
relate closely with the prevalence of prepregnancy overweight
and obesity for the specific cohort. For example, northern
European and US cohorts with lower rates of maternal pre-
pregnancy overweight or obesity (7-25 %) reported lower
proportion of women with substantial weight retention (10—
20 %). The US cohorts that focused largely on women from
low socioeconomic groups reported much higher rates of
maternal prepregnancy overweight or obesity (24-52 %)
and reported the highest proportions of women experienc-
ing substantial postpartum weight retention (20-50 %) [6,
28, 30-33].

Correlates of substantial postpartum weight retention based
on epidemiologic studies include high gestational gain, pre-
gravid overweight, primiparity, black race, low socioeconomic
status, smoking cessation, and fewer than 5 h of sleep per day
[19, 33, 34]. The strongest predictors of postpartum weight
retention include maternal overweight or obesity before preg-
nancy, excessive gestational weight gain exceeding the IOM
recommendations, and primiparity [27, 35, 36]. Maternal char-
acteristics associated with a two- to threefold higher risk of
becoming overweight after pregnancy independent of gesta-
tional weight gain include young age at menarche (less than
12 years), short interval (less than 8 years) from menarche to
first birth, maternal age 24-30 years [28], and short sleep dura-
tion (<5 h per 24 h period) at 6 months postpartum [34]. These
risk factors may indirectly represent either genetic or biologic
influences on adult body weight prior to pregnancy, socioeco-
nomic differences in maternal age when childbearing begins,
and/or postpartum behavior changes. Although the strength of
associations with postpartum weight retention for these traits
is similar to total gestational weight gain, for some risk factors,
their lower prevalence in a population may result in relatively
lower attributable risk for postpartum weight retention than
gestational weight gain or maternal body size.
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Risk of Becoming Overweight or Obese
After Pregnancy

A two- to threefold greater risk of becoming overweight after
pregnancy has been associated with reproductive factors such
as excessive gestational weight gain, young age at menarche
(<12 years), and pregnancy within 8 years of menarche [28].
Very few studies have examined the risk of becoming over-
weight due to pregnancy, although some have linked gesta-
tional weight gain to weight status more than a decade later
[37, 38]. These data suggest that weight gain trajectories may
be influenced by genetic factors influencing reproductive
maturation and that pregnancy at a young age exacerbates
the risk of becoming overweight to the same extent as exces-
sive gestational weight gain.

Evidence from childbearing cohorts and pregnancy cohorts
suggests that a first birth and maternal prepregnancy body
size are key predictors of long-term weight retention and that
gestational weight gain is likely to mediate these associations.
The next sections critically examine these risk factors and
their impact on weight changes after pregnancy.

Prepregnancy Body Size

Although gestational weight gain is linked to postpartum
weight retention, primiparity and larger body size before
pregnancy exert important influences that modify these rela-
tionships. Evidence that prepregnancy BMI influences weight
retention has varied by attributes of the populations studied
and the inadequate sample size to assess effect modification
by prepregnancy BMI categories in the gestational weight
gain and postpartum weight association. Women who are
overweight or obese before pregnancy are generally more
likely to have excessive as well as inadequate gestational
weight gains [21, 39]. Excessive gestational weight gain
increases the risk of postpartum weight retention, but the
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effect may depend on prepregnancy body size, maternal age,
and primiparity. Yet, very few studies have addressed the
joint effects of these key risk factors. Weight retention or gain
following delivery may also be highly variable and strongly
influenced by both the weight gain trajectory that preceded
pregnancy (i.e., high prepregnancy BMI) and excessive gesta-
tional weight gain.

Gestational Weight Gain

In the USA, at least 43 % of all pregnant women [14] and
two-thirds of overweight women exceed the recommended
amount of weight gain during pregnancy, while one-third
of obese women gain more than 25 Ib [39-42]. Specifically,
overweight and obese women are two to six times more
likely to exceed the weight gain recommendations during
pregnancy [39, 42, 43] than other BMI groups. They are also
predisposed to higher postpartum weight gain and retention
after pregnancy [44].

Gestational weight gain is strongly, positively correlated with
maternal weight change from preconception to beyond
6 months postpartum and exerts long-term effects on maternal
body weight [45-49]. In multiple linear regression models, total
gestational gain has accounted for 20-35 % of the variability in
the weight change [19, 45,48, 49]. In the NMIHS cohort, Parker
and Abrams found that high gestational gain was associated
with a twofold increase in risk of substantial weight gain (above
9 kg) from preconception to 10-18 months postpartum among
women who were underweight and normal weight prior to
pregnancy [50] but high body size was also directly associated
with postpartum weight. Gunderson et al. reported that gesta-
tional gain above the recommended levels was associated with
a threefold higher risk of becoming overweight after pregnancy
(BMI >26) among women who were under- or average weight
before pregnancy in large, multiethnic cohort [28].
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Reproductive Maturation and Timing
of Pregnancy

Reproductive maturation, including young age at men-
arche (<12 years) and pregnancy onset within 8 years of
menarche, may increase a woman’s risk of weight reten-
tion or becoming overweight after pregnancy [28]. Weight
gain trajectories after pregnancy may be influenced by
genetic factors or other biological influences from early
childhood. These risk factors appear to influence postpar-
tum weight retention as strongly as excessive gestational
weight gain and should be incorporated into future stud-
ies as a way of refining subgroups for whom weight con-
trol during pregnancy has the greatest impact in reducing
weight retention.

Pregnancy Weight Gain Triggering
Maternal Obesity

The impact of gestational weight gain on risk of substantial
postpartum weight retention (>5 kg) and risk of becoming
overweight after pregnancy has been reported in only a few
studies [28, 48, 51]. Overall, average weight gain related to
childbearing among women who became overweight after
pregnancy was about 10 kg [28]. Yet, the risk of becoming
overweight or obesity due to childbearing is an important
outcome to assess the impact on health risk for young women
of childbearing age. Specifically, excessive gestational weight
gain not only adversely affects perinatal health outcomes but
may be the first trigger of obesity in young women [25, 37].
As a potentially modifiable risk factor, gestational weight
gain may provide the critical opportunity for slowing the
weight gain trajectory in young women that results in midlife
obesity.
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Fat Accumulation and Body Composition
Changes Due to Pregnancy

Total gestational gain is highly variable resulting in large
variation between individuals in postpartum weight
retention and body fat distribution. During pregnancy
about 30 % of gestational weight gain is comprised of fat,
with deposition preferentially in the femoral and abdomi-
nal regions producing a more gynecoid body fat
distribution.

Longitudinal studies of body fat deposition from pre-
pregnancy to postpartum have found differences in body
fat deposition by maternal body size. Obese women
showed a tendency to develop more central obesity at
6 months postpartum [52]. In 557 healthy women, subcu-
taneous body fat (skinfold thicknesses) measured from
before, during, and 6 weeks after pregnancy reported that
central body fat gains in the subscapular area were rela-
tively high during pregnancy and that primiparas gained
more fat at both thigh and subscapular locations than
other women [53]. Moreover, fat stores in the triceps and
thigh regions were utilized to a greater extent within the
first 6 weeks postpartum.

A study of 15 women using magnetic resonance imag-
ing (tomographs) to measure subcutaneous and non-
subcutaneous adipose tissue from before pregnancy and
at four intervals postpartum reported that 68 % of gesta-
tional fat gain was deposited in the trunk and that excess
fat gain remaining at 1 year postpartum tended to be
localized centrally [54]. Data from large, population-based
studies are consistent with these findings. Parity has been
correlated with higher abdominal girth many years after
childbearing with larger waist-hip ratios (WHR) [55-57],
and longitudinal studies of childbearing age women
found cumulative increases in WHR [26] and waist cir-
cumference changes from before to after pregnancies in
CARDIA women [25].
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Pregnancy and Visceral Fat Changes

Some evidence suggests that pregnancy increases visceral
adiposity. In a longitudinal study of 122 premenopausal
CARDIA women (50 black, 72 white), adipose tissue (visceral
and subcutaneous) compartments were measured via com-
puted tomography from before pregnancy (1995-1996) and
again 5 years later (1999-2000). We identified 14 women who
gave birth once during the S5-year interval and had adipose
tissue measured before and after the birth as well as in 108
women who did not give birth during this same time interval
[58]. In multiple linear regression models adjusted for age,
race, and changes in total and subcutaneous adiposity, the
visceral adipose tissue levels increased by 40 and 14 % above
initial levels for the parous and nonparous groups, respec-
tively; group mean difference (95 % Confidence Interval) in
visceral fat levels was 18.0 cm? (4.8, 31.2) controlling for gain
in total body fat and covariates, p<0.01. There was also a
borderline greater group difference in mean (95 % CI) waist
girth of 2.3 cm (0, 4.5), p=0.05, that represented an absolute
mean increase of 6.3 cm (4.1, 8.5) versus 4.0 cm (3.2, 4.8) for
parous versus nonparous group. Thus, pregnancy is associ-
ated with preferential accumulation of adipose tissue in the
visceral compartment for similar gains in total body fat. Thus,
childbearing increases central adiposity to a greater extent
than overall adiposity. These findings are important because
chronic disease risk is better predicted by central obesity, par-
ticularly visceral adiposity, even among nonobese individuals.

Conclusions

Weight gain before, during, and after pregnancy may not only
affect maternal and fetal health for current and subsequent
pregnancies but may be a primary contributor to future
development of obesity in women during midlife and beyond
[6,37,59]. Identification of high-risk women who may benefit
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from preconception and prenatal interventions to avoid the
accelerated gestational weight gain is the key to prevention
of pregnancy-related weight gain and long-term obesity-
related chronic disease in women of reproductive age. More
information regarding the influence of socioeconomic factors
and culture practices, smoking cessation, lactation, and other
behaviors on weight changes both during and after pregnancy
is also needed.

High prepregnancy body size may be the most important
risk factor for pregnancy-related weight retention. Women
who are moderately overweight before a first pregnancy may
benefit from weight loss several months before pregnancy as
well as require additional support during early pregnancy to
carefully control gestational weight gain within IOM recom-
mendations. Overweight and obese women who succeed in
achieving gestational weight gain within the recommended
ranges need additional support for lactation and to promote
postpartum weight loss to below preconception weight.
Women who begin pregnancy in the normal range, but have
excessive gestational weight gain or other risk factors (i.e.,
gestational diabetes, young age, primiparity, or depression),
may benefit from weight control programs during the first
year postpartum to reduce weight retention.

Accelerated prepregnancy weight gain trajectories, preg-
nancy complications, medical conditions, and/or other behav-
iors among women may predispose them to substantial
weight gain and obesity during midlife. Risk assessment is
needed to identify the subgroup of women who are predis-
posed to greater risk of substantial postpartum weight reten-
tion or to becoming overweight or obese after pregnancy.
Weight gain and development of overweight during the
reproductive years are an increasing problem and confer
excess risk of cardiovascular disease morbidity and mortality,
particularly among women [1-4]. During the life span, cumu-
lative weight gain may eventually lead to development of the
metabolic syndrome, type 2 diabetes, and/or cardiovascular
disease [4, 7, 8]. As modifiable risk factors, prevention of
excessive gestational weight gain and substantial postpartum
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weight retention during the reproductive years provides a
critical opportunity for early obesity and chronic disease
prevention efforts among women.
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Relationship Between
Depressive Mood

and Maternal Obesity:
Implications for Postpartum
Depression
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Feeling fat lasts nine months, but the joy of becoming
a mom lasts forever — Nikki Dalton

Abstract Depression in the perinatal period (PND) is com-
mon and can have devastating consequences for the mother
and child. Obesity and depression have a bidirectional
relationship, with each being a causal factor for the other.
Here, we review the literature examining the associations
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between PND, obesity, and postpartum weight retention. The
literature is limited but supports a greater incidence of PND
among obese women. Universal screening for PND should
be part of comprehensive perinatal care, as identification of
PND can lead to referral and treatment. Future work should
elucidate markers for both obesity and PND to facilitate
early identification and intervention.

Keywords Perinatal depression ® Antenatal depression e
Postpartum depression ® Obesity ¢ Overweight ® Prepregnancy
weight ® Weight loss

Key Points

e There is a bidirectional relationship between depres-
sion and obesity.

e It is likely that biological factors, lifestyle changes,
and psychosocial factors contribute to both depres-
sion and obesity in the perinatal period.

e There is modest evidence that obesity and postpar-
tum weight retention increase the risk for postpar-
tum depression. The relationship between obesity
and antenatal depression is less clear.

e The literature examining the relationship between
obesity and perinatal depression has many limitations
and more prospective and larger studies are needed.

Perinatal Depression

Major depressive disorders occurring during pregnancy and
postpartum depression (PPD), collectively known as perina-
tal depression (PND), have a prevalence of 10-15 % in adult
women [1-3] and are associated with significant morbidity to
the mother, the newborn, and her family [4-7]. The prevalence
of PND is significantly higher than both gestational diabetes
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mellitus and hypertension and incurs significant maternal/
fetal morbidity and mortality. Depression during pregnancy is
the single greatest risk factor for PPD [1, 8-11]. The point
prevalence of major and minor depression occurring during
pregnancy ranges from 8.5 % to 11.0 %, with data suggesting
incidence rates of major or minor depression to be approxi-
mately 14.5 % [12]. Moreover, it is estimated that more than
60 % of PPD cases begin during pregnancy [8].

The literature consistently documents that maternal PND
has multiple adverse consequences including maternal sui-
cide and infanticide [13]. Depressed pregnant women are
much less likely to engage in appropriate prenatal and post-
partum care [14] and are more likely to engage in unhealthy
lifestyle behaviors such as smoking and substance abuse and
to make worse dietary choices [14-16]. In the postpartum
period, maternal depression is associated with poorer
maternal-infant attachment [13, 17] and parenting behavior
that can have long-lasting adverse psychological conse-
quences in the offspring [6, 7].

Screening for PND during pregnancy and postpartum can
be readily accomplished with the use of a validated screen-
ing instrument. Table 6.1 describes commonly used instru-
ments. One example is the Edinburgh Postnatal Depression
Scale (EPDS), which is among the most commonly used and
widely studied perinatal depression screening instruments in
the world [12, 18, 23, 24]. The EPDS was specifically devel-
oped to assess PND and minimizes confounding of the
somatic symptoms of MDD with parenting an infant (e.g.,
insomnia) [18]. Other depression screening instruments that
have been used in the perinatal period include the Postpartum
Depression Screening Scale (PDSS) [19], the Patient Health
Questionnaire 9-item [20], the Beck Depression Scale (BDI)
[21], and the Center for Epidemiological Studies Depression
Scale (CES-D) [22].

However, despite the significant public health impact of
PND, many risk factors have not been well described, includ-
ing the relationship of maternal obesity and depression dur-
ing pregnancy and postpartum. Obesity in the perinatal
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period is a complicated topic as there are a variety of clinical
presentations. For example, some women come into the
pregnancy already overweight or obese, while other women
gain weight during the pregnancy that they are unable to
shed in the postpartum period. In this chapter, we first
review the literature on obesity and depression occurring
outside of the perinatal period followed by a discussion of
the studies investigating obesity and depression during the
perinatal period.

Obesity and Major Depression:
A Two-Way Street

Both major depressive disorder (MDD) and obesity are com-
mon public health concerns with up to 65 % of Americans
meeting criteria for being overweight or obese [25] and 10 %
of the general population meeting criteria for MDD [26].
Both of these conditions carry a high disease burden and
increase the risk for mortality including via cardiovascular
disease [27]. The question of whether MDD leads to an
increased risk of obesity and, conversely, whether obesity
leads to an increased risk of MDD is an important one as
identification of high-risk populations for both of these con-
ditions could lead to earlier and more targeted interventions
and improved outcomes.

Over the past decade, research has provided more and
more evidence of a link between the two conditions [28-33].
Cross-sectional studies provide a “snapshot” of the study
population at one time point and allow determination of the
risk for a condition in the setting of another. A systematic
review of cross-sectional studies found “weak evidence sup-
porting the hypothesis that obesity increases the incidence of
depression outcomes” [34] and concluded that more prospec-
tive and longitudinal studies needed to be done. A more
recent meta-analysis of community-based studies examined
17 studies with a total of more than 200,000 participants and
found an odds ratio of 1.18, indicating that individuals with
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obesity were more likely to have depressive symptoms [35].
Interestingly, sex acted as a moderating factor, and the asso-
ciation was found only in women.

Cross-sectional studies do not allow insight into the
direction of the relationship between two conditions.
Longitudinal studies, on the other hand, though more diffi-
cult to conduct, allow researchers to determine if one condi-
tion leads to another and can provide insight into the
mechanisms underlying the risk. A recent systematic review
and meta-analysis of longitudinal studies on the relationship
between depression, obesity, and being overweight confirmed
a reciprocal link between depression and obesity [28]. They
found that obesity at baseline increased the risk of the onset
of MDD at follow-up with an unadjusted odds ratio of 1.55
(CI 1.22-1.98, P<0.001) and that being overweight at base-
line increases the risk for MDD with an unadjusted odds
ratio of 1.27 (CI 1.07-1.51, P<0.01). Thus, there appears to be
a “dose-response relationship” in that the risk for MDD was
larger in those who were obese as compared to those who
were overweight. In contrast, baseline MDD did not increase
the risk of being overweight over time, but increased the odds
of being obese (OR 1.58, CI 1.33-1.87, P<0.001) [28]. In con-
trast to the meta-analysis of cross-sectional studies, sex was
not a moderator of the association.

There are several proposed mechanisms for the reciprocal
relationship between obesity and MDD. MDD might increase
the risk for obesity in several ways. People with MDD are
more likely to engage in unhealthy lifestyles including smok-
ing, unhealthy eating habits, and decreased exercise. MDD is
also associated with dysregulation of the stress system [36, 37]
that can lead to weight gain. Moreover, common symptoms of
MDD predispose a person to gaining weight. For example,
one of the specific criteria for the diagnosis of MDD is an
altered appetite that can take the form of an increased appe-
tite and overeating. In addition, MDD is often associated
with decreased energy that can lead to decreased exercise
and activity. Finally, most antidepressant medications are
associated with some weight gain.



Chapter 6. Relationship Between Depressive Mood 105

There are also several ways that obesity might increase the
risk of MDD including both biological and psychological
mechanisms. The hypothalamic-pituitary-adrenal axis (HPA
axis) is dysregulated in both MDD [38, 39] and obesity [40,
41]; thus, dysregulation induced by obesity might trigger
MDD. Weight gain and obesity have been shown to activate
inflammatory pathways [42, 43], and inflammation is thought
to play a role in MDD [44-46]. Obesity increases the risk for
diabetes and insulin resistance, which could affect the brain in
such a way as to increase the risk for MDD [28]. From a psy-
chological perspective, obesity tends to be associated with
decreased self-esteem, adverse childhood experiences, and
teasing [36], which might increase the risk of MDD.

Regardless of the mechanism, it is becoming increasingly
clear that the relationship between obesity and MDD is bidi-
rectional in that obesity and depression are each causal fac-
tors for the other [28, 47]. Given the strength of this
association, one would expect that obesity is a risk factor for
PND and that depression during or after pregnancy would be
associated with obesity or difficulty losing gestational weight
gain. As the perinatal period represents a highly vulnerable
time in a woman’s life, it is critical to understand other risk
factors for maternal depression, including maternal obesity.

The Link Between Obesity and Perinatal
Depression: A Conceptual Model

There are a number of factors that likely interact to influence
the association between obesity and depression during the
perinatal time. These factors include biological changes such
as inflammation, HPA axis dysregulation, and the hormonal
changes that are associated with pregnancy,labor,and delivery.
Psychosocial factors including poor body image and poor
self-esteem might also influence the risk of both obesity and
depression. Previous research has demonstrated that there
are very different attitudes towards eating behaviors and
weight gain during pregnancy compared to postpartum [44].



106 S.C.Rogan et al.

Obesity

|

HPA axis Gonadal Lifestyle factors:
Dysregulation steroids Sleep dysregulation
stress — cortisol T Less exercise
Low energy
Poor diet

|

Depression

Poor body image

Inflammation
and self-esteem ammatio

Fic. 6.1 A conceptual model of the relationships between obesity
and depression in the perinatal period

Negative self-directed cognitions concerning eating, weight,
and shape seem to be less pervasive during pregnancy and
might be less likely to impact mood or anxiety [44]. Women
might feel justified eating more during pregnancy, and weight
gain is associated with nurturing a developing infant. In con-
trast, women are expected to lose weight during the postpar-
tum period, and a failure to do so, coupled with a changed
physique, could lead to negative cognitions that predisposes
one to the development of depression. Lifestyle factors also
play a role as many women decrease activity and have lower
energy during pregnancy and postpartum. Sleep is often dys-
regulated, both during and after pregnancy, and a poor diet
due to food cravings or the stress of becoming a mother can
increase the risks for obesity and depression. A conceptual
model of the relationships between obesity and depression in
the perinatal period is depicted in Fig. 6.1.

Obesity and Perinatal Depression

The literature examining obesity and antenatal depression is
small, and three studies document that obesity is not associ-
ated with antenatal depression [44, 48, 49]. In contrast,
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Bodnar et al. [50] reported a strong, positive dose-response
association between prepregnancy obesity (based on BMI)
and the likelihood of antenatal MDD. A major strength of
this study compared to the previous literature, which gener-
ally assessed depressive symptoms, is the use of a structured
clinical interview (the Structured Clinical Interview for
DSM-1V Diagnoses or SCID), which allows a diagnosis of
MDD to be made. The association of prepregnancy obesity
with antenatal MDD remained after controlling for con-
founders and suggests that overweight mothers’ antenatal
mood may be unaffected by the absolute amount of weight
gained but is more robustly associated with the mother’s
weight at the time of conception [50]. One possibility is that
prepregnancy obesity leads to body image dissatisfaction or
biological factors (inflammation, HPA axis dysregulation)
that increase the risk of depression during pregnancy.

The literature assessing the risk of PPD among women
who were overweight or obese prepregnancy is larger than
that for antenatal depression. Most of these studies are small
cross-sectional or longitudinal analyses [51]. Studies from
Jenkin and Tiggemann [52] and Carter et al. [44] assessed
depressive affect in the third trimester and again in the post-
partum period, and both studies found significant associa-
tions between obesity and PPD. In contrast, a cross-sectional
analysis from Vernon et al. [53] found no direct association
between BMI and depression, but subjects with lower levels
of physical activity tended to weigh more and to have more
depressive symptoms, suggesting an indirect relationship
between weight and depression.

Two studies from Lacoursiere et al. have also found signifi-
cant associations between obesity and PPD [54, 55]. In an
initial study of over 700 subjects [54], researchers examined
depressive symptoms using the question “In the months after
your delivery, would you say that you were not depressed at
all, a little depressed, moderately depressed, very depressed,
or very depressed and had to get help?” Patients who
responded with “not depressed at all” or “a little depressed”
were classified as not depressed, and those with any other
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responses were classified as depressed. Normal-weight
women reported the lowest rate of moderate or stronger
depressive symptoms (22.8 %), compared to underweight
(27.7 %), overweight (24.8 %), and obese (30.8 %) women.
The adjusted odds ratio for moderate or greater depressive
symptoms among obese women was 1.53 (95 %, CI 1.15-
2.02), and overweight and obese women were more likely to
seek assistance for their depression than underweight or
normal-weight women. In a follow-up study, Lacoursiere
et al. [55] used a more rigorous and well-validated measure of
depression, namely, the EPDS. They enrolled 1,027 women
immediately postpartum and followed them for 6-8 weeks to
determine whether prepregnancy BMI is associated with a
positive PPD screen. Overall, the authors reported the lowest
rate of depression among normal-weight subjects (14.4 %).
Underweight (BMI <18.5), pre-obese (BMI 25-29.9), and
class 1 obese (BMI 30-34.9) women had insignificantly
higher rates of positive EPDS screens (18, 18.5 and 18.8 %,
respectively). In contrast, significantly higher rates of depres-
sion were measured among obese class 2 (32.4 %, BMI
35-39.9) and obese class 3 (40.0 %, BMI 35-39.9) women.
Consistent with previously described research linking obesity
and major depression, prepregnancy BMI correlated with a
history of depression. Additionally, the authors reported an
association between BMI and a history of PPD, suggesting
that obese women had an increased baseline risk for a posi-
tive EPDS, but a multiple logistic regression showed prepreg-
nancy BMI to be an independent risk factor for PPD.
Interestingly, women with a lower prepregnancy BMI were
more likely to complete the study. Depressed women might
be less likely to complete and return the EPDS. Therefore,
the study results could underestimate the prevalence of
depression among overweight and obese women.

In the largest study of which we are aware, Sundaram et al.
[56] investigated the association between prepregnancy BMI
and PPD. The authors extracted data on 45,285 women from
the Pregnancy Risk Assessment Monitoring System, a
national population-based survey. The authors assessed
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depression using a two-item questionnaire modeled on the
PHQ-2, which is a brief clinical test to assess depressive
symptoms. Their initial results indicated a 1.15-fold increase
in the prevalence of PPD among obese (BMI >30) women
(95 %, CI 1.023-1.302), but that effect was no longer signifi-
cant after the authors controlled for maternal variables such
as age, race, education, income, and pregnancy complications.
Additionally, the authors found no differences in rates of
PPD among under-, normal-, and overweight women
(Table 6.2).

Perinatal Intervention Studies
to Address Obesity

Several studies have attempted to directly examine the rela-
tionship between gestational weight gain and PPD in the
setting of interventions to minimize weight gain, but none
have found a significant associations. These studies have typi-
cally used behavioral modification techniques to minimize
gestational weight gain or intensify postpartum weight loss
and have assessed affective symptoms in intervention and
control subjects. Krause et al. [69] investigated PPD rates
among 491 overweight or obese women who enrolled in a
randomized control behavioral intervention designed to
encourage postpartum weight loss. The authors administered
the EPDS to subjects 6 weeks postpartum. The authors failed
to find an association between PPD and BMI.

In a similar study, a Swedish group investigated whether
participation in a validated [70] weight restriction program
during pregnancy impacted measures of depression or anxi-
ety among 151 obese women [71]. Investigators administered
the Beck Anxiety Inventory (BAI) and the EPDS to assess
anxiety and depression, respectively, at 15 and 35 weeks’ ges-
tation and 11 weeks postpartum. With respect to either anxi-
ety or depression, they found no significant differences
between the control and intervention groups at any of the
time points, nor did they find an association between anxiety
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or depressive symptoms and weight gain. However, the inter-
vention was unsuccessful as there was no difference in weight
gain between the intervention and control groups. The
authors did conduct a secondary analysis comparing patients
within each group who had limited weight gain with those
who did not and again found no differences in BAI or EPDS
scores, but the study was not designed to detect such within-
group differences.

In a third intervention study, body weight again did not
relate to depressive symptoms. Boury et al. [61] examined
women in a randomized clinical trial for weight management.
Their cohort consisted of 151 women with children under
2 years of age. While the postpartum time differed greatly
among subjects, 55 % were 6 months or fewer postpartum,
31 % were 6-12 months postpartum, and 14 % were
12-24 months postpartum. Researchers used the Beck
Depression Inventory (BDI) and found that 51 % of the
sample had some degree of depression but that BMI did not
correlate with BDI scores. They also failed to find an associa-
tion between weight gain during pregnancy or waist circum-
ference and depression.

Postpartum Depression and Weight Retention

Postpartum weight retention is a significant contributor to
adult obesity and increases maternal and fetal morbidity in
future pregnancies. Thus, identifying risk factors for excess
weigh retention is important. Several studies have investigated
the link between PPD and postpartum weight retention.

One study assessed weight retention and depression
among 230 women who were 1 year postpartum and found
that more women who retained >5 kg reported depressive
symptoms than women who retained <5 kg (53 % vs. 28 %)
[68]. Similarly, Herring et al. [48] found that PPD resulted in
a 2.5-fold increase in the risk of retaining >5 kg at 1 year
postpartum, even after controlling for prepregnancy
BMI, gestational weight gain, parity, and maternal
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sociodemographics (OR 2.54,95 %, CI 1.06-6.09). When the
authors controlled for postpartum behaviors such as sleep,
walking, trans-fat intake, and television watching, the effect
of PPD on weight retention was insignificant (OR 2.38,95 %,
CI 0.96-5.88) suggesting that the lack of sleep and the physi-
cal inactivity that often accompany depression partially
account for the weight retention. On the other hand, antena-
tal depression, either alone or in combination with PPD, did
not increase the risk of weight retention.

Pedersen et al. [72] conducted one of the largest studies, a
prospective cohort study of >37,000 Danish women, to exam-
ine psychosocial risk factors for postpartum weight retention.
They found that women with symptoms of depression and/or
anxiety during pregnancy had higher weight retention at both
6 and 18 months postpartum. Women who also had depres-
sive or anxious symptoms postpartum had an even higher
risk of weight retention.

By contrast, a Taiwanese study [73] found that 6 months
postpartum, normal-weight, depressed women retained less
weight than their nondepressed counterparts. The authors
speculated that the sleep disturbances and loss of appetite
that often accompany depression contributed to the decrease
in post-pregnancy weight gain. Additionally, several studies
have failed to find a correlation between postpartum weight
retention and maternal depression [64, 74]. Many variables
contribute to postpartum weight retention including diet,
physical activity, prepregnancy BMI, gestational weight gain,
social support, and socioeconomic factors. It is likely that
when models control for all of these variables, small studies
are inadequately powered to assess the direct effect of PPD
and weight retention on each other.

Conclusions

In summary, there is modest evidence that obesity and post-
partum weight retention increase the risk for PPD. The rela-
tionship between obesity and antenatal depression is less
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clear. Overall, the existing evidence does not provide strong
support for a link between obesity and PND, but several flaws
in the current literature preclude drawing definitive conclu-
sions. First, studies have assessed depression using a variety of
methods. While the EPDS and BDI are well-validated tools
with documented cutoff scores consistent with a diagnosis of
MDD, several studies [52-54, 56] used other methods of
assessing depressive symptoms that might not be correlated to
a clinical diagnosis of MDD. In addition to the unknown valid-
ity of such depression measures, it is difficult to compare find-
ings among studies when each uses a different method of
assessing depression. Moreover, the presence of depressive
symptoms in the postpartum period does not imply a diagno-
sis of PPD; thus, the true prevalence of PPD in several of the
studies is unknown. Second, each study assessed PPD at dif-
ferent postpartum intervals ranging from 4 weeks to 2 years.
With respect to the cross-sectional studies in particular, none
of which has found an association between obesity and
depression [8], the prevalence of depression could be under-
estimated, depending on whether the timing of assessment
correlated with the presence and severity of PPD symptoms.
Third, all of these studies are subject to a selection bias, as
women who respond to study advertisements are probably
less likely to be depressed. In particular for those studies with
a behavioral intervention targeting weight loss, the respond-
ing population is likely more motivated to lose weight than
the general population. Fourth, many of the studies have small
sample sizes; with an expected PPD prevalence of 10-15 %,
many of the studies do not have an adequate number of
depressed patients to draw significant conclusions regarding
the association between obesity and PPD. Future studies will
require longitudinal assessment of women recruited prepreg-
nancy and followed through the postpartum period using a
valid and reliable assessment of PND and tracking weight and
BMI with large sample sizes, so that studies are adequately
powered.

Perinatal depression is a critical cause of perinatal morbid-
ity and has important effects on the entire family, including
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the newborn. While the current evidence linking obesity and
PND is mixed, and as obesity becomes a greater public health
problem, further research will likely better define the rela-
tionship between obesity and PPD. The association between
obesity and both PND and MDD outside of the perinatal
period likely reflects overlapping mechanisms and risk fac-
tors. However, it is important that we clinically identify those
people at risk.

The perinatal period represents a time of high contact with
health-care providers. Therefore, universal screening for
PND should be part of comprehensive perinatal care, as iden-
tification of PND can lead to referral and treatment. The lit-
erature demonstrates that PPD is associated with increased
risk of weight retention, so treatment of PPD might lessen
the incidence of postpartum obesity. As posited by Shelton
and Miller [31], obesity and depression are part of a vicious
cycle whereby obesity predisposes one to depression, contrib-
uting to inactivity and dietary changes, which worsens obesity.
In the postpartum period, sleep disturbances, fatigue, and the
constant demands of caring for a newborn likely exacerbate
this cycle, enhancing an already precarious relationship.
Therefore, recognition and treatment of PPD remains an
important aspect of postpartum care for all women. Moreover,
future work should concentrate on identifying clinical mark-
ers of the population of people at risk for developing both
obesity and PND and exploring methods of early interven-
tion in order to decrease risks associated with both of these
serious conditions.
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Chapter 7

Body Image as a Contributor
to Weight in Pregnancy

and Postpartum: Racial
Differences

Tiffany L. Carson, Kesha Baptiste-Roberts,
and Tiffany L. Gary-Webb

Abstract The alarming disparities in obesity and related
conditions for African-Americans compared to Whites have
prompted the investigation of social and cultural influences
of the obesogenic environment as potential contributors.
One such cultural influence may be body image, which
encompasses one’s perception of body size and the emotional
attitude toward that perception. While studies show that
body image is significantly associated with weight, studies
during pregnancy have been few, particularly among minority
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populations. The concept of body image and its influence on
weight control should be considered in various phases of a
woman’s life, including pregnancy.

Keywords Body image ® Racial/ethnic disparities ® Cultural
influences ® Weight control ¢ Prepregnancy e Postpartum

Key Points

e Body image is an important contributor to weight
and significant racial/ethnic disparities exist.

¢ Body image changes with different phases of life and
should be considered during the very important
pregnancy and postpartum phases.

e Results of studies during pregnancy and postpartum
suggest that body image dissatisfaction increases and
that there are many factors (i.e., prepregnancy weight
and behaviors, psychosocial factors) that influence
this association.

e Health professionals have an opportunity to help
pregnant women adapt to their changing bodies in
healthy ways. They should implement strategies to
improve body image satisfaction during this critical
phase.

Understanding How Cultural
Influences May Impact Health

African-Americans experience extremely high rates of obe-
sity compared to their White counterparts particularly among
women. In fact, over 75 % of African-American women aged
20 and above are overweight or obese [1], and this disparity
is only partially explained by differences in socioeconomic
status (SES). Given that obesity is also a risk factor for
diabetes, heart disease, stroke, and many other chronic
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problems, studies are urgently needed to identify novel risk
factors that may contribute to the disproportionate burden
of obesity among African-Americans. It has long been rec-
ognized that culturally appropriate methods for ethnic
minorities are needed for programs targeting weight loss,
diabetes care, and improvement in cardiovascular risk fac-
tors; however, little work has been done to identify specific
cultural components that could be incorporated in these
programs. Although the existing medical literature has lim-
ited exploration of these cultural components, a few studies
bringing in perspectives from anthropology and psychology
[2-4] have provided key leads to be further explored includ-
ing similarities between African and African-American
dietary patterns, contrast between African-American values
and mainstream values, and cultural perceptions concerning
body image and weight, just to name a few. This chapter
explores in detail the construct of body image.

Conceptual Framework

The conceptual framework guiding this chapter (see
Fig. 7.1) was developed by Ard and analyzes the obeso-
genic environment from the unique perspective of African-
American women [5]. It proposes that, unlike mainstream
US culture which promotes thinness, cultural influences for
African-American women may be permissive for weight
gain. It has been suggested that many of the cultural norms
of African-Americans don’t identify being “skinny” as
critical to one’s health, happiness, and personal sense of
well-being [5]. Body image is a unique, multidimensional
concept that is influenced by the cultural frameworks that
help to shape individuals and groups. Thus, examining the
broader social/cultural context above and beyond indi-
vidual goals is crucial to understanding facilitators and bar-
riers. Careful examination of body image, as well as other
social/cultural constructs, will move us closer to identifying
solutions for achieving healthy weight in African-American
communities.
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Underweight Normal Weight Obese

Obesogenic environment

White cultural influence

Black cultural influence

Figure 7.1 Confluence of obesogenic environment and cultural
influence. Black cultural influence has an additive interaction with
the overall obesogenic environment further promoting obesity
among Black women. Conversely, White cultural influence acts as a
counterweight to the prevailing obesogenic environment by influ-
encing White women to strive for thinness (Reproduced with per-
mission from: Ard [5])

Body Image as a Construct

Body image, an important factor in weight control, encom-
passes one’s perception of body size and the emotional
response or attitude toward that perception [6-8]. Body
image is often assessed using attitudinal questionnaires such
as the Body Cathexis Scale [9], the Body Shape Questionnaire
[10] or by exploring percept evaluations using figure rating
exercises. For the figure rating exercises, participants are
shown a series of numbered silhouettes ranging from very
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thin to extremely obese. Participants are asked to select
which figure they currently most resemble. This is known as
body image . To further explore dimensions of body
image, participants are often asked to select which figure they
would like to resemble. This is known as body image,, . The
calculated difference between body image ~ and body
image,  is called body image discrepancy or body image dis-
satisfaction (BID =body image___ —bodyimage ). Several
instruments have been developed to facilitate this line of
study. The most widely used instrument is the Stunkard
Figure Rating Scale, which consists of 9 silhouettes (see
Fig.7.2a) [11]. The Stunkard scale was introduced in the early
1980s as an easy-to-administer self-assessment of body image
and has been strengthened by subsequent work, which estab-
lished BMI norms for adults and children [12]. Several addi-
tional figure rating scales have been developed and adapted

@
I

FIGURE 7.2 Selected figure rating scales. (a) Stunkard Figure Rating
Scale: most widely used instrument developed as an easy-to-
administer self-assessment of body image (Reproduced with per-
mission from: Stunkard et al. [11]). (b) Pulvers Figure Rating Scale:
instrument adapted to be appropriate for diverse populations [13]
(Reproduced with permission of John Wiley & Sons, Inc)
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to be appropriate for diverse populations [8, 13, 14].
Highlighted at the bottom of Fig. 7.2b is the scale developed
by Pulvers et al., who sought to develop an instrument more
relatable to a range of cultures with detailed figures, but not
specific to any one culture [13]. Scales are currently being
developed that better depict body proportions for African-
Americans and allow participants to desire change of specific
body parts (i.e., chest, hips) vs. change of the entire body.
From these figure rating exercises, many conclusions have
been drawn about body image among African-American and
White women. Research has shown that both African-
American and White women report some body image
dissatisfaction [15-18]. However, White women typically
report greater body image dissatisfaction than African-
American women, while African-American women generally
report body image ideals larger than that of White women
[19,20]. There are a range of proposed factors that may influ-
ence body image differences across race/ethnic groups.

Historical Influence

Body image ideals in the United States are thought to have
roots in historical conditions where different body sizes were
promoted for African-American and White women. The envi-
ronmental and economic conditions in colonial times made
women who were physically strong and able preferable
because they were seen as fertile and able to contribute to the
land and household chores [21]. Later, with the introduction
of slavery, White women were urged to be thin and frail to
make them more attractive candidates for marriage to an
upper-class man who could then justify the use of slaves by
stating that his wife was too frail to work [22]. However, this
pressure to be thin was never imposed upon African-American
women. In fact, for African-American women, larger, stronger
bodies were preferred by Whites because this body type was
seen as more equipped to endure the working conditions.
Additionally, African-American men also preferred African-
American women with larger body types because that sug-
gested to them the strength, productivity, robustness, and
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fertility of that woman. From this, we might hypothesize that
what was once a survival- and strategy-driven rationale for
preference of certain body sizes, over generations, has become
an inherent social norm in current society.

Current Social Influence

Media

The current media has also been identified as a contributor to
body image perceptions of women [21]. Differential depic-
tions of African-American and White women in the media
may drive the differences in body image ideals that have
persisted for several decades. For example, a 2004 study by
Schooler and colleagues reported that White women were
negatively influenced by seeing thin White women in the
media, but African-American women were not affected by
these images [23]. However, for African-American women,
viewing African-American-oriented media actually demon-
strated some protective effect on their body image [23],
which is believed to be a result of the larger body sizes of
African-American women that are often seen in the main-
stream media.

Opposite Sex Preferences

Male preference for body size has also been cited as a con-
tributor to body image among women [24]. Currently, male’s
physical appearance preferences for women largely mirror
the body image ideals that seemed to develop during slavery.
Specifically, African-American men prefer African-American
women with at least a moderate-sized body shape compared
to White men who prefer White women with a thin body
shape [24]. Both African-American and White women are
aware of male preferences for their respective body sizes.
However, there is limited empirical data to establish how
male preferences influence body image and actual body sizes
of African-American and White women.
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Maternal Influence

Mothers may also play a role in the development of body
image in their daughters. Subsequently, the body image ideals
developed during the formative years are continued into
adulthood. Among African-American women, there is a cul-
tural belief of valuing character over appearance [25]. The
lower emphasis on appearance may protect against body
image dissatisfaction in African-American females. In con-
trast, White mothers were more critical of heavy daughters in
a 1995 study by Brown and colleagues [26]. Thus, it may be
that some of the differences in body image ideals seen today
when comparing African-American and White women are
the result of different maternal emphasis in childhood.

Acculturation

Among African-American women only, acculturation may
also influence body image ideals. Acculturation is defined as
“socialization: the adoption of the behavior patterns of the
surrounding culture.” So, African-American women with
greater acculturation with mainstream America are more
likely to adopt the “White” standard of beauty which includes
thinness. However, African-American women with lower
acculturation are more likely to adopt “African-American”
standards of beauty, which is ultimately associated with fuller,
more voluptuous figures.

To this point, the main focus of this chapter has been on
body image differences between African-American and
White women largely due to limited body image research in
other race/ethnic groups. However, other race/ethnic groups,
such as Hispanics and Asian-Americans are not exempt from
this discussion and are increasingly being studied by
researchers. Challenges for studying body image in Hispanic
Americans come from the diversity of this group in terms of
lineage (e.g., Mexican, South American, Caribbean) and immi-
gration stage (first generation, second generation, third gener-
ation). It is well known that rates of overweight and obesity are
also disproportionately high among most Hispanic women [1].
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Though the literature for Hispanic body image is not defini-
tive, it suggests that body image beliefs among Hispanics fall
somewhere in between that of African-Americans and Whites.
Though reporting more body image dissatisfaction than
African-Americans, Hispanics still report less body image dis-
satisfaction than Whites [19]. It has been suggested that body
image among Hispanics is influenced by strong familial ties
and focus on character. For Asian Americans, for whom over-
weight and obesity rates are much lower than other groups,
there is even less weight-related body image data. Of the lit-
erature that is available for body image of Asian-Americans,
the findings are mixed. Some studies have found that Asian-
Americans are more satisfied with their bodies than Whites
and Hispanics [19, 27], while other studies have indicated that
Asian-Americans report similar levels of body image dissatis-
faction as Whites [28]. The challenges involved in the study of
body image of Asian-Americans are similar to that seen in
Hispanic Americans (e.g., lineage, immigration stage).

Body Mass Index (BMI)

Though many of the factors influencing body image are psy-
chological in nature and driven by social relationships and
norms, one quantitative measure that has a direct association
with body image among African-American and White women
is BMI. For example, a 2011 study by Cox and colleagues
reported that body image ideals differed by obesity class with
class I (BMI 30-34 kg/m?) obese women having the smallest
body image ideal and class III (BMI >40 kg/m?) obese women
having the largest body image ideal [16]. However, the causal
direction of this relationship is unclear. Some suggest that
women may select an ideal body size based on what they see
as more relatable to their current size which would lead
women who are currently class III obese to choose body
image ideals that are larger than that of women who are class
I obese. Conversely, the body size that a woman chooses to
maintain may be driven by what she sees as ideal. Thus, a
woman with a larger body image ideal may be more likely to
have a larger actual body size. Further research is needed to
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more fully understand this relationship. Not only does BMI
have a direct relationship with body image ideals, it is also
positively associated with body image dissatisfaction. Thus, as
BMI increases, body image dissatisfaction increases for both
African-American and White women [16, 29]. Though rela-
tionships between BMI and body image exist for African-
American and White women, thresholds for and magnitudes
of the relationships differ. Specifically, when comparing
African-American and White women of similar BMIs, African-
American women consistently report more satisfaction with
their bodies and higher weight-related quality of life [30].

Body Image During Pregnancy

Body image is a part of a woman’s psyche that begins to
develop at a young age and continues through the life course.
However, body image is not a static concept and may change
with the different phases of life that a woman may experience.
One such time to consider is the pregnancy phase, which is a
very important phase in a woman’s life, with implications for
both her own well-being and that of her developing fetus.
During pregnancy, women experience substantial and some-
times dramatic changes in their body shape, sensations, mus-
cle tone, and weight, over a relatively short period of time,
resulting in significant alterations of body image [31]. It is
important to understand women’s adaptation to their chang-
ing bodies during pregnancy because body image dissatisfac-
tion has been shown to be associated with depression, anxiety
[32, 33], and unhealthy dieting and eating behaviors [34],
which all have serious implications for the health and well-
being of the mother and developing fetus [35,36]. In addition,
body image influences the ability of a woman to develop a
positive maternal identity, which has a great impact on her
ability to accept the maternal role postpartum. Nevertheless,
there is a paucity of evidence in this area with almost all of the
studies having been conducted in very small samples contain-
ing only nonminority participants or no report of race. A
summary of studies evaluating body image during pregnancy
is presented in Table 7.1.
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The current Institute of Medicine [IOM] guidelines rec-
ommend that women with normal prepregnancy weight
(body mass index [BMI] <25) gain 25-35 1b whereas over-
weight (25< BMI <30) or obese (BMI >30) women are
advised to gain 15-25 1b and 11-20 Ib, respectively [37].
However, currently, fewer than one third of pregnant women
achieve guideline-recommended gains, with the majority
gaining above IOM recommended levels [38]. Excessive ges-
tational weight gain is on the rise, with more than 40 % of
normal-weight women and 60 % of overweight women
exceeding the gestational weight gain recommendations [38].
There are significant racial differences in gestational weight
gain with White women more likely than their African-
American counterparts to gain in excess of recommended
levels [39-41]. However, African-American women are more
likely to enter pregnancy overweight or obese compared to
their White peers [42]. As mentioned earlier, a significant
amount of research indicates that the idealized image of
female beauty in western societies is thin [43]. During the
course of pregnancy, with the increase in weight, breast size,
and thickening of the waist, women depart from this cultural
ideal of beauty. A woman’s assessment of her body image
when nonpregnant is based on her current perceived body
image in comparison to her ideal body image. Thus, it can be
expected that if the ideal remains stable during pregnancy,
there would be an increase in body image dissatisfaction as
pregnancy progresses [31].

The body changes that occur during pregnancy are some-
what expected, but there are some inconsistencies in the lit-
erature on whether a woman adapts positively to these
changes or becomes dissatisfied or concerned about them
[44-51]. In addition, it is evident that women have conflicting
feelings about the changes in their bodies. Although for the
most part, women have a positive perception of themselves
during pregnancy, a considerable proportion report feeling
unattractive [44]. A qualitative study by Chang et al. [50]
reported that over 50 % of the women interviewed expressed
dissatisfaction with their overall appearance. Some women
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talked about loss of the self/body and expressed concern
about regaining their prepregnancy feminine self after the
birth of baby. However, some women responded positively to
their changed bodies. For others, the response was either
negative or conflicted and their reactions to changing breasts
covered the spectrum. Almost half of the women expressed
concern and most expressed strong negative reactions to
striae gravidarum (stretch marks). In this study, the reactions
of significant others played a crucial role in a woman’s adap-
tation to her pregnant body. As such, Chang et al. concluded
that even during pregnancy, women are relying on ideas of
men’s standards of attractiveness and media representations
to assess the changes they are experiencing during pregnancy.
In a cross-sectional study [44] of 891 women, more than half
of the study population felt less attractive than usual and
60 % reported being less interested in sex.

In contrast, several studies [35, 45, 52] have suggested that
the normal societal pressures in western societies to conform
to the ideal body shapes may be reduced during pregnancy
[35, 45] since women see changes in their body as temporary
and specific to childbearing [52]. As such, pregnancy may be
the only reprieve from the pressure to be thin in most
western societies since the reproductive role supersedes a
woman’s physical appearance. Fairburn et al. [35] report that
among women interviewed 3 days postdelivery, 6 % reported
dieting during pregnancy, 26 % experienced overeating epi-
sodes, 50 % expressed no concern about weight gain, and
24 % felt distressed about weight gain or felt less concerned
than they would have before pregnancy. Approximately two
thirds felt positive about their abdominal shape change, while
one third felt negative about this change. Furthermore, the
pregnant women in this study were more accepting of their
body size and made fewer attempts to control their weight.

Chang et al. [50] reported that pregnant women view the
changes in their body as reflective of their child’s develop-
ment and their assumption of the role of “mother.” The par-
ticipants in this study tended to compare their bodies with
those of other pregnant women to assess whether or not their
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child was developing normally and attributed some level of
success in this comparison. Davies and Wardle [45] compared
pregnant and nonpregnant women and found that pregnant
women were more accepting of their body size, had lower
body dissatisfaction scores, and made fewer attempts to con-
trol their weight. In a diverse US sample (n=63) consisting
of 45 % non-Hispanic White, 41 % Hispanic, and 14 %
African-American women, Richardson also found that
women were extremely tolerant of body changes. Of the 63
women studied, 70 % indicated changes in body experience,
and of these, 80 % described these changes as satisfactory
[52]. In a UK study comparing Black and White women,
using the Stomach Focus dimension of the Body Focus and
the Body Distortion Questionnaire, Harris [53] reported that
over the course of pregnancy, White women were more
aware of their stomachs at 9 months and least aware of their
stomachs postpartum. However, this decrease in stomach
awareness following delivery was not observed among Black
women. In addition, the level of body distortion was similar
for both groups during the first trimester; however, at 9
months and postpartum, Blacks showed more body distor-
tion than Whites. Body distortion increased during preg-
nancy among Blacks, peaked at 9 months, and then fell to
slightly less than their first trimester scores. On the other
hand, body distortion decreased during pregnancy and most
dramatically to almost half their 9-month score following
delivery among Whites.

Determinants of Body Image During Pregnancy

Prepregnancy Body Image

Women who have had a positive body image prior to preg-
nancy seem to have a more positive attitude toward their
pregnancy bodies, while a negative body image prior to preg-
nancy seems to persist during pregnancy [49]. The conse-
quences of negative body image may include behaviors such
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as dieting, starving, and purging, and this is of great concern
since these behaviors are linked to adverse obstetric out-
comes, such as inadequate weight gain, premature delivery,
and low birth weight [36].

Prepregnancy Weight Status

In a study by Fox and Yamaguchi [46], pregnancy weight
status influenced body image during pregnancy. A sample
of pregnant women (n=76) provided qualitative data
through open-ended questions on how they felt generally
about their current appearance and body shape and if, how,
and why these feelings differed from prepregnancy feel-
ings. Among women with a normal weight before preg-
nancy, 62 % reported more body image dissatisfaction
during pregnancy, 19 % experienced less body image dis-
satisfaction, and 19 % experienced no change in body
image. On the other hand, among women who were over-
weight before pregnancy, 62 % experienced less body
image dissatisfaction, 23 % experienced more body image
dissatisfaction, and 15 % experienced no change. As such,
the thin body ideal may not be completely abandoned dur-
ing pregnancy.

Prepregnancy Eating Behaviors

Fairburn and Welch [35] explained the differences in response
to weight gain and shape on the basis of the woman’s pre-
pregnancy experience of being a dieter vs. a non-dieter and
her previous attitudes toward her shape. The previous non-
dieter group reported no feelings of concern about their
weight gain and shape change in pregnancy. However, past
dieters either had increased fears of weight gain or reduced
concern through a license not to worry. These results contrast
with Slade’s hypothesis [54] that weight gain and loss history
contributes to desensitization of concerns about bodily
changes during pregnancy, thus, suggesting that past dieters
would be more tolerant of weight gain.
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Psychological Factors

Body image satisfaction (BIS) during pregnancy not only
reflects a cosmetic assessment of appearance but may affect
the woman’s psychological and physical well-being. Several
studies show a significant correlation between psychological
characteristics and BIS during pregnancy [33, 48, 55, 56].
Anderson [55] reported that pregnant women who reported
more symptoms of depression had lower BIS than those
reporting fewer symptoms. In addition, Di Pietro et al. [56]
showed that women who were more satisfied with their bod-
ies during pregnancy showed fewer negative mood symptoms
and less anger. In studies conducted by Duncombe et al. [33]
and Clark et al. [48], the correlation between depressive
symptoms and body image dissatisfaction persisted through-
out pregnancy when measured prospectively at three and five
time points during pregnancy.

Physical Activity

The link between exercise and body image is well established
in the general population [57]. Evidence from previous stud-
ies indicates that there is a bidirectional relationship between
exercise and body image. Individuals engage in exercise to
reduce body image dissatisfaction, and engagement in exer-
cise reduces body image dissatisfaction [57]. However, there
is a small body of evidence concerning the relationship
between exercise and body image satisfaction in pregnant
women [47, 51, 58]. In a small pre-post quasi-experimental
study, Marquez-Sterling et al. [58] found improvement in
body satisfaction following an intervention consisting of 1 h
exercise training sessions for a duration of 15 weeks among
previously sedentary pregnant women compared to the con-
trol group. In another study, Boscaglia [47] compared high
exercisers and low exercisers during pregnancy and assessed
BIS prepregnancy retrospectively, at 15-22- weeks’ and 23-30
weeks’ gestations. High-exercising women were found to be
significantly more satisfied with their bodies at 15-22 weeks
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compared to low-exercising women. Relative to their pre-
pregnancy body image, high-exercising women were signifi-
cantly more satisfied with their body image at 15-22 weeks’
gestation and tended to be more satisfied at 23-30 weeks’
gestation. No similar pattern was observed for low-exercising
women, whose BIS remained relatively stable from prepreg-
nancy to later pregnancy. As such, there seems to be a benefit
of moderate levels of exercise particularly in the early phases
of pregnancy.

In contrast, Goodwin et al. [S1] compared body image sat-
isfaction of 25 exercisers and 18 non-exercising pregnant
women at several time points during pregnancy. For both
groups, body image satisfaction ratings prepregnancy were
more positive than early pregnancy ratings. There were no
differences between groups at any of the time points mea-
sured (prepregnancy, 17 weeks, and 30 weeks). However, the
exercising group had more positive ratings compared to the
non-exercise group on combined waist, hips, bust, and abdo-
men subscales of the Body Cathexis Scale at 30 weeks’ gesta-
tion. Several studies have suggested that women who exercise
regularly throughout pregnancy retain a positive attitude
toward their changing bodies as pregnancy progresses.
Moreover, exercise may function as an adaptive strategy such
that any potential body dissatisfaction due to weight gain is
counteracted by general positive feelings about the body due
to exercise. Walker and Freeland-Graves [59] posit that exer-
cise may help avoid excessive weight gain and thus reduce
weight distress and body dissatisfaction during pregnancy
and postpartum.

Body Image Postpartum

Several studies indicate that one main concern of recent
mothers during the postpartum period is the return to her
normal/prepregnancy size; a summary of these studies is pre-
sented in Table 7.2. Studies of women’s postpartum body
image have yielded mixed results with some finding that
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women are more dissatisfied during postpartum compared to
during pregnancy [60-62] and that body image dissatisfaction
increases during postpartum [63], while other studies have
observed that women felt more positive about their postpar-
tum body image than their pregnant body image [31]. There
are a small number of studies examining body image during
postpartum, and most of these included minority women in
their study population.

Rallis et al. [62], in a small Australian study, found that
women in the first-year postpartum felt fatter and less strong
and fit and had greater body image dissatisfaction compared
to their reports during pregnancy. Even though women are
larger in size in their third trimester of pregnancy than during
postpartum, they still reported higher body image dissatisfac-
tion during postpartum. In this study, body image was assessed
at three time points during the postpartum period. At 6 weeks
postpartum, women seemed to perceive their size in the con-
text of the recent pregnancy and are not yet too concerned
about the weight gained during pregnancy and returning to
their prepregnancy size. Nonetheless, women reported feeling
the heaviest at 6 months postpartum, even though they
weighed less than they did at 6 weeks postpartum and the
discrepancy between the stable ideal body size and their
actual body size decreased. These results suggest that the tem-
porary reprieve of pressure to conform to the ideal during
pregnancy is eliminated and returns during the postpartum
period. Similarly, one study [63] in a diverse US sample
(n=506) with 17 % African-American and 67 % White women
examined the progression of body image dissatisfaction over
time during the postpartum period. On average, women lost
10.1 Ib (s.d. 16.3) from 0-1 to 9 months postpartum but
remained on average 5.4 1b (s.d. 15.6) heavier at 9 months
postpartum compared to prepregnancy. Body image dissatis-
faction increased significantly from 0-1 to 9 postpartum. Body
image dissatisfaction was significantly associated with over-
eating, higher current weight, poor mental health, single status,
race other than African-American, bottle-feeding, and parity.

Walker et al. [59] examined the association between
the method of feeding (bottle vs. breast) and body image
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dissatisfaction and found no significant difference in a diverse
sample (n=207 with 73 % White, 19 % Hispanic, and 8 %
others). However, in the bottle-feeding group, body image
dissatisfaction was significantly associated with weight gain,
but this association was not observed in the breastfed group.
In another publication [64], text data from this study sample
suggests that some women who were breastfeeding may
minimize or repress their feelings about their weight and,
thus, report lower body image dissatisfaction.

Three studies on body image postpartum were conducted
in African-American populations. Morin [65], in small sample
of 45 African-American women who were assessed 24-48 h
postpartum, found that these women had slightly positive
attitudes about their bodies immediately postpartum.
Similarly, in the Active Mothers Postpartum (AMP) study
[66], the authors, in a sample of 162 participants, compared
African-American and White women postpartum. They
found that although African-American women had higher
mean body mass index [BMI], there was no difference by
race in current perception of body image. Although African-
American women selected heavier figures as ideal compared
to Whites, this difference did not achieve statistical signifi-
cance. However, for ideal mother image, there was a signifi-
cant race difference with African-American women selecting
heavier figures compared to White women. Both groups
experienced some level of body image dissatisfaction when
their current body image was compared with the ideal image
and the ideal mother image. On average, for both groups,
body image dissatisfaction was lower when the current body
image was compared with the ideal mother image, suggesting
greater satisfaction with a larger size as a mother. However,
African-American women had significantly lower mean body
dissatisfaction than White women indicating a greater degree
of satisfaction with a larger size. This difference persisted
even after adjustment for age, BMI, education, income, mari-
tal status and interactions terms. In a sample of low-income
African-American women interviewed between 0 and 6
months postpartum, Boyington [67] reported that over 75 %
exhibited dissatisfaction with current body size and 55 %



148 T.L. Carson et al.

perceived that they were too large and wanted to lose weight.
Similarly, Morin [68], in a study of predominantly African-
American women within the first 48 h postpartum, reported
that women with higher BMI had a more negative view of
their body as reflected by a higher score on the Attitude to
Body Image Scale [ABIS] [31]. These results are not consis-
tent with reports indicating that African-American women
have lower body image dissatisfaction when compared to
their White counterparts [69].

Strategies to Improve Body Image During
Pregnancy and Postpartum

Health professionals working with pregnant women have an
opportunity to help them adapt to their changing bodies in
positive, healthy ways. To accomplish this, they need to create
an environment conducive to sharing of feelings and experi-
ences. It is important that health practitioners do not mini-
mize patient’s concerns about their changing bodies. Instead,
practitioners should be able to discern when a woman is hav-
ing a difficult time accepting changes in her body that accom-
pany pregnancy and assist with the development of coping
strategies for adapting to a woman’s growing body. Several
strategies have been noted, for example, support groups for
networking with other pregnant women have been successful.
Another strategy has been to encourage women to treat
themselves periodically to something special. When women
take the time to look their best during pregnancy, others
respond to them in a positive manner. In this way, the preg-
nant woman’s body image improves. Exercise programs
designed especially for pregnant women have been shown
not only to reduce stress but also to improve body image. In
summary, given the dramatic physical changes during preg-
nancy and postpartum, and the importance of body image to
both maternal and neonatal health, these may be opportune
times for interventions to address body image dissatisfaction.
However, given the paucity of evidence, limited prospective
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data, and the lack of diversity in study populations, our
understanding of body image during pregnancy and postpar-
tum is limited. As such, there is a need for further research in
diverse populations so that racial/ethnic differences in body
image during pregnancy and postpartum can be better
understood.

Moreover, intervention strategies for body image have
been investigated primarily among persons with eating disor-
ders. One study [70] found that the importance of appearance
typically decreased with age in women, and other studies
have indicated that engaging in cognitive reappraisal, an
active process to accept aging changes, was associated with
lower levels of body dissatisfaction [71, 72]. In addition, stud-
ies of cognitive behavioral therapy (CBT)-based interven-
tions for body dissatisfaction and disordered eating in young
women have shown clinically significant reductions in body
dissatisfaction [73, 74]. Finally, engagement in body manage-
ment or self-care (relaxation, massage, making time for exer-
cise) was reported to be associated with less concern about
shape and weight among midlife women [72]. Perhaps these
strategies could be used to inform interventions to promote
the acceptance of body changes during pregnancy and
improve body image during pregnancy and postpartum.

Weight loss has been associated with improvement in body
image in several populations [75-77]. However, the expected
improvement in body image as a result of weight loss may be
less than expected, since it is not uncommon for participants
in weight loss programs after having lost weight to still be
dissatisfied with their bodies. Nonetheless, weight loss pro-
grams tailored for women during postpartum may improve
body image. Although several weight loss intervention stud-
ies targeting postpartum women are in progress, body image
is not usually assessed [78].

Improved understanding of body image during pregnancy
and postpartum in ethnically diverse populations, along with
lessons learned from the eating disorder literature, can facili-
tate the development of culturally tailored interventions
which may be effective among specific racial/ethnic groups.
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Further research is needed to facilitate the development of
evidence-based clinical interventions for promoting a healthy
body image during pregnancy and postpartum by health-care
professionals working with women during this life stage.
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Chapter 8

Promoting a Healthy Weight
After Delivery

Alexander Berger and Wanda Nicholson

“If I don’t lose weight, that puts me at high risk for heart disease,
heart attacks and stroke,” FIRST WIND Trial participant, 2008. [1]

Abstract There are over 1.4 million overweight or obese
women who become pregnant each year in the United States.
The postpartum period may be a critical period for postpar-
tum weight retention, long-term weight gain, and chronic
obesity for young women. Achieving a healthy weight after
delivery in women who were overweight or obese prior to
pregnancy should be possible, but will require the use of rel-
evant, evidence-based lifestyle interventions. There is a lack
of consensus from medical and public health policy organiza-
tions about how lifestyle interventions should be implemented
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in the postpartum period. Differences in recommendations
may be due in part to limited and inconsistent evidence of
the effectiveness of postpartum interventions on weight loss.
Larger-scale trials with rigorous methodology, diverse study
samples, and consistent outcome measures are needed to con-
firm intervention effectiveness in the postpartum period. The
translation and dissemination of evidence-based interventions
to high-risk populations deserves further attention.

Keywords Postpartum care ® Lifestyle modification ¢ RE-AIM
framework e Lifestyle interventions

Key Points

e Few women return for their postpartum visit at 6-8
weeks after delivery, limiting the ability of their provid-
ers to communicate about weight loss after delivery.

e There are few published trials comparing weight loss
interventions in the postpartum period; few trials use
evidence-based lifestyle components.

e The RE-AIM framework is an established model for
assessing the sustainability of community-based life-
style interventions.

e The Chronic Care Model may be a reasonable
framework to translate lifestyle interventions into
routine postpartum care.

Introduction

Based on current estimates, there are over 1.4 million over-
weight or obese women who become pregnant each year in
the United States [2-4]. Helping women to prepare for the
postpartum [5-8] and to achieve a healthy weight after deliv-
ery [9] continues to be an important challenge for clinicians
within the current US model of care. The postpartum period is
generally defined as the 6- to 8-week period after delivery. The
interconception period refers to the time between pregnancies,
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including, but not restricted to, the postpartum period [10]. In
many clinical trials and public health reports, the interconception
period is referred to as the time frame from delivery to 12-18
months after the birth of an infant. Throughout this chapter, we
use the term postpartum broadly to include the standard 6- to
8-week postpartum period and the interconception period.

Using established frameworks, such as RE-AIM or the
Chronic Care Model, may help to facilitate the integration of
a standard postpartum care model for overweight or obese
parturients into the current health system.

Importance of the Postpartum Period

The postpartum period may be a critical period for postpartum
weight retention, long-term weight gain, and chronic obesity for
young women [3, 4]. Physiological changes of childbirth and
sedentary behaviors related to parenting contribute to weight
retention and weight gain [11, 12]. Compared with weight gain
during other life intervals, excess weight retained after childbirth
appears to be particularly harmful, as postpartum weight accu-
mulates centrally rather than peripherally, increasing the risk of
developing the chronic disease [13, 14]. Although it is well rec-
ognized that the time period after delivery represents a unique
opportunity [15] to initiate weight management interventions or
to continue interventions that began during pregnancy (Chap. 4),
there are relatively few opportunities for ongoing patient-clini-
cian communication after delivery. Insurance coverage for post-
partum or interconception care, including third-party payers and
Medicaid, ends at 6-12 weeks after delivery. The postpartum
visit, which often occurs within a busy clinical practice, focuses
primarily on contraception and lactation. Recent estimates show
that only 50 % of women, independent of socioeconomic status
or insurance, return for the postpartum visit [16], therefore miss-
ing an important opportunity to communicate with their provid-
ers about important lifestyle modifications after delivery.
Achieving a healthy weight after delivery in women who
were overweight or obese prior to pregnancy should be pos-
sible, but will require the use of relevant, evidence-based
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lifestyle interventions [5, 6]. Also, given the one brief postpar-
tum visit, interventions will need to be widely disseminable in
order to be deemed successful. In this chapter, we summarize
current global recommendations for postpartum weight man-
agement and review the findings of seven fair-to-good pub-
lished studies on the effectiveness of diet and physical activity
interventions to prevent postpartum weight retention, high-
lighting current gaps in our knowledge of the best practices
for postpartum weight management. Finally, we propose an
agenda for future research to improve the development and
testing of evidence-based models of care.

Recommendations for Postpartum
Weight Management

Global recommendations for postpartum care for overweight
and obese women vary widely. The American Congress of
Obstetricians and Gynecologists [17] provides general rec-
ommendations for postpartum physical activity, but there
are no current evidence-based guidelines for dietary or exer-
cise interventions and no recommendations in the United
States that specifically target women who were overweight
or obese prior to pregnancy (Table 8.1). The most recent
recommendation supports the gradual resumption of pre-
pregnancy exercise activities in those women with uncompli-
cated pregnancies and provides reassurance that moderate
physical activity does not interfere with the quality of milk
production or neonatal weight. ACOG does not make spe-
cific guidelines for nutritional intake, but clinicians are
encouraged to provide their patients with information about
healthy eating, and a list of resources is available through the
ACOG Resource Guide — Nutrition and Physical Activity to
Address Overweight and Obesity (http://www.acog.org) [18].
The Canadian Society for Exercise Physiologists [19] recom-
mends the generally healthy women to return to their normal
exercise program after receiving medical clearance at the
6-8-week postnatal visit.
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Current recommendations for postpartum dietary interven-
tions and physical activity interventions in the United Kingdom
were developed by the National Institute for Health and Clinical
Excellence (NICE) [20]. NICE recommendations are developed
based on available evidence of effectiveness (including cost-
effectiveness), fieldwork data, and incorporating the perspectives
of multiple stakeholders (e.g., patients, clinicians) and experts.
The recommendations include components of effective aspects
of care for obesity in general and identify key dietary, exercise,
and behavioral principles, such as eating a low-fat diet, encourag-
ing regular physical activity, and identifying and addressing bar-
riers to behavioral change. In slight contrast to ACOG, NICE
provides specific recommendations for postpartum counseling
and support to prevent weight retention in overweight or obese
women (Table 8.1). NICE recommends that clinicians discuss the
need for weight loss with all postpartum women and expand the
discussion to include the adverse effects of maternal obesity on
pregnancy outcomes for any future pregnancy. Clinicians are
encouraged to provide ongoing counseling with their practice or
to refer the patient to a dietary expert for further behavioral
modification. If patients have not yet committed to making life-
style modifications, it is recommended that clinicians provide a
6-month follow-up visit to reevaluate the patient’s readiness for
weight loss. Of particular relevance are the NICE community-
based service guidelines. These guidelines encourage communi-
ties to create and sustain affordable recreational exercise
facilities and to increase the availability of cost-efficient healthy
foods. Also, the NICE provides guidelines for health profession-
als to improve their ability to talk with their patients about
weight loss and to provide dietary and exercise counseling. The
NICE recommendations are continually updated based on avail-
able evidence for effectiveness and expert review.

Evidence for Postpartum Interventions
to Promote Weight Loss

Interventions that integrate exercise and dietary changes
have been shown to achieve weight loss in middle- and older-
aged adults [PREMIER [6], Well-Integrated Screening and
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Evaluation for Women Across the Nation (WISEWOMAN)
[21], Diabetes Prevention Program (DPP) [22]], though evi-
dence for their efficacy in postpartum women is limited. The
paucity of recommendations for postpartum care in the
United States may be due, in part, to the small number of
clinical trials that compare the effectiveness and safety of
dietary and exercise interventions, small sample size, limita-
tions in study design, and a lack of participants that are gen-
eralizable to diverse populations of US women. Reducing
postpartum weight retention can decrease the proportion of
women that develop pregnancy-related hypertension or ges-
tational diabetes in a subsequent pregnancy. Alternatively, if
women have completed childbearing, reducing postpartum
weight retention can lower the risk of long-term metabolic
abnormalities or cardiovascular disease. The PREMIER trial
was a National Heart Lung and Blood (NHLBI)-funded
intervention designed for adults with Stage 1 hypertension.
The intervention was successful in lowering blood pressure
and was also found to lower weight. The Diabetes Prevention
Program [5] was a clinical study sponsored by the Centers for
Disease Control and Prevention (CDC). Subsequent trials
have focused on translating these interventions into various
settings [23]. Administered through the CDC’s Division for
Heart Disease and Stroke Prevention, the WISEWOMAN
program [21] provides low-income, underinsured, or unin-
sured women, age 40-64, with lifestyle intervention and refer-
ral services in an effort to prevent cardiovascular disease.
We conducted a review of clinical trials comparing diet
and exercise interventions for the reduction in postpartum
weight retention. Our goal was to identify fair-to-good qual-
ity RCTs based on the United States Preventive Services
Task Force quality criteria [24] and to assess studies for the
use of evidence-based intervention components proven
effective in general populations. Twelve trials [25-35] pub-
lished between 1998 and 2011 met the quality criteria
(Table 8.2). Eight trials were conducted in the United States,
one in Taiwan [31] and one in Honduras [26] and one in
Greece [23] and the United Kingdom [32]. The trials also
compared different types of interventions using different
modes of delivery. Seven trials compared an in-person diet
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and exercise intervention to standard postpartum care. Three
trials compared the effects of exercise interventions to stan-
dard postpartum care; two were supervised while one was
self-directed. One trial compared the effect of individual
dietetic counseling and facilitated group sessions with stan-
dard postpartum care. The mode of delivery of the interven-
tions varied from mail correspondence to in-person individual
and group sessions to telephone follow-up.

The enrollment period for the 12 trials ranged from 1 day to 6
months after delivery. The duration of the interventions was 3-9
months. No trials included evidence-based intervention compo-
nents. Only three trials reported the percentage of African
American participants [29, 33, 36]. Ostbye and colleagues [29]
reported that African American women comprised 45 and 44 %
of the intervention and standard care groups, respectively. One
trial reported 3.5 % of the 40 participants as African American
women [30]; another trial reported one African American
woman among 40 enrollees [33]; two studies [32, 34] included a
small number of nonwhite participants, but the specific racial/
ethnic groups for participants were not reported.

There were inconsistent results among the seven trials [29-35]
comparing the effect of a postpartum diet and exercise interven-
tion to standard postpartum care on weight (Table 8.2). Five trials
[30, 32-35] reported greater postpartum weight loss among
women in the intervention group compared to those in the usual
care group. One study reported no statistically significant differ-
ences in weight. In the largest trial by Ostbye and colleagues [29]
(N=450), there were no statistically significant differences in
mean weight loss between the intervention and usual care
groups. Leermakers and colleagues [34] found a statistically sig-
nificantly higher percentage weight loss (10 % versus 5.8 %;
p<0.04) among women in the intervention group compared to
those in the control group. Also, there were a higher proportion
of women returning to their prepregnancy weight (33 % versus
11.5 %, p<0.05) in the intervention group versus the standard
care group. There were no statistically significant differences in
abdominal circumference between women in a diet and exercise
intervention and those in usual care. In a small trial, Davenport
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and colleagues [35] reported statistically significantly lower
waist-to-hip ratios in women receiving a diet and exercise inter-
vention compared to usual care.

Further research is needed to determine the effectiveness
of postpartum intervention on weight and measures of adi-
posity (e.g., waist circumference, skinfold thickness) and to
increase our understanding of which single or combinations
of components are most effective in postpartum women.
Large-scale studies that include a diverse sample of partici-
pants, improved adherence to intervention protocol, and
consistency in outcome measures can provide better insight
into the effectiveness of intervention. Further, studies should
include an examination of harms including effects on both
the mother and infant child. Such studies can inform the
development of postpartum care guidelines tailored to over-
weight or obese women. The LIFE-Moms Consortium [37],
sponsored by NIH, consists of six ongoing large studies of
pregnancy and postpartum interventions. Findings from these
ongoing studies should address some of the existing gaps in
our knowledge and inform postpartum care guidelines.

Proposing an Agenda for Future Research

Future research in postpartum care for the overweight or
obese parturient might focus on the integration of existing
clinical models of care and the ability to disseminate inter-
ventions with proven efficacy. The Chronic Disease Model
and the RE-AIM framework represent existing strategies
that might be applied to the care of overweight and obese
women during the perinatal period.

Applying the RE-AIM Framework to Research
on Postpartum Interventions

The four RE-AIM dimensions allow for a standard set of
evaluation parameters that can be used to quantitatively
evaluate each project. These four dimensions can be used to
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guide planning, development, and testing of population-based
interventions for overweight and obese women. While well
established within the public health community, the RE-AIM
framework has broad applicability to the 1.4 million over-
weight or obese women who become pregnant each year. The
RE-AIM framework is particularly relevant to the topic of
postpartum weight retention and prevention of obesity
because it provides flexibility for clinicians and researchers to
modify the framework to relate to their specific target popula-
tion, recruitment and outreach approaches, efficacy, adoption,
implementation, and maintenance. Given the multiple settings
in which women may receive care after delivery (private
medical office, health department, hospital-based clinic), a
general framework that can be modified for specific popula-
tions and settings can be useful in designing dissemination
studies. The Weight Loss After Delivery (Fig. 8.1) project was
a feasibility study conducted among African American women
in West Baltimore to promote postpartum weight loss. The
intervention adapted evidence-based components of
PREMIER and the Diabetes Prevention Program for use in
postpartum African American women who had been over-
weight or obese at the time of conception. In Phase 1, a pilot
trial was planned and conducted in preparation for a larger-
scale comparative effectiveness trial. To promote the reach of
the intervention, the target population for First WIND was
postpartum African American women living in West Baltimore
City. Statewide data had shown large disparities in overweight
and obesity in Baltimore City compared to other areas of
Central Maryland and particularly large disparities in obesity
and the associated morbidities in African American women in
the area. A series of focus groups were conducted with preg-
nant and postpartum African American women to effectively
adapt the components of PREMIER to this specific popula-
tion. Planning for the feasibility study included multiple meet-
ings with community-based obstetrical practices in the West
Baltimore area. Additional discussions were held with the
Chief of Obstetrics and Gynecology at the community-based
hospitals in which labor and delivery services took place in



Chapter 8. Promoting a Healthy Weight After Delivery 177

Identify recruitment setting to reach target
population: community-based practices in West
Reach Baltimore with postpartum African American women

Y

Meetings with community Conduct focus groups to adapt
- obstetrical practices. develop multi-component weight
Adoption Presentations at the community loss intervention tailored to
hospital where patients delivered target group

Y

Baseli Baseline assessment of study sample:| | Recruitment of representative

clinical variables  Depressive symptoms [—| sample of women attending
HRQOL weight Blood pressure these practices

Usual postpartum care Usual Postpartum Care+ Intervention
(n=25) Health Educator (n = 25)

Heal Health educator trained in PREMIER
components and those adapted for First WIND

'

Settings: In-person visits, telephone follow-ups, in-
person group sessions

Multiple outcomes (baseline, 6 months): Weight
(kg), percent change, BMI, mental health, blood
pressure, physical activity

Implementation |

Efficacy

Maintenance +

Planning for a Phase 2 comparative effectiveness
and cost-effectiveness study

Ficurk 8.1 Using the RE-AIM framework to assess the sustainabil-
ity of the First WIND intervention (Adapted from Nicholson WK,
Ghosh P, Grogan R, Dalcin A, Charleston J, Appel LJ. Translating
PREMIER for use in postpartum women (pending publication))

order to promote adoption of the intervention by clinicians
and the broader health community. The investigative team
presented the final plans for the study at the community hos-
pital’s monthly grand rounds, where clinicians were able to
make additional suggestions and modifications to the research
plan. To test the preliminary effectiveness of the intervention,
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30 postpartum women were randomized to the adapted inter-
vention (First WIND) or usual care. Women randomized to
the usual care + intervention received a 6-month postpartum
intervention, consisting of 5 individual sessions with a health
educator and 10 group sessions facilitated by the health edu-
cator in a community setting. Women randomized to usual
care received a series of informational brochures. A key phase
of implementation will be the training of health educators, the
interventionists who have previously undergone training in
participatory methods and received additional sessions on
implementing the adapted components to postpartum women.
Several outcomes were planned at 6 months, including weight,
systolic and diastolic blood pressure, mental health, and
weekly minutes of physical activity to determine preliminary
efficacy. Analysis included comparison of outcomes between
the usual care and intervention groups. Planned process out-
comes included logistical barriers to intervention implemen-
tation, participant adherence to study protocol, and staff and
participant behaviors. Assessment of clinical and process out-
comes is the next step in planning for a larger comparative
effectiveness study to set the stage for sustainability or main-
tenance of the intervention within the study community.

A potential theoretical approach to creating effective post-
partum care in the overweight or obese parturient is the
Chronic Care Model. This model acknowledges the importance
of multiple community, health system, and individual level fac-
tors (Fig. 8.2) [37-39]. Building from this model, clinicians and
public health officials can rigorously engage other community-
based providers, including behavioral interventionists, dieti-
cians, exercise physiologists, and lifestyle coaches to assist
patients with the important lifestyle modifications necessary to
reach their weight loss goals. The Chronic Care Model is par-
ticularly relevant to reducing postpartum weight retention
because it includes condition-specific decision support and
general skill building around prevention. Interventions that
share success similar to other interventions based on this model
have the potential to provide significant improvements in over-
all health in preparation for a future pregnancy and for long-
term health.
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Community

Concordant
postpartum care

Health

Overweight or obese
postpartum women

¥ N
Patient Support

Provide

Qutreach

Prepared Clinician Informed activated
postpartum

Ficure 8.2 The Chronic Care Model applied to postpartum care for
women at risk for long-term obesity and development of chronic disease

Postpartum weight retention or weight gain is major problem
that has received scant attention. Additional efforts are needed
to design and test interventions that are readily scalable, able to
be implemented in a variety of institutional settings (e.g., perina-
tal programs, large clinics, HMOs), and applicable to overweight
or obesity postpartum women and easily accessible.
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Those who think they have not time for bodily exercise will
sooner or later have to find time for illness.
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determinants and outcomes of physical activity participation
among pregnant and postpartum women, recognize the scant lit-
erature pertaining to overweight and obese women, and inform
next steps in practice, prevention, and research. We discuss (a)
physical activity guidelines; (b) prevalence rates of physical activ-
ity during pregnancy and postpartum; (c) determinants, health
outcomes, and critical gaps in the literature of pre- and postnatal
physical activity; and (d) recommendations for research and
practice to facilitate physical activity initiation, motivation, and
maintenance across the transition to motherhood.

Keywords Exercise ® Recommendations ¢ Pre- and postna-
tal periods ¢ Health

Key Points

e Most pregnant and postpartum women fail to meet
national guidelines for physical activity which may
elevate their risk for morbidity and contribute to the
intergenerational impact of obesity on their offspring.

e Several key determinants of physical activity behav-
ior in pregnancy and postpartum have been identi-
fied (e.g., education, income, social/emotional
support, attitude/beliefs, environmental influences);
however, these determinants are not well understood
among overweight and obese women and therefore
warrant future research attention.

e Prenatal physical activity may reduce negative health
outcomes such as gestational diabetes mellitus, pre-
eclampsia, excessive gestational weight gain, and post-
partum weight retention; however, currently there is
no “gold standard” intervention for effectively pro-
moting pre- and postnatal physical activity to consis-
tently reduce these adverse outcomes across women
of diverse socioeconomic and racial backgrounds.

e Future attention in research and practice is needed to
promote and disseminate the physical activity guidelines
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in clinical care, better understand how to motivate
overweight/obese pregnant and postpartum women to
engage in physical activity, and identify practical, safe,
and effective physical activity intervention strategies.

Statement of the Problem

The majority of pregnant and postpartum women do not
achieve the minimum physical activity recommendations
from either the United States (US) government [1] or the
American College of Obstetricians and Gynecologists
(ACOG, later “College” became “Congress”); [2] this is of
concern, given that physical activity during pregnancy is asso-
ciated with improved weight control and maintenance of fit-
ness as well as possible reduced risk of gestational diabetes
and improved psychological functioning [2-4]. Women who
are active in postpartum tend to have less anxiety, depression,
lactation-induced bone loss, and urinary stress incontinence,
as well as improved cardiovascular fitness and psychological
well-being [1, 4-6].

Physical Activity Guidelines

In 1949, the US Children’s Bureau issued a standard recom-
mendation for prenatal Physical activity (PA): In the absence
of maternal complications, pregnant women can continue
housework, gardening, daily walks (up to 1 mile in several
short bouts), and even swimming occasionally but should
avoid sports participation [7, 8]. Moderate PA formed the
basis of prenatal exercise programs of the 1970s and 1980s,
which were highly specific and focused mainly on improving
maternal fitness and easing labor and delivery.

ACOG issued their first guidelines for prenatal physical
activity in 1985 [9]. These guidelines were based on the con-
sensus opinion of a panel of obstetricians and endorsed the
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safety of most aerobic physical activity but advised caution
with high-impact activities, such as running. The guideline
included restrictions for exercise duration (not longer than 15 min
for strenuous activity), heart rate (not greater than 140 beats/
min), and core body temperature (not greater than
100.4 °F/38 °C). These specific parameters for exercise were
dropped in later versions of the ACOG guidelines, updated in
1994 [10] and 2002 [2].

The 2002 guidelines recommended at least 30 min of mod-
erate exercise per day on most, if not all, days of the week,
provided that there are no medical or obstetric complications.
They suggest that participating in a wide range of recre-
ational physical activities is safe and included guidance for
absolute and relative contraindications to exercise (Table 9.1)
and warning signs to terminate exercise (Table 9.2).

In 2008, the US government [1] released the “Physical
Activity Guidelines for Americans” which included a section
focused on pregnant women. They recommended at least
150 min of moderate-intensity aerobic physical activity per
week for pregnant women who were not already highly active
or doing vigorous-intensity physical activity and without
obstetric/medical complications. This report also put forward,
for the first time, guidelines for vigorous-intensity aerobic
physical activity, stating that “pregnant women who habitually
engage in vigorous-intensity aerobic activity or are highly
active can continue physical activity during pregnancy and the
postpartum period, provided they remain healthy and discuss
with their healthcare provider how and when activity should
be adjusted over time” ([1], p. 42). They provided strong scien-
tific evidence for the safety of moderate-intensity physical
activity, stating that it does not elevate the risk for low birth
weight, preterm delivery, or early pregnancy loss. Moreover, it
highlighted the growing but yet inconclusive evidence that
physical activity can reduce the risk of pregnancy complica-
tions (e.g., preeclampsia, gestational diabetes mellitus) and the
length of labor. Both the ACOG and United Status Department
of Health and Human Services (USDHHS) guidelines speci-
fied specific activities pregnant women should avoid, such as
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TaBLE 9.1 Absolute and relative contraindications to aerobic exercise

from the ACOG (2002) guidelines

Absolute contraindications

Relative contraindications

Hemodynamically significant heart
disease

Incompetent cervix/cerclage

Multiple gestation at risk for
premature labor

Persistent second- or third-
trimester bleeding

Placenta previa after 26 weeks’
gestation

Preeclampsia/pregnancy-induced
hypertension

Premature labor during the current
pregnancy

Restrictive lung disease

Ruptured membranes

Chronic bronchitis

Poorly controlled type 1
diabetes mellitus

Extreme morbid obesity

Extreme underweight

Heavy smoker

History of extremely sedentary
lifestyle

Orthopedic limitations

Poorly controlled hypertension

Poorly controlled seizure
disorder

Poorly controlled
hyperthyroidism

Severe anemia

Unevaluated maternal
cardiac arrhythmia

Intrauterine growth restriction
in current pregnancy

See page 172 of the ACOG (2002) guidelines [2]

the supine position during exercise during the second and third
trimester. These recommendations are summarized in Table 9.3.

Recent calls have been made for ACOG to update their
2002 prenatal physical activity guidelines in light of the growing
body of research on maternal prenatal physical activity over the
past decade [11]. Revisions are needed that could provide
greater specificity by defining moderate-intensity physical
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TABLE 9.2 Warning signs  Warning sign
to terminate exercise

Vaginal bleeding
from the ACOG (2002)
guidelines Dyspnea prior to exertion
Dizziness
Headache
Chest pain

Muscle weakness

Calf pain or swelling (need to rule
out thrombophlebitis)

Preterm labor

Decreased fetal movement

Amniotic fluid leakage

See page 172 of the ACOG (2002)
guidelines [2]

TaBLE 9.3 Specific physical activities or positions to avoid during
pregnancy

Activities or positions to avoid during pregnancy

Supine position (on back face up) during exercise after the first
trimester

Motionless standing
Contact sports (i.e., soccer, basketball)

Activities with a high fall risk (i.e., skiing, vigorous racquet sports,
horseback riding)

Scuba diving

High altitude exercise (>6,000 ft)
Note: Referenced in ACOG [2] and USDHHS [1]

activity, addressing the specific weekly energy expenditure to
be attained, as well as clarifying the impact of incorporating
vigorous physical activity on maternal and infant health out-
comes. Also, in light of the increasing obesity epidemic world-
wide, updated physical activity guidelines are also needed to
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address the special issues surrounding obesity in pregnancy. In
particular, recent findings [12] indicate that fetal exposure in
utero to maternal obesity, excessive gestational weight gain, and
abnormal glucose tolerance critically influence the risk of sub-
sequent overweight/obesity in the offspring. This evidence
highlights the need for physical activity guidelines targeted to
overweight/obese pregnant women with the goal of reducing
the intergenerational impact of obesity [13].

In terms of postpartum physical activity, the consensus across
the guidelines is that prepregnancy physical activity routines
should be resumed gradually after giving birth, as soon as it is
medically and physically safe to do so [1,2]. In general, women are
able to return to their prepregnancy physical activity levels
approximately 6-8 weeks after a normal and healthy vaginal deliv-
ery and slightly longer after a cesarean delivery (i.e., following
medical approval from one’s health-care provider). The 2008 US
governmental physical activity guidelines for postpartum women
are the same as for the general population (e.g., at least 150 min
of moderate-intensity aerobic activity spread throughout the
week; [1]). There is no evidence to date that physical activity has
a negative impact on postpartum women’s health or negatively
affects breastfeeding behaviors.

Prevalence of PA During Pregnancy
and Postpartum

The US prevalence of physical activity during pregnancy
comes from surveillance studies that have relied on self-
reported physical activity (see Table 9.4). From the National
Health and Nutrition Examination Survey [14], pregnant
women reported an average of 0.6 h/week of transportation
activity, 1.6 h/week of moderate to vigorous household activ-
ity,and 1.8 h of moderate to vigorous leisure activity. A subset
of the leisure activities was classified as aerobic (mean 1.5 h/
week), accounting for 88.5 % of the proportion of hours/week
on aerobic exercise compared to all leisure activities. Pregnant
women were classified as meeting the recommendations [1] if



190 D.S. Downs et al.

yiuow jsed

Q) Ul [[e ‘AIIAT}OR QINSIA] SNOIOTIA
0} 9)eIopowt Aue payrodar o /¢
pue ‘A)1A130® P[OYasnoy snoIoJia
0} oje1opowt Aue pajrodar 9, $G
‘(Jooyos/yIom wWoOIJ/0} a°T) AJIATIOR
uonelrodsuery Aue pajrodar o, ¢z

08T'1

MATAI)UT UOSIad-uy

90026661

93 [RUOIIR]SAST 199[[0D J0U PI
$01qOIoR

pue ‘sde] Suruuims ‘Suruopred
£Q pamo[[0] ‘AITATIOR UOWWOD
JSOW 9y} St Juryem [YIm
‘puouu jsed o) ur A)1Anioe
aIns1o] Aue pajrodar (ppog ur)
uowom jueugaid Jo o, 99

000 Teak o) Ut 626°T

Kaains ouoydoyay,

0002 ‘8661 ‘9661 ‘+661
[6cT] TE 30

P3103[[0 JOU ISIOIOXD

Jo Aduanbaiy pue uoneinp
{(AI9AT[Op I93JE SyjUOU /|
93e10A®R U0) [[eda1 Jo porrad Fuoy
93k [eUOIIR)S3 J09]00 JoU PI(]

9SIDIOXA J1qOIok

pue Jurwims Aq pamor[oj
‘as1o1oxe rendod jsowr o)
sem Juryrem (Koueugord
3uLnp pue 910Joq FUISIOIOXD
pauodar o ¢¢ A[orewrxorddy

€566

Kaans ouoydolay,

8861

SUOT) eI |

synsoy
az1s ojdureg

UOT}O9[[0D
JO POUIOIN

polrodar sreax

[#1] uomn pue uosuoamy uos19){ ‘[67] 'Te 10 uosuoayg [sz] znaes pue Sueyz 0URIJOY

K9AINg uoT)RUTIUEXH WQ)SAS QOUR[[IOAING KoAIng yIBOH
uonINN pue Y)edy [BUOEN 1008 ST [BIOIARYDYE  JUBJU[ PUB [EUIOIBJAl [RUOTIEN oweu [[nj Apmis
SANVHN SSAdd SHINN wiuony

Koueugaid Sunmnp Aanoe [eorsAyd pejrodai-jjos jo sorpnis aoue[[roaIns SN jo Arewwng 6 a1avy,



Chapter 9. Obesity, Physical Activity, Pregnancy/Postpartum 191
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FIGURE 9.1 Weighted mean accelerometer minutes of moderate and
vigorous physical activity per day among US pregnant women
(From NHANES (2003-2006); Evenson et al. [16]. Open Access
Agreement)

they reported at least 150 min/week of moderate-intensity
aerobic activity. Overall, 14 % met the recommendation, and
when including vigorous activities, almost one-quarter (23 %)
met the recommendation for physical activity.

Self-reported physical activity is subject to social desirability
bias and misreporting due to the difficulties in recall [15]. In
addition, surveillance questions are often limited in number and
detail, sometimes missing key components of physical activity
behavior. In 2003, accelerometry was added to the NHANES
and included a sufficient number of pregnant women who wore
the accelerometer to be reported upon [16]. From 2003 to 2006,
359 pregnant women >16 years wore an accelerometer for
1 week. Women participated in a mean of 12 min/day of moder-
ate physical activity and 0.3 min/day of vigorous physical activity.
Mean moderate to vigorous physical activity varied by trimester:
12 min/day in first trimester, 14 min/day in second trimester, and
8 min/day in third trimester (see Fig. 9.1). On average, women
spent 57 % of their monitored time in sedentary behaviors. In
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multivariable adjusted models, moderate to vigorous physical
activity was higher in the first and second trimester compared to
the third trimester and among women with higher household
income compared to lower household income.

The prevalence of physical activity during postpartum is
less well understood, but a number of studies agree that the
absolute amounts are below recommendations for most
women [17-23]. One observational cohort study found that
while pregnant women decreased their physical activity from
17-22 weeks’ gestation to 27-30 weeks’ gestation, they did
increase their physical activity at 3 months postpartum [24].
At 12 months postpartum, physical activity was stable,
although the differing modes of activity that made up this
activity differed from the prenatal period. For example, while
indoor household activities that required at least moderate
effort declined during the postpartum period, care-giving
activities requiring at least moderate effort increased.

Review of Exercise During Pregnancy
and Postpartum: Determinants, Outcomes,
and Critical Gaps in the Literature

Determinants of Physical Activity in Pregnancy

Identifying determinants of prenatal physical activity is
essential to inform future intervention studies designed to
increase prenatal physical activity. However, such studies in
overweight/obese women are sparse. This is critical as previ-
ous studies have found lower levels of physical activity during
pregnancy among women who were overweight [25,26].In a
recent review, Gaston and Cramp [27] found that the rela-
tionship between weight or BMI and prenatal physical activ-
ity was conflicting. While some studies observed no association
between prepregnancy weight or BMI and physical activity
level during pregnancy, others found that women of greater
weight or BMI were 1.3-1.79 times more likely to discontinue
their involvement in physical activity after becoming preg-
nant. Similarly, recent findings from the Pregnancy, Infection,
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and Nutrition 3 Study (PIN3) found that women who were
overweight or obese prior to pregnancy were less likely to
perform any recreational physical activity in late pregnancy
as compared to lean women [28].

In general, two important sociodemographic factors
known to be positively associated with participation in prena-
tal physical activity are greater education and income
[27,29-31], whereas physical activity frequency and duration
are well documented to decline with advancing maternal and
gestational age [32]. Also, women with higher levels of social
support (e.g., perceived sense of accountability, support from
friends/family), informational support (e.g., how to safely and
effectively engage in prenatal physical activity), and emo-
tional support have higher physical activity levels. At the
environmental level, perceived community safety, the use of
physical activity as a means of transportation, access to child-
care, and access to trails, parks, and built environments that
are conducive to physical activity are also commonly cited
motivating factors [20, 23]. While studies have found that
physical activity levels are higher among nulliparous women
than among women with children [30, 31, 33], studies which
have included household/childcare in the assessment of
physical activity have found that women with children were
less likely to become inactive throughout pregnancy [34-37].

Determinants of Physical Activity in Postpartum

Studies evaluating the determinants of postpartum physical
activity are sparse. The existing studies suggest that women
with greater levels of prenatal physical activity and higher fam-
ily income are more likely to be active during postpartum [30].
Blum et al. [38] administered the Kaiser Physical Activity
Survey (KPAS) to 91 postpartum women in Maine and found
that women with older infants reported greater increases in
household/childcare physical activity and lower occupational
physical activity from prepregnancy to postpartum as com-
pared to women with younger infants. In general, women who
maintained or increased activity and/or sports participation
from prepregnancy to postpartum had better overall maternal
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well-being and significantly better perception of partner’s/
husband’s participation in childcare and support for maternal
role from family and friends, compared to women reporting no
or decreased activity participation. In another study, Hinton
and Olsen [39] reported that being married and the husband’s
physical activity frequency were positively associated with the
mother’s postpartum physical activity frequency.

Other qualitative and quantitative studies indicate a number
of barriers to physical activity during postpartum, including
physical discomfort, parenting duties, tiredness, lack of time, not
prioritizing their health over other competing responsibilities,
lack of spousal/partner support, social isolation, lack of child-
care, family responsibilities, higher number of children, financial,
neighborhood safety, and weather [17-23, 40-45]. These studies
also indicate a number of enablers to physical activity including
stress relief and increased energy, weight loss, social support, and
returning to work (corresponding with childcare) [17-19, 23, 38,
42,45-47]. Environmental enablers to physical activity have also
been described, such as access to safe places to walk and play
[40, 45]. While overweight/obese women may experience many
of these same barriers and enablers to pregnancy and postpar-
tum physical activity, research about the unique challenges these
women experience with engaging in physical activity before,
during, and after pregnancy is sparse.

Outcomes of Physical Activity in Pregnancy:
Gestational Diabetes Mellitus, Preeclampsia,
and Excessive Gestational Weight Gain

in Overweight/Obese Women

Gestational Diabetes Mellitus

Gestational diabetes mellitus (GDM) is one of the most com-
mon complications of pregnancy with a prevalence rate vary-
ing from 1 to 20 % depending on the population studied and
diagnostic criteria applied [48, 49]. Obesity increases the risk
of GDM [50, 51]. Indeed, there is evidence that the incidence
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of GDM may be increasing as the prevalence of obesity
among women of reproductive age increases [52-54]. GDM,
in turn, increases the risk of subsequent development of dia-
betes later in life, and this risk is even higher in obese women
[55]. Within 15 years of delivery, 70 % of obese women with
GDM, compared with 30 % of lean women, will go on to
develop type 2 diabetes [56]. GDM is also related to other
short- as well as long-term adverse health outcomes for both
mothers and their offspring such as maternal hypertensive
disorders, cesarean delivery, large-for-gestational-age birth,
neonatal hypoglycemia, and neonatal death [57]. In the long
term, offspring are at increased risk for obesity, glucose intol-
erance, and type 2 diabetes [58-60].

Prior observational epidemiologic studies have suggested
that prepregnancy physical activity may have a protective
role in GDM onset. A meta-analysis found a 55 % lower risk
of GDM for women in the highest prepregnancy physical
activity quartile compared with those in the lowest quartile
(pooled odds ratio [OR]=0.45,95 % confidence interval [CI]
0.28-0.75; p=0.002), as well as a 24 % lower risk of GDM for
women in the highest physical activity group during preg-
nancy compared with those in the lowest physical activity
group (pooled OR=0.76,95 % CI 0.70-0.83; p <0.0001) [61].

A recent Cochrane Review comparing the impact of
physical activity interventions to usual prenatal care [62]
found no significant difference in GDM incidence (three tri-
als, 826 women, risk ratio (RR) 1.10,95 % confidence interval
(CI) 0.66-1.84). In addition, none of the five included trials
which evaluated insulin sensitivity found significant differ-
ences. Of these studies, two were conducted among obese
pregnant women; however, both were small studies and only
one evaluated risk of GDM [63, 64]. In the first study, Ong
et al. [63] investigated the effect of a supervised 10-week
home-based exercise program, beginning at week 18 of gesta-
tion, on glucose tolerance and aerobic fitness in 12 previously
sedentary obese women. The control arm had reduced glu-
cose tolerance (higher blood glucose levels at 1 and 2 h of the
post-intervention oral glucose tolerance test) as compared to
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the exercise arm, although this was not statistically signifi-
cant. In the second study, Callaway et al. [64] randomized 50
obese women to an individualized exercise program with an
energy expenditure goal of 900 kcal per week (n=25) or to
routine obstetric care (n=25). While insulin resistance did
not differ between the groups, 73 % of women in the inter-
vention group achieved more than 900 kcal/week of exercise-
based physical activity at 28 weeks compared with 42 % of
women in the control arm. The review concluded that there is
limited randomized controlled trial evidence available on the
effect of physical activity during pregnancy for preventing
pregnancy glucose intolerance or GDM. Larger, well-
designed randomized trials, with standardized behavioral
interventions, are needed to assess the effects of physical
activity on preventing GDM. Seven trials are currently ongo-
ing (see Appendix 9.1) [62].

Preeclampsia

Hypertensive disorders of pregnancy affect approximately
8 % of pregnancies [65] and include preeclampsia (defined as
gestational hypertension with proteinuria) and gestational
hypertension (defined as new onset hypertension in preg-
nancy after 20 weeks’ gestation). Obesity increases the risk of
hypertensive disorders of pregnancy [54, 66]. For example, in
a large prospective cohort study in Washington State (the
Omega Study), Frederick et al. found that every unit increase
in prepregnancy BMI resulted in an 8 % increased risk of
preeclampsia, with overweight women having almost a two-
fold increased risk and obese women having over a fourfold
increased risk [67]. Consistent with this finding, a significant
decrease in risk of hypertensive disorders of pregnancy has
been observed when BMI decreases [68]. Hypertensive disor-
ders are the second leading cause of maternal mortality,
accounting for 19 % of pregnancy-related deaths for women
following a live birth and 20 % of pregnancy-related deaths
for women following a still birth [69]. Preeclampsia is associ-
ated with an increased risk of preterm delivery, neonatal
intensive care unit admission, and fetal death [70].
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A recent systematic review [71] found a trend toward a
protective effect of PA in the prevention of preeclampsia.
Specifically, while six case—control studies found that physical
activity had a protective effect on the development of pre-
eclampsia (OR=0.77,95 % CI 0.64-0.91), the ten prospective
cohort studies found no significant difference (OR=0.99,
95 % CI 0.93-1.05). The only randomized clinical trial found
that the incidence of preeclampsia was 14.6 % (95 % CI,
5.6-29.2) among the walking group and 2.6 % (95 % CI
0.07-13.8) among the stretching group [72].

Because overweight is an established risk factor for pre-
eclampsia, several of these studies evaluated whether physical
activity might be particularly beneficial for reduction of pre-
eclampsia risk in this group. In a cohort of 2,793 women in
Denmark, Hegaard et al. found that protective effect of recre-
ational physical activity on preeclampsia risk was strongest in
overweight women (OR=0.10, 95 % CI 0.02-1.2), although
not significantly so [73]. In contrast, in the Norwegian Mother
and Child Cohort Study, Magnus et al. found that the protec-
tive effect of exercise was absent among obese women
(OR=1.39, 95 % CI 0.83-2.32), although there was the
suggestion of a reduction in risk among overweight women
(OR=0.68,95 % CI 0.44-1.04) [74,75]. Rudra et al. found the
significant trend of decreased preeclampsia risk with increased
perceived exertion was apparent in both overweight and nor-
mal weight women [76].

Gestational Weight Gain

High gestational weight gain (GWG) is independently associ-
ated with postpartum weight retention and the long-term
development of obesity [77]. Indeed, GWG is the strongest
predictor for weight retention [78]. Overweight and obese
women are at particular risk for excessive GWG [79].
Because overweight is characterized by insulin resistance and
increased systemic inflammatory response [80], it is also asso-
ciated with increased risk of GDM and preeclampsia [81, 82].
Recent studies also indicate a relationship between high
GWG, an abnormal metabolic environment in utero, and
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increased risk of large-for-gestational-age infants, neonatal
death [57], and subsequent childhood adiposity and morbid-
ity [60]. There is observational evidence that physical activity
may be a modifiable risk factor for excessive GWG [77]. In
observational studies, vigorous physical activity, total physical
activity, and walking have been associated with a lower risk
of excessive GWG [83-85]. A recent systematic review of
randomized controlled trials comparing supervised prenatal
exercise intervention with routine standard prenatal care in
women who were overweight/obese during pregnancy found
that supervised exercise interventions were associated with
lower GWG (five trials, n=216 participants, mean difference
of —0.36 kg, 95 % confidence interval —0.64 to —0.09 kg) [86].
Furthermore, a systematic review of lifestyle interventions in
overweight/obese pregnant women to improve maternal and
perinatal outcomes [51] found that prenatal lifestyle interven-
tions in obese pregnant women reduce maternal pregnancy
weight gain (10 RCTs; n=1,228;-2.21 kg (95 % confidence inter-
val -2.86 kg to —1.59 kg)) although findings were not significant
for non-RCTs (six; n=1,534). Both the successful and
non-successful studies included those which were personalized,
individual-based, and combined physical activity with dietary
guidance. Degrees of weight gain restriction achieved were mod-
est overall, and all the trials were assessed to be of low to medium
quality [51]. Future studies are therefore needed to determine
the optimal intensity, duration, and type of exercise intervention
to reduce excessive GWG among pregnant women overall as
well as specifically among overweight/obese pregnant women.

Outcomes of Physical Activity During Postpartum

Overweight/obese women tend to retain more weight postpar-
tum because the majority of this group gains more weight dur-
ing pregnancy than is recommended, and therefore, there is
more weight to lose in postpartum [55, 78]. Weight loss can be
achieved in the immediate postpartum period [87], with studies
finding that both caloric restriction as well as physical activity
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are needed to reduce weight [88, 89] as compared to physical
activity interventions alone [90]. However, few intervention
studies have been specifically designed to reduce postpartum
weight retention in overweight or obese women [88-90)].

Lovelady et al. conducted a 10-week supervised exercise
and dietary program in overweight, exclusively breastfeeding
women. Women in the intervention group lost more weight
(4.8+1.7 kg vs. 0.8+£2.3 kg, p<0.001) and increased aerobic
fitness as compared with the control groups [88]. A second
study which randomized overweight women to an exercise
program and a structured diet found that the intervention
arm successfully lost weight and most maintained weight loss
by 1 year after delivery [89]. However, support from profes-
sionals and family is crucial for women to engage in physical
activity during the postpartum period [38].

Weight loss interventions which begin during pregnancy [90,91]
may be more effective than those initiated only in the postpartum
period [89,92, 93] given the strong association between GWG and
postpartum weight retention and the fact that it may be difficult to
reduce postpartum weight retention without first preventing
excessive GWG during pregnancy [94].

It remains unclear whether clinically relevant postpartum
weight loss can be achieved in obese and overweight postpartum
women and what form of physical activity intervention would be
optimal. The Active Mothers Postpartum (AMP) trial enrolled a
total of 450 overweight or obese women at 6 weeks postpartum
[93]. Women randomized to the intervention were offered eight
healthy-eating classes, ten physical activity classes, and six tele-
phone-counseling sessions over 9 months. There were no signifi-
cant group differences in mean weight loss, improvement of diet,
or increased physical activity. Findings suggest that home-based
interventions via mail, telephone, or the Internet/e-mail may be
more feasible and successful in this population.

In addition, O’Toole examined the impact of an individual-
ized, structured diet and physical activity intervention on weight
loss in 40 overweight women during the first year postpartum
[89]. Women were randomized to either a structured interven-
tion which involved individualized diet and physical activity
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prescriptions or to a self-directed program. At 1 year postpar-
tum, women in the intervention arm had a significant weight loss
(7.3 kg, p<0.01), a significant decrease in percent body fat (6 %,
p<0.01), but no change in fat-free mass, while women in the self-
directed program had no significant change in these factors. Also
recently, Bertz et al. evaluated whether a combined 12-week
dietary and physical activity behavior modification intervention
compared with stand-alone dietary and physical activity inter-
ventions or to usual care led to reduced body weight in 68 lactat-
ing Swedish women with a prepregnancy BMI of 25-35 kg/
m?*[95]. The dietary intervention resulted in clinically relevant
weight loss, which was sustained 9 months after treatment.
However, the combined physical activity and diet treatment did
not yield significant weight or body-composition changes
beyond those of dietary treatment alone.

Critical Gaps in the Literature

Despite the increasing body of literature aiming to better
understand PA prevalence as well as determinants and out-
comes of physical activity in pregnancy and postpartum,
there are nevertheless critical gaps in the literature. The fol-
lowing section will discuss the following particular gaps: limi-
tations in measuring physical activity during pregnancy, a
general lack of understanding about overweight/obese wom-
en’s beliefs about being active and strategies for overcoming
barriers, and a lack of a “best practice” or a “gold standard”
intervention to promote physical activity among overweight/
obese pregnant and postpartum women.

Measurement of Physical Activity During Pregnancy

To date, assessment of physical activity during pregnancy and
postpartum is predominately conducted via self-report, such
as with questionnaires or diaries, rather than with objective
measurements, such as accelerometers or pedometers [96].
Several advantages of self-report measures include the lower
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burden it places on the participant and the reduction in
equipment cost as compared to objective assessment of
physical activity. Questionnaires can be designed to collect
mode of physical activity and perception of intensity. A major
disadvantage to both questionnaires and diaries is the poten-
tial for recall bias. Moreover, keeping a diary may change the
woman’s physical activity behavior, and consistent with this
concern, diaries have been used as motivational tools in prior
intervention studies. Questions to consider when selecting a
self-reported instrument can be found in Table 9.5.

Objective measurement of physical activity is becoming more
common among studies of pregnant and postpartum women.
Several advantages to objective measures of pregnancy physical
activity include the elimination or reduction of literacy, recall bias,
and cultural differences. These objective measures (e.g., activity
monitors) can also provide a more precise estimation of total
physical activity. Disadvantages include cost and dependency on
the participant to wear the monitor. The monitors are often worn
for up to 1 week and thus do not reflect longer-term patterns of
physical activity. They may be inadvertently worn incorrectly if
placed at the hip, due to changes in the pregnant woman’s girth
[97]. Several studies have noted that compliance to wearing accel-
erometers declines during pregnancy [98, 99]. This is most likely to
occur when participants are instructed to remove the monitor
while sleeping, and periods of sleep increase in later pregnancy.
Another reason for decline in compliance may be the increasing
discomfort associated with wearing the monitor later in preg-
nancy. To date, the majority of pedometers that have been used in
pregnancy only assess locomotion-type activities well (i.e., run-
ning, walking) and have not differentiated intensity level. With
newer devices, these limitations will likely be overcome.

Overweight/Obese Women’s Beliefs About Physical
Activity During Pregnancy and Postpartum

To date, there has been a critical lack of understanding about
overweight/obese women’s beliefs about being active and
strategies for overcoming barriers. Several studies not focused
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TaBLE 9.5 Questions to consider when choosing a physical activity
questionnaire or diary assessment for pregnant women

Question

Common options

How will the assessment be
delivered?

What is the appropriate
length of the recall period?

Are the major components
of physical activity assessed?

Is it important to know
where or with whom the
activity occurred?

Can the method assess
recommendations for
physical activity?

Does the assessment
evaluate sedentary behavior?

Was assessment of validity
and reliability conducted in a
population that is similar to
my population?

Should objective assessments
of physical activity be
considered?

Paper, electronic, phone, text
messaging, e-mail, interactive website

Today, yesterday, past week, past
month, since becoming pregnant

The major components of physical
activity include mode (type of physical
activity), frequency, duration, and
intensity

Consideration could be given to
whether the physical and social
context is important to collect,
assessed by asking where and with
whom the physical activity was
performed

For the US, this would be based on
ACOG [2] and US government [1]

Sedentary behavior is characterized
predominately by sitting and
associated with low levels of energy
expenditure

Assessments may require cultural
adaptation

Accelerometers, pedometers

Note: Adapted from Evenson and Wen [96]

among overweight/obese women have documented pregnant
women’s PA beliefs during pregnancy, including that PA con-
tributes to overall well-being [100-102], relieves stress [103],
reduces anxiety and depressive symptoms [104], helps to
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control gestational weight gain [101, 104], and manages gesta-
tional diabetes [45]. In postpartum, salient physical activity
beliefs are that physical activity assists with postpartum
weight loss [101, 105], improves mood, and reduces stress
[40]. Common barriers to physical activity in pregnancy are
increased size, fatigue, and fear of harming the baby [101] and
in postpartum are lack of time, companionship support for
physical activity, childcare responsibilities, and health issues
(e.g., recovering from labor/delivery) [19, 23, 40, 101, 102].

While overweight/obese women may experience many of
these same physical activity beliefs and barriers, there is
nevertheless little understanding about the unique chal-
lenges these women experience with engaging in physical
activity before, during, and after pregnancy. One US study
by Chang and colleagues [17] found that obese postpartum
mothers’ personal experience of physical discomfort (e.g.,
inability to climb stairs, knee and back pain) and their body
size made engaging in physical activity difficult. Another
study conducted in the United Kingdom by Weir and col-
leagues [106] also identified feeling uncomfortable engaging
in physical activity due to size (e.g., harder to move when
heavier) as well as the perception that physical activity was
less important than eating healthy for the baby as salient bar-
riers to prenatal physical activity. Of particular concern, the
women in this study were generally unconcerned about
weight gain in pregnancy despite the adverse effects of high
gestational weight gain on maternal and infant health out-
comes. Future research is needed to better understand the
physical activity beliefs and barriers of overweight/obese
women and the extent to which these psychological factors
influence their physical activity attitudes and behaviors and
perspectives on gestational weight gain. It is possible that
for overweight/obese women, the perceived barriers of
physical activity greatly overshadow the benefits, and there-
fore, there is an important need to identify intervention
strategies that effectively reduce barriers and improve their
physical activity motivation and behavior.
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Lack of “Best Practice” Interventions to Promote
Physical Activity During Pregnancy and Postpartum

Although the prenatal physical activity guidelines have been
revised on several occasions since the 1985 ACOG recommen-
dations and these adaptations have led to greater support for
and promotion of physical activity, there is still a considerable
gap in the literature. Specifically, there is an absence of a “gold
standard” intervention to promote pre- and postnatal physical
activity. A recent systematic review [107] examined interven-
tions to promote physical activity during pregnancy in an effort
to identify best practices. Ten intervention studies met the inclu-
sion criteria (i.e., randomized controlled trials measuring effi-
cacy of intervention aiming to change physical activity in
pregnant women) of which only two focused on physical activ-
ity as the primary target (other targets were gestational weight
gain, gestational diabetes, and preeclampsia) and only three
reported statistically significant differences between the physi-
cal activity intervention and control groups (see Table 9.6). The
interventions included a variety of behavioral strategies aiming
to promote PA (see Table 9.6); however, none were uniquely
associated with positive outcomes. The authors concluded that
little is known about the efficacy of interventions for physical
activity during pregnancy and offered several suggestions for
future research such as designing theoretically based studies to
better understand factors influencing physical activity partici-
pation, expanding interventions beyond pregnant women to
include other important social influences (e.g., family members,
social networks, medical providers), and increasing generaliz-
ability of evidence to special populations such as ethnic minor-
ity groups and overweight and obese pregnant women.

There is also a lack of interventions that have effectively pro-
moted postpartum physical activity. While physical activity in
postpartum offers a number of benefits, the primary focus for
women in early postpartum is recovering from delivery and tak-
ing care of the infant. Physical activity is not generally recom-
mended before 6-8 weeks postpartum (depending on vaginal or
cesarean delivery), and from that point on, women are largely
left to their own to return to their prepregnancy physical activity
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routine or initiate physical activity altogether. Furthermore,
physical activity guidelines do not exist for postpartum which
adds to the complexity of defining how to promote physical
activity during this time. Mottola [13] suggested that for postpar-
tum physical activity programs to succeed, they must consider
the impact of factors such as time management, social support,
cultural sensitivity, breastfeeding, childcare, and promoting
physical activities that include mother-child interactions (e.g.,
stroller walking, interactive classes). In addition, postpartum
women should get the approval of their health-care provider
before starting a physical activity program, and they should start
slowly and gradually increase frequency and intensity over time.

Next Steps in Practice, Prevention,
and Research

Despite the increase in empirical evidence over the past several
decades aiming to promote physical activity during and after
pregnancy, women remain generally inactive during this impor-
tant time in the life cycle, and this low activity is a precursor to
later morbidity such as obesity, diabetes, and cardiovascular
diseases. While there is no question that physical activity pro-
motion remains an important and necessary focus of research
and intervention efforts, it is of even greater importance to
identify how to effectively motivate women, particularly over-
weight and obese women, to engage in physical activity during
and after pregnancy. Below, we offer some suggestions for the
next steps in research and practice to facilitate pre- and postna-
tal physical activity initiation, motivation, and maintenance.

Emphasis on Physical Activity Recommendations
in Clinical Care

Most health-care providers are not specifically trained to coun-
sel pregnant women about physical activity, and guidance on
engaging in prenatal physical activity is not a part of the standard
of care. For example, [108] found that 75 % of physicians in the
1990s were not aware of physical activity guidelines for
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pregnancy/postpartum. Unfortunately, almost two decades
later, the general consensus is that counseling pregnant women
about physical activity is not the “norm” in clinical care. For
example, two recent studies [109, 110] found the two main bar-
riers of prenatal care providers for physical activity counseling
were a lack of knowledge/formal training and uncertainty or
doubt about one’s ability to provide effective physical activity
counseling. Although the current physical activity guidelines
recommend that healthy pregnant women without obstetric
complications can engage in 150 min/week of moderate-inten-
sity physical activity (and with a doctor’s consent, continue
some forms of vigorous physical activity), Evenson and Pompeii
[109] found that 74 % of physicians recommended moderate-
intensity physical activity and even less (6 %) recommended
vigorous-intensity physical activity to their prenatal patients.
Another study [110] examined health-care provider advice to
overweight/obese pregnant women and found that 58 % of
women received little to no advice on appropriate physical
activity during pregnancy. Also, of the 42 % of women who did
discuss physical activity with their providers, the focus of the
counseling was on being cautious about and/or limiting physical
activity. Moreover, the majority of women perceived that their
provider lacked knowledge of physical activity recommenda-
tions for frequency and intensity. These authors suggested that
providers’ insufficient knowledge of physical activity guidelines
is unlikely to shape positive physical activity expectations for
overweight/obese women. Thus, more focused efforts are needed
to better educate and train health-care providers about physical
activity benefits, guidelines, and safety aspects in an effort to
promote physical activity within standard prenatal care.
Furthermore, recent evidence [111, 112] suggests that pro-
vider knowledge varies across subgroups of pregnant women.
For example, Stotland et al. [112] found that despite having
the highest rates of high GWG nationally, White women were
the least likely to receive counseling about health behaviors
(e.g., nutrition, physical activity) in pregnancy. Also, Symons
Downs et al. [113] found that provider recommendations
varied across parity. More specifically, 32 % of women felt
they received insufficient prenatal health information (e.g.,
GWG, physical activity, healthy eating) and attributed this
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lack of information to physicians’ assumptions that they
already had health knowledge from prior pregnancies.

Thus, as a general recommendation, health-care providers
may consider distributing information on the physical activity
guidelines to all of their prenatal patients regardless of their pre-
pregnancy weight or activity status. This information can be
delivered on multiple occasions at appointments (e.g., handouts,
websites) over the course of prenatal care. There is evidence that
when primary care providers ask about physical activity, patients
show much higher motivation to change their behavior; such
change may not be sustained if women are asked only once [114].

Dissemination of Physical Activity
Recommendations

In addition to integrating the physical activity guidelines into
standard prenatal care, other strategies to disseminate the guide-
lines include mechanisms such as websites, social media (e.g.,
Facebook, Twitter), public health messaging (e.g., radio, TV), and
mobile phone applications. For example, a recent randomized
trial tested the impact of an interactive, computerized Video
Doctor counseling tool on health behaviors in pregnancy [115]
and found significant increases in self-reported physical activity
and diet behaviors from baseline to follow-up. Understanding
how to integrate technology into clinical care can help to assist
clinicians with effective physical activity and diet counseling.
Studies are also needed to examine different dissemination meth-
ods to identify which strategies are most effective across sub-
groups of pregnant and postpartum women (e.g., whether there
are differences in effectiveness of mechanisms across women of
different weight, parity, and socioeconomic status groups).

Dissemination of Gestational Weight Gain (GWG)
Guidelines Identifying Effective Strategies
to Promote Physical Activity

While studies have shown that GWG is influenced by health-
care provider recommendations, approximately one-third of
women report that they did not receive prenatal counseling on
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GWG [116]. Approximately 30-60 % of pregnant women have
reported not receiving weight gain advice, and among those
patients who received advice, approximately one-third reported
receiving advice that was inconsistent with IOM guidelines
[117-119]. Barriers to the provision of such advice and related
educational materials may include limited time within the con-
straints of clinical practices, insufficient training, concern about
the sensitivity of the topic, the perception that counseling is
ineffective, and lack of third-party payer reimbursement [120].

Understanding How to Motivate Overweight/
Obese Pregnant and Postpartum Women
to Engage in Physical Activity

Research studies are needed to identify how to help over-
weight/obese pregnant and postpartum women overcome
physical activity barriers and facilitate physical activity moti-
vation. Interventions should be designed that first consider
formative research (e.g., focus groups, structured interviews)
with overweight/obese women to understand their unique
challenges and needs. This research should also be theoreti-
cally driven to better understand the complex interactions
among the psychological, behavioral, biological, and social/
ecological determinants of physical activity during and after
pregnancy to inform intervention design and development.

Identifying Effective Strategies to Promote
Physical Activity

Research studies are needed to compare the delivery of mul-
tiple behavioral strategies to better understand which
approaches are most effective at promoting physical activity
during and after pregnancy. Understanding which program
components and intervention strategies have the strongest
impact will inform the development of future interventions in
an effort to identify a “gold standard.” For example, research
is needed that examines model interventions that have been
effective in nonpregnant populations (e.g., the Diabetes
Prevention Program: http://diabetes.niddk.nih.gov/dm/pubs/
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preventionprogram/) to determine which components and
strategies may be effectively modified and applied to preg-
nant/postpartum women. More specifically, the DPP success-
fully demonstrated that modest weight loss and increased
physical activity could reduce the incidence of diabetes in a
group of prediabetic (nonpregnant) patients by 58 %.
However, both the recruitment methodology and the inter-
vention were too expensive to implement in real-world set-
tings,leading to requests for proposals requiring less expensive
methods to be developed and tested [121]. In addition, the
DPP recruited an educated and English-literate population.
Translating the DPP as well as other effective intervention
studies conducted in nonpregnant populations to be used
during pregnancy and postpartum could be promising. Such
interventions should be tailored to ethnically/racially and
socioeconomically diverse population, and they would also
need to consider that the time and childcare pressures faced
by pregnant and especially postpartum women are barriers to
attendance at group meetings at scheduled times and that
travel to and from venues would deter many [122, 123]. In
fact, studies in nonpregnant populations [47, 124, 125] have
found that individually tailored lifestyle interventions deliv-
ered in person, via telephone, and via mail produce greater or
comparable changes in behavior at a more cost-efficient level
compared with group-based interventions.

Example: Best Practice, Prevention
Approach, or Research Design

As noted above, there is not a single “gold standard” inter-
vention to promote physical activity during or after preg-
nancy. However, the following section provides an overview
of some recent promising approaches for physical activity
promotion among pregnant and postpartum women.

Several ongoing interventions are currently investigating
the impact of lifestyle changes including physical activity on
GDM risk. In one of the only trials to include a significant
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proportion of Hispanic women, the Behaviors Affecting
Baby and You (B.A.B.Y) Study (clinical trial #¥NCT00728377)
is an ongoing exercise trial among an ethnically diverse
sample of prenatal care patients in Western Massachusetts at
high risk of gestational diabetes mellitus (60 % Latina;[126]).
Women are randomized to a 12-week motivationally tar-
geted, individually tailored physical activity intervention
involving multimodal contacts (in person, mail, and tele-
phone) or to a comparison health and wellness intervention.
The overall goal of the physical activity intervention is to
encourage pregnant women to achieve physical activity
guidelines during pregnancy through increasing walking and
developing a more active lifestyle. The intervention takes into
account the specific social, cultural, economic, and physical
environmental challenges faced by pregnant women of
diverse socioeconomic and ethnic backgrounds. Preliminary
findings among the first 110 randomized prenatal care
patients (60 % Hispanic) found that the exercise arm (n=>58)
experienced a smaller decrease (—1.0 MET-h/week) in total
activity vs. the control arm (n=52) (-10.0 MET-h/week;
p=0.03) and a higher increase in sports/exercise (0.9 MET-h/
week) vs. the control arm (-0.01 MET-h/week; p =0.02) [127].

Another ongoing trial, Estudia Vida (clinical trial
#NCT01141582), is designed to evaluate the feasibility of
implementing a lifestyle intervention among pregnant, over-
weight, and obese Hispanic women at increased risk for
GDM [128]. The lifestyle intervention was a 6-month pro-
gram consisting of 6 monthly in-person educational sessions
and 5 biweekly booster telephone calls. Assessments of physi-
cal activity, diet, glycemic control, markers of insulin resis-
tance, and blood lipids were conducted at three time points:
at baseline, in midpregnancy, and at 6 weeks postpartum.
Health outcomes were abstracted from medical records.
Among eligible women, 88 (49.4 %) agreed to participate,
and a total of 68 women (77.3 %) were successfully random-
ized into a lifestyle intervention group (n=33,48.5 %) and a
standard care group (n=35, 51.5 %). Physical activity, diet,
and covariate assessment completion rates ranged from 87.9
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to 100 % during pregnancy and from 75 to 87.9 % postpar-
tum, with no statistically significant differences between
study groups. On average, women in the intervention group
attended 4 (1.45 SD) sessions with 93.5 % attending at least
three sessions. Clinical outcomes were obtained for 100 % of
the participants. This study suggests that a lifestyle interven-
tion delivered primarily via individualized sessions and tele-
phone is feasible for overweight and obese Hispanic women
at risk of GDM. However, strategies for helping pregnant
Hispanic women to overcome barriers to participation are
needed for such studies to be successful.

Another randomized intervention trial, Active MOMS
(DK07586702), compared the effects of two theoretically
based interventions (semi-intensive, face-to-face, guided
exercise, minimal-contact, home-based lifestyle physical
activity) to a standard of care control group on the physical
activity behaviors and motivational determinants of 105
pregnant women with and without GDM [129, 130]. From
baseline (20 weeks’ gestation) to follow-up (32 weeks’ gesta-
tion), women randomized to the semi-intensive physical
activity intervention had higher leisure physical activity min/
week, accelerometer counts/min, and physical activity atti-
tude, subjective norm, and intention than women in the con-
trol group. They also had higher pedometer steps/day, physical
activity attitude, and body satisfaction than women in the
minimum-contact intervention. More women in the semi-
intensive intervention (43 %) met physical activity guidelines
than the minimum-contact intervention (23 %) and control
(7 %). Also, GDM women had lower physical activity behav-
iors and motivational determinants than non-GDM women,
placing them at even higher risk for low activity and seden-
tary behaviors both during and after pregnancy.

Specific to overweight/obese women, Mottola et al. [131]
examined the effect of a Nutrition and Exercise Lifestyle
Intervention Program (NELIP) on weight-related outcomes
among 65 overweight/obese pregnant women compared to
a matched historical cohort (n=260). NELIP included indi-
vidualized nutrition plans and a walking program using a



Chapter 9. Obesity, Physical Activity, Pregnancy/Postpartum 215

pedometer to count steps. They found that 80 % of women
in NELIP had GWG within the guidelines and postpar-
tum weight retention was minimal (i.e., average 2.2 kg
at 8 weeks postpartum) with no significant difference in
weight retention between overweight and obese women.
Because women in this trial were not randomized to inter-
vention and control groups, future research is needed to
test the efficacy of this intervention approach to replicate
the study findings and determine the generalizability of this
program at a population-based level.

Furthermore, ongoing interventions designed to reduce
postpartum weight retention include Estudia Parto. The
overall goal of this new randomized controlled trial (clinical
trial # NCT01679210) is to test the efficacy of a culturally
and linguistically modified, individually tailored lifestyle
intervention to reduce risk factors for type 2 diabetes and
cardiovascular disease among postpartum Hispanic women
with a history of abnormal glucose tolerance during preg-
nancy. Specific aims are to evaluate the impact of the inter-
vention on postpartum weight loss, biomarkers associated
with insulin resistance (i.e., glucose, insulin, HbA , leptin,
TNF-a, HOMA, AUCgluc, adiponectin), other cardiovascu-
lar risk factors (i.e., blood lipids, blood pressure, CRP, fetuin-
A, albumin-to-creatinine ratio), and the adoption and
maintenance of postpartum behaviors associated with weight
loss and prevention of diabetes risk (i.e., physical activity,
diet). Eligible Hispanic women will be recruited after rou-
tine GDM screening and randomly assigned to a lifestyle
intervention (n=150) or a comparison health and wellness
(control) intervention (n=150). Targets of the intervention
are to achieve IOM guidelines for postpartum weight loss,
ACOG (2002) PA guidelines, and the American Diabetes
Association guidelines for diet. The intervention draws from
social cognitive theory and the transtheoretical model and
addresses the specific social, cultural, economic, and physical
environmental challenges faced by underserved Hispanic
women. Measures of adherence will include accelerometers
and dietary recalls.
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Conclusion

Despite the fact that the physical activity and pregnancy/
postpartum literature has evolved significantly over the
past several decades and prenatal physical activity guide-
lines have become more relaxed to promote the maternal-
fetal health benefits of exercise, most pregnant and
postpartum women are not sufficiently active. Even more
concerning is the low prevalence rate of physical activity
among overweight and obese pregnant and postpartum
women. In an effort to understand how to better promote
physical activity during pregnancy and postpartum, salient
determinants of activity have been identified; however,
these have not been well understood among obese preg-
nant women and warrant future attention. Moreover, pre-
natal physical activity may reduce negative health outcomes
such as gestational diabetes mellitus, preeclampsia, exces-
sive gestational weight gain, and postpartum weight reten-
tion; however, greater dissemination of the physical activity
guidelines in clinical practice is needed to educate and
inform women of these benefits for widespread impact.
Important areas for future research and practice include
understanding how to motivate pregnant and postpartum
women (especially obese women) to be active and identify-
ing practical, safe, and effective physical activity interven-
tion strategies (including a gold standard intervention for
dissemination) to improve maternal health and reduce the
onset of long-term morbidity.

Appendix 9.1: Additional Reading Material

Another seven trials (Chasan-Taber et al. 2009;Ko 2008; Melo 2008;
Newnham et al. 2011; Oostdam et al. 2009; Ramirez-Velez et al. 2009;
Shen 2008) are ongoing and will be considered for inclusion in the
next update of this review (see Characteristics of ongoing studies).

Chasan-Taber L, Marcus BH, Stanek 3rd E, Ciccolo JT, Marquez DX,
Solomon CG, et al. A randomized controlled trial of prenatal physical
activity to prevent gestational diabetes: design and methods. ] Womens
Health. 2009;18(6):851-9.
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Ko CW. Effect of physical activity on metabolic syndrome in pregnancy and
fetal outcome. ClinicalTrials.gov (http:/clinicaltrials.gov/) (Accessed 9
Apr 2008).

Melo A. Exercise and pregnancy: randomised clinical trial. Current
Controlled Trials (www.controlled-trials.com/) (Accessed 17 Mar 2010).

Newnham J. Fournier P. Guelfi K. Grove R. Wallman K. Doherty D.
Preventing gestational diabetes mellitus using a home-based supervised
exercise program during pregnancy. Exercise for pregnant women for
preventing gestational diabetes mellitus (Review) 17. Copyright © 2012
The Cochrane Collaboration. Published by JohnWiley & Sons, Ltd.
ClinicalTrials.gov (http:/clinicaltrials.gov/), (Accessed 25 July 2011).
(NCT01283854).

Oostdam N, Van Poppel MN, Eekhoff EM, Wouters MG, Van Mechelen W.
Design of FitFor2 study: the effects of an exercise program on insulin
sensitivity and plasma glucose levels in pregnant women at high risk
for gestational diabetes. BMC Pregnancy Childbirth. 2009;9:1.

Ramirez-Velez R, Aguilar AC, Mosquera M, Garcia RG, Reyes LM,
Lopez-Jaramillo P. Clinical trial to assess the effect of physical exercise
on endothelial function and insulin resistance in pregnant women.
Trials. 2009;10:104.

Shen G. Impact of diet and exercise activity on pregnancy outcomes (IDEA).
ClinicalTrials.gov (http:/clinicaltrials.gov/) (Accessed 20 Feb 2008).
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Chapter 10

Maternal Obesity, Gestational

Weight Gain, and Childhood
Growth 1n the First Year
of Life

Deborah B. Ehrenthal, Cynthia S. Minkovitz,
and Donna M. Strobino

Abstract Obesity has reached epidemic proportions among
women of childbearing age. Prepregnancy obesity and inap-
propriate gestational weight gain (GWG) have detrimental
consequences for maternal health, birth outcomes, and infant
growth in the first year of life. Dietary interventions during
pregnancy have a modest, although significant, impact on
GWGQG, but their long-term impact is unknown. Studies of
interventions to reduce obesity prior to pregnancy are lim-
ited, but these interventions have the potential to address
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modifiable behavioral, social, and environmental factors that
may predispose women and their infants to excessive weight
gain and to establish healthy trajectories in weight for both.

Keywords Obesity ® Overweight ® Gestational weight gain
Maternal health e Newborn health e Infant growth e Interventions

Key Points

e Obesity and inappropriate weight gain during preg-
nancy have a detrimental effect on women’s health
and birth outcomes, and may affect infant growth in
the first year of life.

e Interventions that address obesity among women
prior to pregnancy are limited, but have the potential
to improve women’s health, birth outcomes, and pre-
dispose children to optimal health, healthy weight
and physical activity.

e Dietary interventions during pregnancy have a mod-
est, although significant, impact on gestational weight
gain, but their long term impact is unknown.

e Pregnancy provides an important opportunity to
instill and reinforce positive lifelong habits for
women and their infants.

Introduction

Obesity has reached epidemic proportions among women of
childbearing age in recent years [1]. Increases in the percent-
age of children who are overweight or obese have added to
the concern about the epidemic in adults [2]. In particular,
current trends suggest that children are becoming heavier at
younger ages. Although the most recent data suggest a taper-
ing off of trends among adults [3, 4], the transition from over-
weight to obese is particularly a problem from adolescence
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into early adulthood [5], the prime childbearing years among
most US women, especially among racial and ethnic minori-
ties [6]. These latter groups also suffer more overweight or
obesity than their more advantaged counterparts [7, 8]. These
trends have important implications for the health and well-
being of women during pregnancy and the health of their
newborns and infants.

In more recent years, the public health and medical com-
munities have recognized important links between prepreg-
nancy obesity, gestational weight gain (GWG), and adverse
outcomes for both the mother and child. Prepregnancy obe-
sity increases the likelihood of developing pregnancy compli-
cations [9]. Beyond pregnancy, postpartum retention of
weight gained during pregnancy appears to play an important
role in the development of adult obesity for women during
their childbearing years [10-12]. In addition, the vertical
transmission of obesity risk from mother to child is now rec-
ognized as important in childhood obesity; an understanding
of the factors influencing this risk is evolving [13]. As poten-
tially modifiable risks, achievement of optimal prepregnancy
weight and GWG is now viewed as a strategy to improve
outcomes for both women and their children, especially
among obese women and their offspring, both of whom are at
greatest risk for important short- and long-term adverse
outcomes.

The objective of this chapter is to evaluate the evidence
for the relation between prepregnancy weight, with emphasis
on overweight and obesity, and maternal and newborn out-
comes and growth of children in the first year of life. It also
describes the evidence related to gestational weight gain and
these same outcomes. Evaluation of interventions before
pregnancy to reduce obesity and during pregnancy to pro-
mote optimal weight gain also is discussed. The limitations of
the scientific evidence are considered along with future
research needs. Finally, the implications of the research are
discussed within a life course framework, which addresses the
complexity of the determinants of obesity and our ability to
stay the increasing trend in rates.
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The Overweight/Obese Mother

Overweight and obesity at the start of pregnancy have impor-
tant implications for outcomes for the mother and the new-
born,including the risk of developing pregnancy complications
as well as adverse neonatal outcomes [9, 14]. In addition to a
consistent association of prepregnancy BMI with outcomes
related to birth weight and fetal growth, a higher incidence of
birth defects and stillbirth has been reported for obese
women [15-17]. Some data suggest an increase in the risk of
shoulder dystocia, likely related to the higher birth weight,
but this relation has not been consistently identified [18].
Finally, children of overweight or obese mothers appear to be
more likely to become obese children. Most of these findings
come from observational studies. Assessment of outcomes
related to effective interventions, as discussed below, is
needed to support causality.

Outcomes for the Child

There is strong and consistent evidence that prepregnancy
body mass index (BMI) is directly and independently related
to birth weight [13, 19]. The 2013 systematic review and meta-
analysis by Yu et al. evaluated the findings of 34 observational
studies, including those with cohort, case—control, and cross-
sectional designs, and examined the relation of prepregnancy
BMI with size for gestational age, low birth weight (LBW),
and macrosomia [20]. In nearly all studies, obese women were
relatively protected from delivery of a small for gestational
age (SGA) or LBW baby, but the odds of large for gestational
age (LGA), high birth weight, or macrosomia were increased.
For example, the authors reported a 67 % greater odds of
macrosomia for women who were overweight prior to preg-
nancy and greater than a 3-fold increase if the mother was
obese [20]. Analysis of outcomes of the well-characterized
prospective cohort from the Hyperglycemia and Adverse
Pregnancy Outcomes (HAPO) study suggests that the associa-
tion of obesity and birth weight is independent of a diagnosis
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of gestational diabetes mellitus (GDM), common among
obese mothers [21].

Similar findings were reported by Black et al., who con-
ducted a retrospective study of women enrolled in a large
prepaid group-practice managed health care plan [22]. They
concluded that, in this population, prepregnancy overweight
and obesity contributed significantly to the fraction of babies
born LGA, independent of GDM [22]. The findings from
both studies suggested that the effects of obesity and GDM
on outcomes were additive.

Evidence from observational studies supporting a link
between maternal obesity and child obesity continues to
accumulate [13, 14, 20]. Of the factors identified during
infancy, maternal prepregnancy obesity appears to make the
greatest contribution to the risk of obesity during childhood
[13, 23-25]. Observational studies, however, are unable to
distinguish whether or not there is an independent role of
maternal adiposity on the child’s future obesity risk. Whether
the link between maternal obesity and child obesity is the
result of a shared susceptibility, the effect of the fetal intra-
uterine environment, postnatal factors, or a combination of
factors is not yet clear. All or a portion of the obesity link may
be due to behavioral and environmental factors passed from
mother to child or within the context of family and commu-
nity, especially with regard to cultural preferences in food
choices and perceptions of a healthy baby.

Outcomes for the Mother

In their 2012 review, Marshall and Spong described the current
literature regarding obesity-related maternal pregnancy com-
plications [9]. Evidence points to an increase in gestational
diabetes, gestational hypertensive disorders, and thromboem-
bolic disease among obese women compared to women with
normal weight at the start of pregnancy [9, 26, 27]. For exam-
ple, in the large population-based study of Danish women by
Ovesen et al., there was a stepwise increase in gestational dia-
betes risk with increasing degree of obesity; women with a
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BMI of 35 kg/m? or more, had an 11-fold greater odds of ges-
tational diabetes when compared to women of normal weight
[18]. At delivery, obese mothers are more likely to experience
labor dystocia and deliver by cesarean section [28].

Interventions Among Women of
Childbearing Age

An optimal approach to improving obesity-related outcomes
in mothers and their newborns is to achieve a more healthy
weight prior to pregnancy. This goal should be incorporated
into the care of women during their reproductive years,
through both primary well women care, which incorporates
the notion of reproductive awareness, and a discussion of
pregnancy planning. As noted above, obese women present a
particularly challenging set of concerns because their weight
affects not only their health but that of their future offspring.
While interventions to alter lifestyle behaviors focused on
diet and physical activity among women of childbearing age
may be theoretically ideal [14], research in this area is very
limited, often due to questions about which women to study
and because most studies include small samples [29], with
modest results at best [30]. Most studies of women of child-
bearing ages have focused on those in the older range of the
childbearing population [31, 32] and with children [33, 34]
although a few studies involve the inter-pregnancy period.
Two major prepregnancy interventions specific to obese
women are bariatric surgery and the use of insulin-sensitizing
drugs.

Bariatric surgery is not the first line of interventions for
weight loss but may be recommended if other attempts at
weight loss have failed. It has risen in frequency, however, in
recent years among women in the childbearing ages, mirror-
ing in part the rise in obesity in the United States [35]. Its use
among adolescent females has plateaued in recent years [36],
perhaps in part due to controversies about the appropriate-
ness of surgery for this age group. Bariatric surgery proce-
dures most commonly induce food intake restriction, food
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malabsorption, or both [37], and in turn promote weight loss,
an average of about 30 % in the first year following surgery,
although the majority of patients remain overweight [38].

Maggard and colleagues undertook a systematic review of
studies of the impact of bariatric surgery on subsequent fertil-
ity and pregnancy outcomes [39], followed by more recent
reviews by Guelinckx, Devlieger and Vansant, and Kjaer and
Nilas [38, 40]. They note that these studies are necessarily
observational in nature. The design, sample characteristics,
control groups, and type of surgery [41] evaluated are quite
heterogeneous across studies [38-40]. Controls among preg-
nant women may include births to the same women before and
after surgery, women who are matched by weight with and
without surgery, and in one recent study an additional control
group of pregnant women who were the same weight as
women with surgery at the time the surgery was performed
[42]. Most studies show reduced maternal complications, as
measured by GDM and hypertension, and in rates of macroso-
mic births. Birth weight may be reduced, and there is some
suggestion of an increase in SGA births, but this finding is by
no means consistent across studies [38-40]. Choice of an
appropriate control group remains a challenge in this research.

While the studies of births in women who undergo bariat-
ric surgery generally show that it is safe with some conflicting
findings, there may be problems for women with malabsorp-
tion and who are at risk for micronutrient deficiencies [40].
Whether or not these deficiencies contribute to birth defects,
particularly neural tube defects, is unclear due in part to the
difficulty in obtaining adequate samples because of their rare
occurrence [40]. Timing of pregnancy is important following
surgery especially with regard to potential nutritional defi-
ciencies, and it is recommended that women wait at least
1-2years following surgery before conception [43]. Nutritional
evaluation both before and during pregnancy is recommended
to address these risks [38, 39, 43].

A second prepregnancy intervention is the use of insulin-
sensitizing drugs for weight loss. Nieuwenhuis-Ruifrok et al.
reviewed data from 14 trials of obese or overweight women
who were given insulin-sensitizing drugs for weight loss [44].
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All but two of the studies included samples of women with
polycystic ovary syndrome (PCOS); only data for women
completing the trials were included in the analysis. Metformin
over 1,500 mg/day was associated with a significant decrease
in BMI among overweight and obese women with PCOS;
there were no significant findings for lower dosages, but
numbers in these studies were small. No additional impact
was noted when included with lifestyle interventions. The
review had several limitations; only women who completed
the trials were included in the analysis, the objectives for the
trials were designed with different primary outcomes and
clinical questions, the samples across studies were quite het-
erogeneous, and most studies had small sample size.
Moreover, extension of the findings to obese or overweight
women prepregnancy without PCOS is unclear.

Studies which address dietary intervention, physical activ-
ity, or counseling related to obesity and weight loss are few
in young nonpregnant women of childbearing age [29]. The
few available studies were conducted among limited popula-
tions or women who already have young children and who
are unlikely to have subsequent births [33, 34, 45]. The lack
of data about potential interventions in young women of
childbearing age is a serious gap in the literature. It repre-
sents a missed opportunity from a life course perspective and
provides clinicians with limited options to prevent obesity or
reduce weight gain or high prepregnancy weight among
women to whom they provide well woman or preconception
care.

Gestational Weight Gain and the
Overweight/Obese Woman

Recommendations for GWG have evolved over the past
several years as the obesity epidemic has changed the dis-
tribution of risk factors for adverse perinatal outcomes and
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highlighted the importance of balancing the short- and long-
term risks for mothers and their children. The link between
GWG and birth weight was observed decades ago, and efforts
to prevent LBW guided health care and public policy recom-
mendations for GWG [46]. The 1970 Institute of Medicine
(IOM) report recommended a 20-27 1b weight gain for all
women. Ensuring adequate nutrition for women became a
major focus of maternal health interventions.

However, trends in GWG for US populations now show
an increasing percentage of women gain in excess of current
GWG recommendations [47]. There are important variations
in GWG among racial and ethnic groups in the US popula-
tion [48]. In their review, Headen et al. found excess GWG
was most common among. White mothers (>50 %), while
inadequate GWG was more common among Asian, Hispanic,
and Black mothers [48]. Data from Pregnancy Risk
Assessment and Monitoring System (PRAMS) suggest that
obese women tend to gain less weight overall than nonobese
women, but they are more likely to gain in excess of the cur-
rent IOM recommendations for their weight [49]. Within the
context of the current epidemic of obesity, these differences
underscore the importance of understanding the relation of
GWG to adverse outcomes.

Components of GWG

Weight gain during pregnancy is a function of a number of fac-
tors including maternal weight gain, fetal weight gain, placental
weight, and fat mass [47]. The increase in fat mass shows the
greatest variability between women and is most reflective of
both gestational weight gain and prepregnancy obesity [49].
GWG typically varies by trimester, with a rapid increase in
maternal stores during the second trimester preceding the
rapid growth of the fetus during the third trimester [49].
Because weight gain in the third trimester is linked closely with
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the length of pregnancy, it must be taken into account in
research on the relation of GWG with preterm birth and low
birth weight (LBW).

Determinants of GWG

Weight gain during pregnancy is greatest during the first
pregnancy and among pregnancies with multiple gestations
(e.g. twins, triplets) [49]. Several maternal factors influence
GWG, including prepregnancy BMI, parity, height, smoking,
as well as level of education and comorbid conditions [50].
Race and other social and cultural factors also appear to play
an important role [50]. Pregnancy-related factors also poten-
tially influence GWG. For example, improvement in diet
prompted by a new diagnosis of gestational diabetes may
result in weight loss [51]. Conversely, women with a gesta-
tional hypertensive disorder may gain more weight as a result
of fluid retention and edema related to the syndrome. The
influence of bed rest on GWG is unexplored [52].

Current US GWG Guidelines

The medical and public health communities have struggled to
definerecommendations for GWG.Initially,recommendations
focused on the importance of adequate weight gain to pre-
vent LBW. The 1990 IOM revision of recommendations for
GWG in the United States reflected the understanding that a
mother’s adiposity prior to pregnancy influenced fetal growth,
and recommendations for GWG were tailored based on pre-
pregnancy BMI, an easily measured value reflecting a proxy
for the degree of maternal obesity at the start of gestation.
The importance of both short- and long-term outcomes for
the mother and child was recognized, but little evidence was
available to support recommendations. In addition, there was
little evidence that weight gain counseling had an impact
on GWG.
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TaBLE 10.1 Current IOM recommendations for GWG [49]

Total Rates of weight gain, second
weight gain and third trimester
Mean
Range  Range Mean (range) (range)
Prepregnancy BMI  in kg inlb  in kg/week in Ib/week
Underweight 12.5-18  28-40 0.51(044-058) 1 (1-1.3)

(<18.5 kg/m?)

Normal weight 11.5-16  25-35 0.42 (0.35-0.50) 1 (0.8-1)
(18.5-24.9 kg/m?)

Overweight 7-115  15-25 028 (0.23-0.33) 0.6 (0.5-0.7)
(25.0-29.9 kg/m?)

Obese (>30kg/m?)  5-9 11-20 022 (0.17-0.27) 0.5 (0.4-0.6)
BMI body mass index

The new guidelines for GWG released in 2009 by the IOM
were based on a systematic review of the literature (Table 10.1)
[47-49]. The recommendations were considered in the con-
text of the recent rise in obesity among women of childbear-
ing age and their children. Evidence of greater GWG among
the diverse populations of US mothers was of concern, as was
the increasing incidence of obesity-related maternal compli-
cations including cesarean delivery, higher rates of fetal mac-
rosomia, and concerns about the impact of GWG on future
obesity risk for both the mother and child. To arrive at their
recommendations, the committee tried to balance the risks
and benefits to the neonate as well as to the mother [47, 49].

The 2009 recommendations changed most significantly
for women who are overweight or obese prior to pregnancy.
These most recent guidelines recommend gains between 15
and 25 1bs for women who are overweight (BMI 25-29.9 kg/
m?) and 11 and 20 lbs for women with a BMI in the obese
range (BMI 30 kg/m? or more). Recommendations for teen
mothers are not different from those for adult women. It
was recommended that short women gain at the lower end
of the range. The committee did not have evidence that rec-
ommendations should differ based on mother’s race or



240 D.B. Ehrenthal et al.

ethnicity, although they do differ for women with multiple
gestation pregnancies [47, 49].

With the release of their recommendations, the [OM sug-
gested strategies to help women adhere to GWG recom-
mendations. Pregnancy is now viewed as a teachable
moment, a time in women’s lives when they may be more
motivated to make lifestyle and other changes. Helping
women achieve an optimal GWG presents an opportunity
to impact short- and long-term outcomes for both the
mother and her child. If excess GWG plays an independent
role in the development of obesity, focused efforts to avoid
excess GWG would be warranted. As discussed below, there
is little or no experimental evidence to demonstrate that
interventions, which effectively limit GWG, improve long-
term outcomes for the mother.

Evidence Linking GWG to Outcomes
for Overweight and Obese Mothers
and Their Babies

Nearly all evidence supporting the link between GWG and
outcomes for mothers and their offspring come from obser-
vational studies of women across the BMI spectrum. Although
these studies consistently demonstrate several important
significant associations between GWG and several short- and
long-term outcomes [53], they are constrained by failure in
most studies to account for the correlation of weight gain
with length of pregnancy and increasing fetal weight as a
component of weight gain. Maternal obesity is defined as a
BMI of 30 kg/m? or more prior to pregnancy; this group is
traditionally further divided into three groups: class I (BMI
30-34.9 kg/m?), class 1T (35-39.9 kg/m?), and class III (40+ kg/
m?). The few studies large enough to focus specifically on
obese women suggest that the severity of obesity influences
the relation of GWG to outcomes [54, 55]. In this section, we
summarize the evidence of a relation for short- and long-term
outcomes for women who enter pregnancy overweight or
obese.
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Short-Term Outcomes

Birth Weight

Observational studies show that inadequate GWG increases
the odds of SGA, and moderate evidence shows that excess
GWG is linked to LGA [53]. These studies may overestimate
the effect because most fail to subtract babies’ weight from
total weight gain; the resulting part-whole correlation between
the component of weight gain of the fetus and birth weight
necessarily overestimates this relation. Kramer and colleagues
showed a similar problem when studying preterm birth, which
is further compounded by changes in velocity of weight gain
over gestation [56]. Recent studies of large cohorts of women,
including obese women suggest these associations are stronger
for women of normal weight. Among women who are obese,
excess GWG is linked to a greater risk of LGA and macroso-
mia, whereas inadequate weight gain shows a less strong rela-
tion with SGA and LBW [57, 58].

Maternal Outcomes

Overweight and obese women are more likely to develop
pregnancy complications including gestational diabetes and
hypertensive disorders of pregnancy [9]. Results from the
EDEN mother-child cohort suggested that net GWG was
directly related to the development of gestational hyperten-
sion [59]. Findings from investigations exploring the relation
of GWG to the development GDM have been mixed [60, 61].
The relation of GWG to other outcomes may be different for
women with pregnancy complications, potentially because
the diagnosis may prompt lifestyle changes that may affect
overall weight gain [51]. For women entering pregnancy
obese, interventions during the prenatal and postpartum
periods may also mitigate these risks and improve long- and
short-term outcomes for mothers and their children. Key
targets for intervention include optimizing GWG, encourag-
ing postpartum weight loss, as well as working to address
maternal and infant factors that might play a role in setting
children’s trajectory towards a healthy weight as they grow.
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Prenatal Interventions to Reduce Maternal
Weight Gain

Prenatal interventions generally address reduction or restric-
tion in weight gain during pregnancy among samples of preg-
nant women in general as well as samples of overweight or
obese women. The interventions focus primarily on diet, physi-
cal activity, and lifestyle alone or in combination. Some studies
also evaluated whether additional strategies are needed such as
goal setting related to weight loss to enhance the impact of diet
and lifestyle interventions. The evidence supporting these inter-
ventions is not strong, although it is most consistent for dietary
interventions among normal weight women.

Thangaratinam et al. provide the most comprehensive
review and meta-analysis of studies of interventions in preg-
nancy and their impact on maternal weight gain [62, 63]. Their
review evaluated 44 randomized controlled trials of interven-
tions related to diet, physical activity, and lifestyle. The results
of the meta-analysis show a modest effect of the interven-
tions on reducing weight gain but with considerable hetero-
geneity across studies. Among the 34 trials evaluating GWG,
the impact of any intervention, regardless of the specific
intervention, was estimated to result in a reduction of
—-1.42 kg with 95 % confidence intervals (-0.95; —1.89 kg).
The ten trials of dietary interventions alone showed the larg-
est impact with estimates of reduced weight gain of —3.84 kg
(-2.45; -5.22 kg) [62]; they also showed the largest effect of
all interventions on BMI at delivery, when assessed [63]. The
reduction in GWG in the 14 trials of physical activity was
modest, —0.72 kg (-1.20; —0.25 kg), as well as in the mixed
intervention trials, —1.06 kg (-1.67; —0.46 kg). A small but
statistically significant reduction was noted in birth weight in
the 28 trials with newborn data. A significantly reduced odds
of preeclampsia was shown in 6 trials of dietary interventions
and of GDM in 3 trials of dietary interventions. Mixed inter-
ventions showed no effect on preeclampsia or GDM, and
neither maternal outcome was evaluated in trials of physical
activity [62, 63].
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The evidence related to weight gain was graded by
Thangaratinam et al. as modest, but the overall quality of the
evidence for an impact on GDM and gestational hypertension
was low [62, 63]. Studies varied by sample characteristics,
whether they included overweight or obese women or women
of all prepregnancy weight and whether additional components
were evaluated such as goal setting. All studies were con-
strained by selection of women in prenatal care with attendant
effects on external validity. Few studies evaluated the impact of
the intervention on postpartum weight retention, infant growth,
or whether there were real, sustained changes in diet.

The review by Thangaratinam and colleagues included all
women regardless of prepregnancy weight [62, 63]. Oteng-
Nini et al. reviewed 13 randomized clinical trials and 6 non-
randomized studies of prenatal dietary, physical activity, and
behavioral and lifestyle interventions among overweight and
obese pregnant women [64]. They reported a decrease of
-2.21 kg (-2.86; —1.59 kg) in ten trials in which GWG was
studied as well as a suggestion of a reduced rate of GDM in
studies in which it was evaluated. They found no evidence of
a reduction in LGA births. The overall quality of the studies
was assessed as low to moderate. The results of a review by
Dodd and colleagues also suggested no impact of dietary
interventions on LGA births among overweight and obese
women [65]. Although they found that women in seven trials
gained significantly less weight in the dietary intervention
group, adjustment for heterogeneity among studies using
random effects models resulted in nonsignificant differences.

Some studies have also evaluated whether interventions
may be effective in reducing excessive weight gain during
pregnancy [66, 67]. Ronnberg and Nilsson evaluated studies of
interventions to reduce excessive GWG and found the evi-
dence to be of insufficient quality to develop recommenda-
tions for clinical practice [68]. In an alternative approach,
Brown et al. reviewed five studies of goal setting in combina-
tion with modifications in diet, physical activity, or both [69].
Although goal setting appeared to be useful to women, the
impact of specific aspects of goal setting was unclear.



244  D.B. Ehrenthal et al.

The results reported by Thangaratinam and colleagues are
similar to other reviews conducted on specific interventions
[68-72], suggesting some promise for the dietary interven-
tions in particular but limited impact overall of interventions
to reduce GWG. There are a number of gaps in the literature,
particularly failure to evaluate the long-term impact of the
interventions on women or their infants, as noted above.
Studies also lack theory or conceptual models to support
the interventions from a behavioral modification perspec-
tive [70], although some attention was given to goal-setting
strategies as a component of the intervention [69]. There is
also limited information about specific interventions, making
it difficult to replicate studies or to develop clinical practice
recommendations. Studies are needed with adequate samples
to evaluate the reasons for heterogeneity of findings across
studies and to evaluate whether there are subgroups of
women who would benefit most from specific interventions.
In addition, it is reasonable to postulate that dietary inter-
ventions which result in close to a 4 kg reduction in weight
gain may also reduce postpartum weight retention, but the
magnitude of the impact may be small over the life course
of a woman if the intervention does not result in long-term
change in diet or alter whether or not a woman becomes
overweight or obese.

Maternal Prepregnancy BMI Associated
with Decreased Initiation and Shorter
Duration of Breastfeeding

High prepregnancy BMI can adversely effect breastfeeding
rates. Despite Healthy People 2020 Goals [73], recommenda-
tions of the American Academy of Pediatrics [74], and wide-
spread recognition of the benefits of breastfeeding, the
percentage of women who breastfeed in the United States did
not meet the Healthy People 2010 goals. Among all births in
the United States in 2006, 74 % of mothers ever breastfed and
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44 % continued through 6 months of age. The corresponding
the American Academy of Pediatrics similarly recommends
exclusive breastfeeding through 6 months of age and contin-
ued breastfeeding for 1 year or longer as complementary
foods are introduced and as mutually desired by mother and
infant [74].

In a review of the literature, Wojicki reported 12 studies of
breastfeeding initiation; the results of 9 studies showed an
association between overweight and obesity prior to preg-
nancy and failure to initiate breastfeeding [75]. Of the 12
studies that considered duration, 10 reported an association
between maternal overweight or obesity and decreased dura-
tion. Among 2 of the 9 studies of breastfeeding initiation and
2 of the 10 focusing on duration, these relations were
observed for selected subgroups, although most studies did
not stratify analyses by race and ethnicity. Wojicki suggests
that differences by race and ethnicity may reflect underlying
sociocultural, environmental, or physiological factors and
that these factors are important to address in interventions to
promote breastfeeding.

Most studies of breastfeeding have not considered the role
of medical complications. Kistantis et al. conducted a study
that stratified analyses by presence or absence of medical and
delivery complications (e.g., hypertension, fetal distress, ges-
tational diabetes, meconium) [76]. The study results showed
that decreased initiation and duration was limited to over-
weight or obese women with complications. Wojicki noted
that possible reasons underlying the association between
obesity and breastfeeding may relate to biological changes
(delayed prolactin response), mechanical issues (positioning
the infant), behavioral factors (choice and intentions), and
psychological factors [75].

In a Belgian retrospective cohort study of 200 women,
Guelinckx et al. reported decreased initiation and duration of
breastfeeding among both obese and underweight women
with no association between initiation and hypertensive dis-
orders [77]. More recently, in a sample of 550 women partici-
pating in the Pregnancy, Infection, and Nutrition Postpartum
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Study, Mehta and colleagues confirmed the link between
prepregnancy overweight and obesity and reduced initiation
and duration of breastfeeding [78]. Most importantly, they
found that these relations were not mediated by depressive
symptoms, perceived stress, or anxiety during pregnancy.

Although the association between obesity and decreased ini-
tiation and breastfeeding well established in the literature, there
is little understanding of the underlying mechanisms. While pri-
mary efforts are needed to reduce obesity, further studies also are
needed to understand the underlying mechanisms in order to
determine whether interventions should address mutable factors
that may increase breastfeeding among obese women. These fac-
tors may include anatomic barriers that require support of
breasts to facilitate appropriate latch-on, reduced willingness to
seek support for breastfeeding that requires enhanced and tar-
geted outreach, and concerns over body image which might
necessitate strategies to promote comfort of breastfeeding in
public [77]. In the absence of studies, it is difficult to understand
the barriers to breastfeeding among obese women.

Maternal Prepregnancy BMI and Gestational
Weight Gain Influence Infant Growth
at 1 Year

In addition, to birth outcomes discussed previously, prepreg-
nancy weight also is associated with infant postnatal growth.
Growth in the first year of life is of particular interest given the
association between rapid early growth and subsequent child-
hood obesity [79-81] and cardiovascular disease and diabetes
in adulthood [82, 83]. In addition, growth in the first year of life
reflects the establishment of early feeding, physical activity,
and sleep practices which, when unfavorable, may contribute
to the development of obesity in later childhood. Numerous
studies have also determined early growth rate to be a strong
predictor of childhood obesity [84].

Using data from the Pregnancy, Infection, and Nutrition
Study, Deierlein et al. reported that prepregnancy overweight
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and obesity were associated with greater weight for age and
weight for length at 6 months, but not with length for age, after
accounting for other infant and maternal characteristics [85].
The relations were attenuated, however, when birth weight
was taken into account in the analysis, the effect of prepreg-
nancy overweight and obesity on growth indices at 6 months
were largely explained by the relation of prepregnancy weight
with prenatal growth.

With regard to body composition, Chandler-Laney et al.
observed that prepregnancy BMI was also associated with a
child’s total lean mass, but not total fat mass or trunk fat mass
at 12 months, after adjusting for infant length and rate of
weight gain in the first year [86]. The authors speculate that the
association may be attributed to genetic susceptibility or the
intrauterine environment. Total and trunk fat mass, in their
study, was associated with weight gain in the first year of life,
particularly in the first 6 months; this association is of particu-
lar interest given the role of rapid weight gain in early infancy
on future body composition and fat deposition.

Data from the Pregnancy, Infection, and Nutrition Study
also inform our understanding of the relation of GWG to
infant growth [87]. Infants born to women with GWG up to
199 % of the 2009 Institute of Medicine (IOM) recommenda-
tions had higher weight for age and length for age z-scores
between birth and 3 years of age than women with appropri-
ate GWG, while infants born to women with GWG of 200 %
or more of the recommendations experienced higher weight
for age, length for age, and weight for length z-scores. These
findings were first observed in early infancy and persisted
through 3 years of age. Also, these associations remained
after adjusting for prepregnancy BMI, maternal diabetes
prior to pregnancy, and demographic characteristics. The
authors note that “in utero programming effects beyond fetal
growth” may contribute to persistent faster rates of growth as
might the postnatal feeding environment (e.g., feeding behav-
iors, diet quality) and genetic susceptibility to rapid growth.

Multiple studies suggest that increased GWG in pregnancy
is associated with higher growth parameters in the first year of
life, through adolescence and into adulthood. The extent to
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which the accompanying adiposity, hypertension, and lipid
abnormalities that track into adulthood are related to subse-
quent obesity, in utero exposures, or genetic susceptibility
remains unclear. Moreover, the association of GWG with
childhood BMI and adiposity likely varies by prepregnancy
BMI status with inconsistent results reported, although gener-
ally stronger relations are found among women who are
under or normal weight [13, 88]. Gillman argues that prepreg-
nancy BMI, rather than GWG, is a more relevant, modifiable
factor and suggests further need to understand the different
components of weight gain during pregnancy including mater-
nal tissue, fluid accumulation, the placenta, and the fetus [89].
Chandler-Laney explored the role of GWG in predicting lean
mass at 12 months and found no association independent of
prepregnancy BMI [86], while others, as reviewed by Poston,
have reported associations between GWG and greater fat
mass later in childhood and adulthood [90].

Further work is needed to understand the independent
effects of prepregnancy BMI and GWG on infant growth and
body composition in order to design more effective interven-
tions [91]. A two pronged approach of optimizing the health of
women prior to pregnancy and assuring appropriate weight
gain during pregnancy may be needed to improve pregnancy
outcomes and assure that infants start life on a healthy trajec-
tory with regard to nutritional and metabolic status.

Conclusion

Obesity is widely recognized to be associated with multiple
chronic diseases and to adversely affect women’s health across
the life course, regardless of pregnancy status. As discussed in
this chapter, obesity and inappropriate weight gain during preg-
nancy have detrimental consequences for women’s health, birth
outcomes, and infant growth in the first year of life. Reducing
obesity prior to pregnancy has the potential to address modifi-
able behavioral, social, and environmental factors that may
predispose both women and their infants to excessive weight
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gain and to establish healthy trajectories that are more likely to
achieve healthy weight for both. It also has potential to decrease
health care utilization by decreasing the incidence of chronic
conditions resulting from obesity-related effects in the mother
such as gestational hypertension and diabetes.

Interventions that address obesity among women prior to
pregnancy are limited to date but have the potential to
improve women’s health, improve birth outcomes, and pre-
dispose children to optimal health, healthy weight, and physi-
cal activity. Interventions that address GWG may have
additional positive impacts but may be too little or too late
and should be considered as adjunct therapies in addition to
addressing maternal obesity. If these interventions, particularly
related to diet and physical activity, have long-term impact
including behavior change, then they should be part of a life
course strategy to maintain healthy weight in women. Long-
term evidence, however, is not available.

Pregnancy provides an important opportunity to instill and
reinforce positive lifelong habits for women and their infants,
particularly among women who have not been receiving rou-
tine health care services. The Affordable Care Act, which
promotes delivery of preventive services through a yearly well
women visit without copayments or other cost sharing mecha-
nisms for women, provides an important opportunity to
deliver more regular health care services to women prior to
pregnancy. This approach includes an opportunity to recog-
nize and address obesity among women of childbearing age.
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Maternal Obesity

and Implications

for the Long-Term Health
of the Offspring
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Abstract The current epidemic of obesity among women of
childbearing age has serious implications for both the woman
and her potential offspring. The adverse pregnancy outcomes
associated with maternal obesity, as well as the long-term impli-
cations for the mothers’ health, are well established. However,
there is increasing evidence indicating that offspring of obese
mothers have an increased risk of obesity, cardiometabolic risk,
adverse neurodevelopmental outcomes, and respiratory chal-
lenges, which follow them all the way to adulthood. This chapter
provides clinicians and researchers with an overview of the
long-term health implications for offspring exposed to maternal
obesity.
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Key Points

e There is substantial evidence linking maternal obe-
sity and excessive gestational weight gain to an
increased risk for obesity in the offspring.

e Although only a small body of evidence exists, there
is a link between maternal obesity and adverse neu-
rodevelopmental outcomes and asthma.

e The evidence available on the long-term health
impact of exposure to maternal obesity during preg-
nancy warrants the development of intervention
strategies targeting reduction of obesity in women of
reproductive age prior to initiating pregnancy.

e Future research should focus on the conduct of
human studies to elucidate the mechanisms underly-
ing the associations between maternal obesity and
long-term offspring health.

Introduction

Given the epidemic increase in overweight/obesity in the
United States, it is not surprising that national data show that
a substantial number of women begin pregnancy either over-
weight (12.1 %) or obese (22 %) [1]. In a recent study includ-
ing 75,403 women from 26 states and New York City, the
authors report that one in five women who delivered a live
birth were obese [2]. Of this group of women, non-Hispanic
blacks had approximately a 70 % higher prevalence of obe-
sity when compared to non-Hispanic whites and Hispanics
(black: 28.9 %; white: 17.4 %; Hispanic: 17.4 %) [2].
Maternal obesity is of great significance not only because
of adverse effects on maternal health and pregnancy out-
comes, but also because of the growing evidence of persistent
deleterious effects on the offspring. As detailed in Chap. 9,
maternal obesity is associated with short-term risk in the off-
spring, but there is increasing evidence that maternal obesity
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may have longer-term influences on offspring health, which
may be in part attributed to shared genetic and environmen-
tal factors in addition to developmental programming. As
such, the potential social and economic costs in terms of
health of future generations present a significant burden.

Developmental Programming

There is a growing body of evidence suggesting that events in
utero have long-term influences on disease risk later in life [3].
In 1977, epidemiologic studies of Anders Forsdahl in Norway
demonstrated a causative link between early-life environmen-
tal factors and subsequent disease [4]. More recently, David
Barker and colleagues in the United Kingdom have expanded
this area of research, giving birth to the fetal origins hypothesis
which proposes that changes in fetal nutrition and endocrine
status result in developmental adaptations that can cause per-
manent structural, physiological, and metabolic changes in a
fetus, which predisposes him/her to cardiovascular, metabolic,
and endocrine disease in adult life [3]. Recently this idea of
developmental programming has been described as the devel-
opmental origins of health and disease [DOHaD] which pro-
poses that the conditions presented during a critical window of
development can lead to permanent programmed alterations
in physiology [5]. Over the last decade, population-based stud-
ies conducted in the United Kingdom, Sweden, Finland, Japan,
India, and the United States consistently support the idea of
developmental programming of adult disease [6]. These studies
have primarily focused on the effect of undernutrition and low
offspring birth weight on increased risk of cardiovascular dis-
ease, type 2 diabetes, and hypertension, all of which share
obesity as a common risk factor. Moreover, these studies pro-
vided the basis for the thrifty phenotype hypothesis, where the
developing fetus adapts to an adverse intrauterine environ-
ment and has a survival advantage if the post birth environ-
ment is also poor, but these adaptations may be not well suited
to an abundant postnatal environment [7].
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Maternal obesity and intrauterine overnutrition are not
commonly studied programming factors. However, given
the rise in maternal obesity, recent studies have focused on
the detrimental effects of intrauterine overnutrition. The
pregnant obese mother has increased levels of circulat-
ing inflammatory cytokines, increased insulin resistance,
glucose levels and lipids, and an elevated supply of nutri-
ents to the developing fetus. A developmental overnutri-
tion hypothesis has been developed which proposes that
increased fuel supply to the developing fetus leads to per-
manent changes in offspring metabolism, behavior, appetite
regulation with increased risk of obesity, metabolic, and
behavioral problems in adult life [5, 8, 9]. Most of the stud-
ies designed to test the overnutrition hypothesis have been
primarily conducted using animal models which allows for
in depth investigation of the complex pathways involved.
These pathways are quite complex and multifactorial. There
is the complex maternal-fetal relationship during pregnancy
and the potential influence of the postnatal environment.
As such, it is difficult to disentangle these effects in human
studies. In this developing area, most of the research thus
far report phenotypic outcomes, but the underlying mecha-
nisms are yet to be understood.

Consequences of Maternal Obesity
on Offspring Outcomes

We have only recently begun to investigate the influence of
maternal obesity on long-term offspring outcomes. This is
due in part to the lack of suitable data sets with good
records on maternal obesity prior to and during pregnancy
and offspring of a suitable age to manifest outcomes of
interest. However, there is accumulating evidence of the
influence of maternal obesity on childhood and adolescent
obesity, as well as metabolic outcomes including insulin
resistance, hypertension dyslipidemia, adverse neurodevel-
opmental outcomes, and asthma.
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Obesity

Offspring obesity risk is the most studied long-term effect of
maternal obesity. There is consistent evidence, which suggests
that maternal obesity has long-term detrimental effects on
offspring obesity risk [8]. Several studies have demonstrated
a relationship between increased pre-pregnancy body mass
index [BMI] and maternal BMI during pregnancy with
increased BMI in the offspring [8, 10-15]. One large cohort
study with 8,400 children, reported that children born to
obese mothers (using BMI in the first trimester) were twice
as likely to be obese by 2 years of age [10]. This risk of obesity
persisted with increasing age, such that for women with BMI
>30, the prevalence of childhood obesity in their offspring at
ages 2,3, and 4 years was 15.1, 20.6, and 24.2 %, respectively.
Offspring of obese mothers had between 2.4 and 2.7 times the
obesity prevalence of offspring of mothers with normal BMI
(18.5-24.9 kg/m?) at the different ages assessed. In addition,
there is also evidence of alterations in body composition of
offspring of obese mothers, specifically fat mass [16-18]. In
several studies, the influence of maternal obesity on offspring
obesity persists into adulthood even after adjustment for cur-
rent lifestyle factors up until the age of 31 [8].

Gestational Weight Gain

In humans, there are no studies addressing overnutrition spe-
cifically during pregnancy; however, gestational weight gain
may closely reflect this exposure in utero for the developing
fetus. A number of studies have demonstrated an association
between maternal gestational weight gain and later obesity in
childhood [19-21], adolescence [12, 22, 23], and early adult-
hood [15, 24, 25], while some have not shown this association
[26,27]. The effects in these studies are less than that observed
with maternal obesity, but given the high prevalence of exces-
sive gestational weight gain, these associations are important.
Nevertheless, there is some evidence that the effect of
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excessive gestational weight gain is stronger among under-
weight/normal weight women [24]. In contrast, there is evi-
dence showing modest association between excessive
gestational weight gain among normal weight women and a
stronger association among mothers with higher pre-
pregnancy BMI [15]. Interestingly, Stuebe et al. [15] also
reported an increased risk of offspring obesity for obese
mothers who gained less than 15 1b, thus suggesting the impor-
tance of adequate nutrition during fetal development.

Interpregnancy weight gain is another important con-
tributor to offspring obesity. Maternal weight gain and
increased BMI between pregnancies has also been found to
be associated with increased risk of overweight in offspring
compared with their siblings [28]. In addition, interventional
strategies to reduce the weight of obese women via bariatric
surgery also reduce the risk of obesity in subsequent off-
spring compared to those born before the weight loss inter-
vention [29, 30]. These data show a disproportionate risk in
offspring from the same mother under different in utero
conditions. One 21 year prospective study [24] reported that
the offspring of mothers who became overweight or
remained overweight or obese over 21 years were more
likely to be overweight at age 21. These results persisted
even after adjustment for age, education, tobacco consump-
tion during pregnancy, offspring birth weight, breastfeeding,
TV watching, sports participation, and family meals. These
findings suggest that if mothers maintain a healthy weight
over a long postpartum period, their offspring may have a
reduced risk of obesity.

Although there is consistent evidence of an association
between maternal obesity and offspring obesity risk, the
mechanisms underpinning this association are not well
understood. However, the use of animal models has high-
lighted the possible role of altered leptin production and
regulation, changes in hypothalamic regulation of key genes
involving appetite control and energy balance, alterations in
skeletal muscle metabolism, and altered placental structure
and function [8].
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Metabolic Outcomes

Human studies assessing the relationship between maternal
obesity and offspring cardiometabolic risk are limited. A small
number of studies have explored other cardiometabolic out-
comes such as insulin sensitivity, glucose levels, lipids, and even
type 2 diabetes. These studies are summarized in Table 11.1.
There have only been a few studies to examine the relationship
between maternal obesity and blood pressure [31-35]. Most of
these have examined blood pressure during childhood only [31-
33], and just one study has examined offspring blood pressure
during adolescence [34] and in adulthood, respectively [35]. These
studies consistently report a significantly positive association
between maternal obesity and blood pressure as shown in
Table 11.1. To our knowledge, to date, only two studies have
examined the association between maternal obesity and meta-
bolic markers such as insulin and glucose in offspring beyond 1
year. Mingrone et al. [37] compared insulin sensitivity, insulin
secretion, and body composition in offspring of obese mothers
with those born to mothers with normal weight. They found that
offspring of obese mothers were significantly more insulin resis-
tant (410+91 vs. 500+60 ml™! - min™') and had higher prevalence
of hyperinsulinemia than offspring of normal weight mothers, but
found no difference in f-cell glucose sensitivity impairment.
Similarly, in the Jewish Perinatal Family Follow-Up Study birth
cohort, Hochner and colleagues investigated the association
between maternal obesity and cardiometabolic risk factors in
offspring at age 32 [35]. In this study, maternal obesity was inde-
pendently associated with insulin, triglycerides levels, and lower
HDL as shown in Table 11.1. These findings concur with the find-
ings of Catalano et al. who reported that at birth, offspring of
obese mothers had higher insulin resistance, leptin, and IL-6, sug-
gesting that maternal obesity results in a high cardiometabolic risk
phenotype, with increased cardiometabolic risk beginning at birth
[38]. One study [11] examined the association between maternal
obesity and metabolic syndrome in offspring. Boney et al. [11]
reported an independent effect of maternal obesity on risk of
metabolic syndrome in a study of 179 children at ages 6-11 years.
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Asthma

Previous studies have found that obesity and asthma occur
concurrently in both children and adults. However, the causal
direction and mechanisms are not understood [39]. Overweight
is associated with increased levels of proinflammatory cyto-
kines. As such, offspring of obese mothers are exposed to
increased levels of proinflammatory cytokines during fetal
development which may affect the immunological and pulmo-
nary development and result in asthma symptoms after birth.
There is a very small body of literature on the association
between maternal obesity and asthma and asthma-related
symptoms [40-46]. All of these studies consistently show an
increased risk of asthma [41, 43-46] or wheezing [40, 42] as
shown in Table 11.2 among children between 6 months and 16
years for offspring of mothers who are obese compared to
offspring of nonobese mothers. One study even demonstrated
a dose response relationship between the degree of maternal
overweight status during pregnancy and increased risk of
asthma in the offspring [43].

Neurodevelopmental Outcomes

The cardiovascular and endocrine systems may not be the only
systems altered by maternal obesity during pregnancy. In fact, a
systematic review suggests that infants born to obese mothers
are at increased risk of central nervous system (CNS) develop-
mental problems [47]. There is substantial evidence from ani-
mal models which suggests that maternal obesity increases the
risk of the development of neurological and psychological dys-
function. Results from extant human studies provide additional
support that maternal obesity may be linked to mental health
disorders in children as summarized in Table 11.3. In a recent
systematic review [58] of 12 studies reviewed, five provided
clear support for an association between maternal obesity and
neurodevelopmental problems including childhood 1Q [53],
attention-deficit/hyperactivity disorder [ADHD] [55], schizo-
phrenia [49, 51], and eating disorders [59].



272 K. Baptiste-Roberts

(s1019%] [RIOIABYQQ

pue 011)91$qQO [BIIPIW
‘ryderowaporoos)
SO)JRLIBAOD 10] Judur)snipe
1o (9L'1°€0'T 1D % S6
€ T=¥0) SpPpo 1y3Iy
% € B pUR 9JeLIBAIUN J1])
ur (€61 8T IO % S6
TS T=¥O) ewyise Qs
pasousgeIp pIIyo © Julary
JO SIOYIOW 3S2qOUOU
uet) Sppo 12431y %, 7§
peY sIoyjoul 95990

IL6'T=N

sanm §N 0T

ur speyrdsoy ¢/
00028661 Apmis
110700 [IIq

pIodax [eurpnIuo|
[eoIpowW WO} 3uro3uo ue
popensqe sy Apnjs Suroqqom [sy]
11odar-yros pue 1ySrom PIYD pue (8002) T2 12

SIBOA ¢  MOIAIDIUI [BUIOIRIA Koueugoid-org  sorweq o[ider] Apnjs }10Y0d yuIg URWDIOY

sgurpury dn-mojjoy INSEIW BUWISY amseawr  Jupyasprdureg udisa@  [9dudrdyaa]

je ady £)1S9q0 [eUIRIA (183£) saLdg

Suridsyjo oy ur ewylse pue Adueugord Juump A)1soqQ ¢ 1T A14V],



273

Maternal Obesity and Implications

Chapter 11.

(ponunuoo)

(€€T20T IO

% S6°L1'T 4O pasnipe)
33 G107 Surures sioyjow
s paredwoo Aoueudord
Surmp 3y ¢z< Surured
s1oyjow Suowe sppo
189y oy s (10°0=4)
DMD JUISLIIOUT YIIM
ApueojIugdIs paseaIoul
IOAD ewyIse pasouSerp
-10J00p JO SPPO YL,
(16112110

% $6°S'T MO pasnipe)
9s59q0 A19A 10 (91T
PETIO % S6¥S'T VO
polsnipe) s1oyjouwr 9s9q0
3o waIp[IYd (100070 > d)
IoA euuylse pasougerp
-10J00p JO SPPO PASEIIIUT
Apuesyrugdis pey (NG
ySIy yam sIayjowr

JO UQIPIIYD ‘SISYIOW
JY31oM [eWLIOU JO
uaIp[IYd YIM paredwo))

ured jysrom
[euon©ISOT
payrodoar-jjos
pue ma1AI Ul
Juleseq wWoly

BUIYISE  SOINSBOW JY3Ioy
pasougep-10300p pue 1y3rom
s1eok / paytodaI-Jjos payiodal-Jo8

(20029661
JUQW[[OIUD)
[oanal woyo)
g feuoneN
ystued 2y)
woiy sired
PIIyd-1ayjow
YL8'8E=N

Apnis 110400
3q ystueq

[1+]
(€102) T2 10
sosdiey



274 K. Baptiste-Roberts

Aoan00dsar ‘(61
6I'TID % S6 ‘TS T=¥0
pue /y' T 10T 1D

% $6CC1=40)
9Z9oUM JULLIND pue
9Z99UMm ISAJ JO YSLI

9Y) UI 9SBOIOUT UB 1M
pajeIdOSse ApuedyIugis
sem 9193 doy ayy

ur jySrom Aoueudord
-o1d TeurdlRW IOYIIH
(ewuy)se JULIND 10} £9']
TOTID % S6 ‘0€'T=90
{eWI)SE JUDLIND I10]

PUe $S'1 ‘90T :ID % S6
QT 1= 0) SIUSdsAOpE
Ul BUWIYISE JOAD M
paje1oosse AjjuedyIusis
sem Jy3rom Aoueudord
-o1d reuroyew Y3y

SIROA
91-C1

pajemored
[ING pue pI0921

[edIpoW WO}

pajoeIIsqe 9IoM

swojdwAs ewy)se Jy31oy pue
paytodaI-Jjos Koueugord-o1g

SP6'9=N

9861
sunf-¢g61 Amf
110400

YiI1q puejuLy
WISY)ION

Aprs 310400 [p+] (2102)
oanodadsorg  Te 19 [91ed

sguipury dn-smojgjoy

je a8y

INSLIW BUIY)SY amsedw
£)1S9q0 [RUIdRIA

Sumpas/apdureg

udisd@  [9dudrdyaa]
(1234) sa119§

(ponunuod) z'11 a14v],



275

Maternal Obesity and Implications

Chapter 11.

(panunuod)

(€0 =uonoeraur 103 d)
uaIp[Iyo juonbosqns pue
[)INOJ UI I93BAM OS[B SeM
pue (10°0=uonoeIoul
105 d*(€0'T°00°T 1D

% S6‘T0'T=¥0) skoq

ur uey) ([N Ul 9sea1our
yun 12d (S0°T 20T 1D
% S6 ‘40 T=40) S[13

ur 105u01)S 1eYMIWOS
sem [N [eulojew

JO 109JJ0 1) ‘s1eak

8—0 93k 1y 'soge [e I
IBQUI| SEM UONBIDOSSY
uonezieydsoy

pue 9sn QUIIPAW JO
SULIS) UT 309 PIIYyd 9y ut
BUIY)SE JO YSLI PAsLaIoul
ue )M pojeIoosse
Apuolsisuod sem JING
[eurajewr 1oySIy

0€<TNg

(uorne)sad

Jo $329M (1-8)

JISIA [EJEUQIUE

Sundsyjo [enrur woij
ur ewyisy  pajenored NG

6ZE6TT=N
600¢C pue

8661 U99M19q
uapomg A1uno)
Woyx203§ ut
u10q UAIP[IYO
[IV "uopamg

Apnis 110400
aAndadsonoy

[ev] (1102)
.~.® 19 2MOT]



276 K. Baptiste-Roberts

€L
‘89’110 % S6 ‘IS€=U0
MQMNOQSB JUAIINJAI mo
J[SLI poseaIoul ue pey
(02 1NE) stoyrow
OmOQO mo Eouﬁ:ﬁ—o

INg

[EUWLIOU [)IM SIOYIOW

JO UDIP[IYd I0J Uey)
Koueugoxd Furmp asoqo
QToM OUM SIOUIOW [IIM
ULIP[IYd 10§ (6 T 1D
% $6) 19Y3IY % €'¢ Sem
pue Aoueudoxd ur [ING
[euIojeWr

) A[Teour] paseaIour
9Zo9yMm JO YSLI Y],

sIBok ¢~

syyuowx
819

(uonoensqe p1odo1
[BI1PAUI O1UOIIIID
Sursn owin 91|
s300[qns oy} ur
SSQU[[I FUIZOAYM
popuope A[fesrpow
Jo soposido 10w
10 ) SuIzooym
JUOLINOAY

j10da1-jros

BIA pOUIL}qoO YiIIq
I9)je Syjuow g
pue g je pajrodar
9z09yMm pue S|T'T
10J uonjezipejrdsoy
[srra1l
SUOT)OQJUI J0RT)
K10ye11dsar 1omo

ysey

pue jysrom
Koueugoid-oxd
pairodai-jjog

arreuuonsanb eia
paurelqo 1ysioy
pue jysrom
Koueugoid-oxd
payrodaI-jjos
woJJ Paje[nored
IIN9 [euIole]N

SIBA $'ZF('E
Jo oS ueow

B 0} POMO[[O]
(yuesard-g66T)
11070D)

g uoisog
16T T=N

61 €E=N
(egoW)

Apnis 110700
PIIYD pue Iayjow
URISOMION

[zv] (0102)
11040 ‘e 19 Jewny|

[ov] (6002)
Apnis 11040 °[e 10 310qeH

surpury

dn-moyjoy
je ady

dInseduw ewy)sy

ansedw
£)1s9qo [eUId)BIA

Sumas/epdureg

udiso@  [9dud1dyaa]
(123K) saL1dg

(ponunuod) z'11 a14v],



277

Maternal Obesity and Implications

Chapter 11.

OnRI SPPO YO

(8TT°S0T'IO

% $6°7S'T = ¥4O)

STB9A § 1€ BUIY)SE JO YSLI
POSeaIOUT [)IM PIJRIDOSSE
Sem JYSTOMIOAO
Koueudord-oxd ‘(ewryyse
)m Juared ouo Jseo|

Ve SuIARY <o’ '§G(° [ =1)
ewyise 03 pasodsipaxd
UAIP[IYD Fuowry

SPI0I2)SO1}109

poreyut

uondrrosord

Jo osn pue

‘eoudsAp ‘0zasym

sIBoA g polrodaI-jos

1ystey

pue Jysrom
Koueudord-oxd
payrodai-jjog

Apnys A31o11E
9)IW pue BWISE
JO 20udpIOUl pUB

uonuaaaid oy}
ur syuedonred
€96°€=N

[ov]
(0107) B 32
1104o0) SuUOYS



278 K. Baptiste-Roberts

W/3Y 6'92-0°0C

gundsyo
pojdopjeUn
0LS‘9 pue
eruarydoziyos
JO SOsed €9

L961 PUE 6G61

IN9 Ym paredwoo uoomjoq sylIg
/3 0 <TINEG TIM SOI1d [ouuosrod vsn
SIOUIOW JO UAIP[IYD Y} Suisn pasougerp areoyieay £q  ‘[SAHD] Apmis [6¥] (0002)
10} 99°C'T 1D % S6 SIROA SIOpPIOSIp wnioads juoworud Apnys  juowdoloasg SCRE]
‘6'7=[a¥d] sy eanery 8¢€-0¢ pue erworydoziyog  1e paInsedu NG WeaH PIyD - Apmis 11040 19JoRYS
W3y 062161
TNE {3 sTogjour Jo
UQIP[IYD YiM pareduwod
/3 6T <TING YHm V'O S¥99M BT
SIOUJOW JO UDIP[IYD 10] (q 111 je Ioyjow Aq
9% ‘6°0 :[ID] TeAIOIUT JNS( Suisn pasougerp Aroanoadsoryar
20UIPYUOD % S6 Isteryhsd) payiodor NG (8LS'0T=N) [8¥] (8661)
‘T'z=["g0] onersppo sieaAk g7 eruaaydoziyos Koueugord-a1g pue[ur{ ApnjsiIoyo)  ‘[€ 39 souof
sgurpuyy £oy] dn-mofjoy AUI0dINO amseaw  Sun)asprdureg udiso@  [9duaxdyai]
1 3dy  [Buowdo[aAdpoindN  A)ISIqO [BUIdBIA] (1834) saudg

Suridsyjo ur sowooino juawdo[oAspoinau ural-guof pue Aoueugdard Sunmp AyseqQ €11 A14V],



279

Maternal Obesity and Implications

Chapter 11.

(peonunuoo)

(W00 1D % S6
‘6I'T=¥0) % 61 paseamnut
eruarydozryos Jo sppo
‘TN Aoueugard ojef ur
9SBAIOUI JIUN JUO AIGAS 10,]
(05'1-20'1 1D

% $6 v T="90) % ¥T
poasearout eruarydoziyos
Jo sppo ‘TINg Aoueudoxd
A[Ted uI oseaIdUI

Jiun | AI9A9 10

eruoxydoziyos

JO SppO paseaIoul
PIOJo21Y} & punoie pey
0¢> TING AoueuFoxd oref
)M SIQYIOW YIIm 9SOy}
‘0€< TINg Aoueugoxd
9JE[ © )M SIQYIOW JO
Sundsyjo 03 paredwo)
LrT-20T 10

% S6°60'T=¥0) INd
Koueugoid oje] [euIsIRW
UI 9SBAIOAP JIUN Yo
107 eruarydoziyos

JO SppO paseaIoul

[rews e pey suudsyo

(AL NSA
Sursn pasougderp

isteIyoAsd)
61 eruarydoziyog

1018139y 931BydsI(]
readsol woiy
paurejqo sisougerp
eruarydoziyog

[ouuosiod
o1uIp Aq SUSIA 996 Idlje 10 U0
QIBd [BJRUOIUE  WIOQ ()LS'9=N
JSB[ pUE ISITj JB  S[OIIUOD ‘TG =N
painseaw [NYg :saseo ueder

980°L=N
£€61 PUB 261
uoomloq syIg

SpPI0991 pueuLy
31q woly NG 410405 [111q
Aoueugaid e aAndadsorg

Apnis
[01)U0O—3sB))

Apnis 11040D)

[1s] (+002)
‘e 32 remedy]

[os]
(1002) TR 30
YoaqIyem



280 K. Baptiste-Roberts

(88°¢—¢'T

TO % $6) SE'T Pue
(LETOTTIO % S6)
19°T Jo sYO pasnipe
aanpadsar yim (% t'61)
s[onuod Ym paredwod
sdnois (% 6v¢) Aa
pue (% 9'87) ASV

) Ul IOYIIY sem DI
Kue jo ooudeadrd oy,
'S[OIIUO0D JO 9, €1
m paredwod 9s9qo
QIOM SIdYJOW JSBI JO
% 0z<:([19°¢-0T1

IO % $6] 80T 4O
‘ad(9sor1Io

% $6] 9T MO ‘dSV)
UWOM 9890 Suowre
poasearour AjjuedorIugis

(sTe)10mU0D
‘(cLnaa
‘(L19)asv
YOO T=N
Apnis
(JuowuosAuyg
OQH_ UEM
SO1]oUAL) WOoI)
sysry wsnny
pooypy))
ADYVHO

sem [.L] yuowdojoaap [adl QU3 UI Pa[[OIud
eo1d£) 03 eAne[RI ‘qQ sAefop reyuowdo[oaap KoueuFoxd UAIP[IYD JO [zs]
10 SV YMm piyo ‘[asv] 1eprosip 910J2q 10SUO eled "vVSN Apmis  (2107) T2 10
© Suraey Jo s oY, wnnoads wsnny M ‘0 < TING ‘BIUIOJE)  [OIIUOD—3SE)  BIMOYEId]
suipury £3y] dn-mofjoy Jauwodno amsedwr  gumnjas/ordureg udisa@  [9dudrdyaa]
133y [Budwdo[aAdpoIndN  AJSIQO [BUId)RA (1234) saL1dg

(ponunuoo) €11 a1av],



281

Maternal Obesity and Implications

Chapter 11.

(panunuod)

IN4G

[eULIOU peY SIdYjow
9soyM 9SOV} Uy}

1omo[ sjutod 9°G sa100s
[EQIOAUOU PUE JOMO]
syutod /' 910M UdWOM
95990 jo Furidsyjo

JO $21098 O] [[BIAQ

OI [eqloauoU pue

OI paonpal Apuedrjrugis
IM pajeIoosse JING
[euIo)RW UL JIUN |

JO asearour yoeyg
(200=d ‘6T0-=4)
A)1[IQe [BQISAUOU pUE
(100'0=d ‘sT0-=¢) OI
Jo 10301pa1d 2anedou
juedlIugIs B sem [ING
Koueugoid-o1d [eurojen

JINT 1933 syoom
SIS I0J0W J0U €7~ J& Iojow Aq

nq ‘ANpqe [enjodqaul - pajrodar-Jos [N
paysIunwI(g Koueugoid-o1g

6861-6861 Ut
u10q (SSE=N)
(s1eof o>

o3e o3eIoAe)
sired uaIpyIyd
—IoUJON
"(vsn) 1oyoo
aAnpadsord e
woij ojdweg

Apnjs 110402
aAndadsorg

[e<]
(£002) T8 30
NEYREING



€T CITIO % S6

‘P T="0 (9z<INE)
WYSIMIBAQ “LO'T 20T 1D
% S6 ‘YO T=90 TINg ut
asearour yun yoeq ‘(H4'1
LOTIO % S6 ‘T T=40)

SPPO PaseaIdUI IOY}INY
ures Jy3om ‘TN g Ysiy
Im uawom 10 ‘Suridspjo /86T-8L6T wiog
a3e-jooyos ut QHAY (9SS°TT=N) SPIO
Jo swoydwiAs 9100 pue IBOA-7] 01 -/
swow ut ures Jy3rom 1o JIN'T 191je syoam (eraeuIpUROS) [ss]
/Pue [N Y31y ueamiaq 0T >1e Sp10Ja1 110709 YMIq j10400 3IIq  (8007) Té 10
UOTBIDOSSE JATNISO] AHAV [edpaw woly [ING 2A1Radsold ¢ aandadsorg Zon3LIpoy

1 UM PIJBIDOSSE 10Joe]
Jolewr o) Se pourewal sey
SNJE}S SIIOUOII0I0S MO]
QMM ‘(] YIM POIRIOOSSE

1010€J SN0aFeIURAPESIP PIO SIBOA G 11>
MU € ST ANSIQO [BUIDJRIA dN'T 1€ (2E0'6=N
99°0C IO % S6 191je SyooMm CT 1 ‘9861 pue
‘9¢="0 195990 9861 ApAnoadsonar §0'TI=N ‘9961) [¥s]
I'€°0°ID % S6 (0.>01-a1) povodar-Jes NG SMOYOd Yuaiq (8002) Te 12
‘€ T=¥0 295990 996T A)[Iqesip [enjod[eIuy Koueudoard-o1g USIUUL] OMT, 11040)) BINYIOL]
suipury £3y] dn-mofjoy Jauwodno amsedwr  gumnjas/ordureg udisa@  [9dudrdyaa]
133y [Budwdo[aAdpoIndN  AJSIQO [BUId)RA (1234) saL1dg

282 K. Baptiste-Roberts

(ponunuoo) €11 a1av],



283

Maternal Obesity and Implications

Chapter 11.

(ponunuod)

juedIUISUI
:KyTeuonowd
EINSLRETN
juedIUISUIL
:KyanoerodAHg
WY erTID
% $6°60C=d0
:uonualeu]
198990
69'CTCT IO
% S6 ‘18 1=d0
:K)TeUONOWS
EINSRETN
JuBdIJIUSISUL
:KyanoerodA
SEE0TT IO
% $600C=d0
:uonudljeu]
JYSIOMIAQ
:330da1 19yoeay,
QW02INO
Aue 10J SppO paseaIoul
ou :110dar jusreq

1018139y yuIg

(poje1 10Uyoed}  [BJIPIIA YSIPOMS

pUE I9Y)ou) $9I00S oy wotj [INg
woydwis qHAV AKoueugaid-a1g

000C=6661
ulog
‘WILT=N)
Sp[O 18K~
(uopoms)
110102 Y3IIq
aAndadsorg

110102 Y111q
aandadsorg

[9¢] (0102)
ZoNGLIPOY



284 K. Baptiste-Roberts

SOIPNIS dNAUID) 10§ MATAINU] dNsouSeI ‘SOIA ¥ I NSA

tropaosip Ayeuosiad red£joziyos pue ‘sisoyoAsd 9A1}09JJe-UOU IO ‘IOPIOSIP JAIIJFRO0ZIYdS ‘Bruarydoziyos sopnjour (qsS

Suridsyjo jnpe

ayy ur AyanoeradAy
pue £)1s9qO0 [euIdjew
0} a1nsodxo oI19in ur
u2aMm)2q YuI| [ed130[01q
joo1p e 11oddns synsoy

(8=N
‘D0) [01U0d
jo Sundsyjo

KJIAT)OROI IB[NOSBAOIPIRD (6=N ‘00) [£s]
padueyUD pey os[e pue Q0T 952q0 Jo  Apmys [onuod  (Z107) ‘T 10
QAT}OR QIOW d10M OO AHAV/AanoeradAy Sunidsjjo qe T  —osed [ewruy SOpUBUIO
sgurpuyy £3y] dn-mofjoy auI0d)No amseaw  Junyasorduweg udisa@  [9dudrdjaa]

133y [puswmdopaadpoindy  £)ISaqo [euIdRIA (1834) saLdg

(ponunuod) €11 a14v],



Chapter 11. Maternal Obesity and Implications 285

Schizophrenia

Schizophrenia is fairly common. A review using data from sev-
eral studies reported the median values per 1,000 persons for the
distributions for point and lifetime prevalence as 4.5 and 4.0,
respectively [60, 61]. Estimates of the lifetime risk of developing
schizophrenia range from 0.3 to 2 % with an average of approxi-
mately 0.7 % [60]. As with other neurodevelopmental condi-
tions, schizophrenia risk has genetic and environmental
determinants [61, 62]. Accumulating evidence suggests that
schizophrenia may have origins in early life like other neurode-
velopmental and metabolic conditions. Cohort studies have
reported an association between risk of schizophrenia and birth
weight, suggesting that adult schizophrenia may be related to
alterations in fetal development [63-69]. Several studies have
also linked various maternal and obstetric factors with an
increased risk of schizophrenia [65, 70-72]. These include gesta-
tional diabetes, preeclampsia, emergency cesarean section, and
maternal obesity.

There is a paucity of evidence on maternal obesity and
schizophrenia risk [48-51, 72]. A recent review included four
studies [48-51] with 305 schizophrenia cases and 24,442 controls
[72]. All but one study reported an increased risk of schizophre-
nia among offspring of mothers with high maternal BMI during
pregnancy. Two of these studies [48, 49] reported slightly more
than a twofold risk of schizophrenia in offspring of mothers with
a pre-pregnancy BMI in the highest category (>29 and >30 kg/
m?) compared to offspring of mothers with pre-pregnancy BMI
in the lowest category (19.1-29 and 20.0-26.9 kg/m?). Kawai
et al. [S1] examined the association between early pregnancy
maternal BMI and schizophrenia and found a 24 % increased
odds of schizophrenia in the offspring with one unit increase in
maternal BMI during early pregnancy. In addition, Kawai et al.
[51] also reported a 19 % increase in the odds of schizophrenia
with a one unit increase in late pregnancy maternal BMI, while
in contrast, Wahlbeck and colleagues reported that offspring of
mothers with a late pregnancy BMI <24 kg/m? had 3.75 higher
odds of schizophrenia compared to offspring of mothers with
BMI >30 kg/m? [50].



286 K. Baptiste-Roberts

Although there was one discrepant finding, there is evi-
dence of increased risk of schizophrenia in adult offspring of
mothers who were obese during pregnancy. Several factors
could explain these findings. High pre-pregnancy BMI can
increase the risk of obstetric complications, some of which are
established risk factors for schizophrenia. As such, the increase
in schizophrenia risk observed in offspring of obese mothers
may be explained by the increased complication rates in obese
mothers. Another possible explanation is the development of
gestational diabetes. Maternal obesity is associated with
increased risk of gestational diabetes and poor glucose control
during pregnancy is also associated with increased risk of neu-
rodevelopmental abnormalities, and there is some evidence of
an association with increased risk of schizophrenia [65].
However, Kawai et al. [51] refute this explanation reporting
that none of the mothers in their study were diagnosed with
diabetes. Khandaker et al. propose maternal infection as a
potential mediating factor since there is a strong association
between infection and risk of schizophrenia [71] and obese
women are more susceptible to infection [72]. In addition,
maternal obesity may also contribute to the risk of neurodevel-
opmental disorders though activation of the innate immune
system and/or increasing levels of inflammatory cytokines [72].

There is a great need for further research. Future studies
should focus on the untangling of obstetric complications, diabe-
tes, maternal infection, and immune responses that may mediate
the association between maternal obesity and schizophrenia.

Attention-Deficit/Hyperactivity Disorder [ADHD]

There is a paucity of literature specifically on the relationship
between maternal obesity and attention-deficit/hyperactivity
disorder [ADHD]. In the studies reviewed, pre-pregnancy
obesity was associated with an increased risk of ADHD
[55-57]. One study reported a twofold increase in the risk of
emotional intensity regulation [56]. Obesity prior to pregnancy
also doubles the risk of the offspring developing ADHD
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compared to offspring of mothers with a healthy weight status
[55]. Although there may be some genetic influences on the
development of ADHD, even after adjustment for parental
ADHD, the association between maternal obesity and
increased risk for ADHD in the offspring persisted [56]. One
proposed mechanism is dysfunction in dopaminergic and sero-
tonergic systems that lead to ADHD symptoms [55].

Autism

Recent evidence indicates that fetal exposure to maternal
obesity may be associated with an increased risk of develop-
ing autism spectrum disorder [ASD] [52]. Leptin, a hormone
produced by adipose tissue, when produced in excess is
thought to be associated with placental dysfunction that dis-
rupts neurological development in utero [73]. When a group
of children with ASD was compared with a group of children
without ASD, the group with ASD had higher levels of leptin.
However, this possible mechanism is still in the early stages
of investigation [74]. Placental dysfunction observed with
hyperleptinemia has also been documented with high levels
of inflammatory cytokines. Numerous studies have demon-
strated that increased exposure of the developing fetus to
inflammatory cytokines increases the risk of behavioral
abnormalities consistent with ASD [75].

This field is at the budding stages of identifying and under-
standing the complex mechanisms by which maternal obesity
influences the development of neural circuitry that regulates
behavior. Despite the fact that few studies have examined the
associations between maternal obesity and neurodevelop-
mental outcomes in the offspring, there is some evidence
suggesting an increased risk of cognitive and psychiatric
problems across the life span, although there are some incon-
sistencies. Nevertheless, additional work in this area needs to
be done. Certainly there needs to be more evidence before
maternal obesity prevention and treatment can be touted as
beneficial to offspring neurodevelopment.
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Conclusion

This current body of evidence indicates that the current epi-
demic of maternal obesity will put future generations at greater
risk of adverse cardiometabolic, behavioral, and mental health
outcomes. There is an opportunity to break the cycle of obesity
during pre-pregnancy. The long-term goal must be to reduce the
incidence of obesity in pregnancy and increase awareness as to
the importance of establishment and maintenance of a healthy
weight prior to initiating pregnancy. Patients need to be exten-
sively educated during preconception counseling about the
long-term implications of obesity during pregnancy, not only for
their own health but that of their offspring which tracks into
adulthood. Although this strategy is ideal, the prevalence of
unintended pregnancy is fairly high. In the United States almost
half (49 %) of pregnancies were unintended in 2006 [76].

Although animal models have been useful in elucidating
underlying mechanisms, there is still a lot that remains unknown.
Teasing out the relative contributions of the fetal and postnatal
periods will be important in the design of effective interventional
strategies to ensure optimal long-term health of the offspring.
Animal studies have been providing some promising directions
in interventional strategies. Some of these strategies include:

e Dietary restriction prior to pregnancy. Results from ani-
mal models demonstrated a reduction in the effects of
maternal obesity on offspring programming [77, 78].

e Weight loss in obese women prior to pregnancy. There is
some evidence of improved offspring metabolic pheno-
type following weight loss among obese women prior to
initiating pregnancy [29, 30].

e Mild dietary restriction during pregnancy. During preg-
nancy, mild dietary restriction seems to be effective in
reversing programming effects [79, 80].

Weight loss strategies and simple dietary changes may
improve the metabolic milieu of the mothers and may posi-
tively impact the offspring. It is important to increase aware-
ness of healthy dietary behaviors before and during pregnancy
in order to reduce maternal obesity with the long-term goal
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being to reduce health risks for future generations. The cur-
rent evidence favors actions directed at controlling pre-
pregnancy weight and preventing obesity in women of
reproductive age. Failure to address maternal obesity may
ultimately accelerate the obesity epidemic through successive
generations independent of genetic and environmental
factors.
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Six of the studies focused on children age 5 and younger
including one study targeting infants; half of these studies were
prevention based. Thirteen studies addressed school-aged chil-
dren; all involved overweight or obese children. Only half of
these studies targeted and/or measure parent weight. Results
suggest that addressing obesity prevention and treatment from
a family perspective could be an effective strategy. Clinicians
who care for women of childbearing age should stress the
importance of family-centered approaches to develop healthy
weight in infants, preschoolers, and children, and when neces-
sary address weight management problems using parents as
agents of change both for their children’s weight and for their
own. Promising new studies offer new prevention strategies
for maternal and child obesity prevention approaches.

Keywords Families ¢ Obesity prevention ® Obesity treatment
e Children

Key Points

e Family-centered approaches are useful for prevent-
ing unnecessary weight gain in infants, preschoolers,
and mothers

e Parents are important “agents of change” for child
weight loss

e Targeting family weight loss (rather than child-only)
is underutilized strategy

e Multi-country evidence supports family-based
approaches to weight management

Background

Maternal and child obesity are major public health problems
in the United States (USA), including obesity during preg-
nancy per se, because national data indicate that about one of
five pregnant women in the United States is currently obese
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[1]. In addition, about 56 % of women aged 20-39 years old
(childbearing age) are overweight or obese, while even more
(66 %) women aged 40-59 years old are overweight or obese
[2]. Weight problems for US children (aged 2-19 years) also
are alarming: approximately 30 % are overweight or obese
[3], with higher rates observed in adolescents (34 %) and
school-aged children (33 %) than among preschool-aged
children (27 %) [3].

Obesity during pregnancy often results in increased use of
health-care services, as well as higher risk for such adverse
health conditions as gestational diabetes mellitus [1].
Overweight and obesity in childhood are associated with
poor health conditions that include greater risks for develop-
ing high blood pressure, type 2 diabetes, breathing problems,
fatty liver disease, and gallstones [4]. Further, overweight and
obesity that develop in childhood are likely to track into
adulthood [4-7], increasing the risk for such chronic diseases
as type 2 diabetes, hypertension, heart disease, stroke, and
several types of cancers in adult life [8].

The prenatal period is a critical stage for the development
of childhood obesity [9]. Research shows that pre-pregnancy
and early-pregnancy obesity are related to higher risk of obe-
sity in children born to such mothers [9]. For instance, in a
study of more than 30,000 pregnant women in the Norwegian
Mother and Child Cohort Study, Stamnes and colleagues [10,11]
found that higher maternal pre-pregnancy weight gain was
associated with higher birth weight in their offspring [10] and
increased overweight and obesity at age 3 [11]. Other studies
also show that maternal obesity in early pregnancy is associ-
ated with overweight and obesity in their offspring in early
childhood [12-14] and adolescence [15].

In addition to linking childhood obesity to maternal pre-
and early-pregnancy weight, studies indicate that parents, in
particular mothers, influence children’s weight status through
dietary and physical activity practices in the home environ-
ment [16, 17]. At home, mothers not only are important role
models for children’s dietary behaviors; they often are the
gatekeepers for foods in the home [18]. Several studies have
shown that the types of foods available and accessible at home,
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child feeding practices (e.g., use of foods as reward or punish-
ment), and dietary role modeling by parents, especially moth-
ers, influence children’s dietary behaviors and, ultimately,
children’s weight [16, 17, 19-28]. In addition, the physical activ-
ity of mothers, including their encouragement of children’s
activity, and their monitoring of children’s television viewing
and media use (e.g., computer, video game) influence chil-
dren’s physical activity and, consequently, children’s weight
[17,27,29-35]. It is no surprise, therefore, that studies show that
children’s weight is highly correlated with their mothers’
weight [36-38]. Thus, the critical role that mothers play in chil-
dren’s risk for obesity makes it imperative that interventions to
promote healthy weight development in children include them.

Defining Family-Centered Interventions for
Preventing and Reducing Childhood Obesity

Family-centered interventions (also known as family-based
interventions) to reduce childhood obesity are programs that
focus on changing weight-related behaviors of multiple fam-
ily members, and not just those of the child [39]. Such inter-
ventions are based on the premises that childhood overweight
and obesity develop and are maintained within the context of
the family [40, 41]; that parents play a critical role in shaping
children’s dietary intakes, physical activity behaviors, and
body weight [17]; and that involving the family in childhood
obesity interventions may provide effective strategies for
promoting and sustaining healthy changes in children’s diets
and physical activity [42].

Since obesity tends to run in families, involving the family
in childhood obesity interventions provides an opportunity
to simultaneously impact weight-related behaviors of the
entire family [42, 43]. Unfortunately, most family-centered
interventions focus on obesity treatment, particularly in
school-aged children and adolescents [44, 45]; family-centered
interventions that focus on the prevention of childhood obe-
sity are limited [46]. Further, although family-centered inter-
ventions that focus on multiple members of a family may be
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an effective approach, most programs that focus on maternal
weight do not include children or other members of the fam-
ily. However, family-based interventions that focus on chil-
dren’s weight do often include mothers (or fathers). Thus, this
chapter will review the evidence base from family-centered
interventions for the prevention and treatment of obesity in
children and their potential for affecting maternal and/or par-
ent weight as well.

Descriptions of Family-Centered
Interventions

Family-Centered Interventions for Infants,
Toddlers, and Preschoolers

Six studies were found that used a family-centered interven-
tion approach with infants, toddlers, and/or preschoolers.
Details of these interventions are described in Table 12.1.
Family-centered interventions for promoting healthy
weight gain in infants and toddlers often target the mother as
the primary agent of change. In a home-based, family-
centered study, Paul and colleagues [49] examined the inde-
pendent and combined effects of two behavioral interventions
delivered to mothers of newborns. The first intervention,
“soothe/sleep,” was implemented 2-3 weeks after birth and
was designed to increase sleep duration in early infancy by
teaching mothers to use alternate soothing and calming strat-
egies instead of feeding as a first response to fussiness. The
second intervention, “introduction to solids,” was delivered
in two parts: the first part taught mothers, at 2-3 weeks after
birth, about hunger and satiety cues as well as appropriate
timing for introducing solid foods, and the second part, deliv-
ered between 4 and 6 months after birth, when mothers
reported that their infants were starting to consume solid
foods, taught mothers how to use repeated exposure to new
foods to overcome infant rejection of healthy foods. One
hundred and sixty mother-newborn dyads were recruited
from an academic medical center in Hershey, Pennsylvania,
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and randomized into one of four study arms, using a 2x2
design to receive one, both types, or no intervention. Findings
from the 110 participants who completed the intervention
showed that at age 1, children whose mothers received both
interventions had significantly lower mean weight-for-length
percentiles than children whose mothers received only the
soothe/sleep intervention, or only the introduction to solids
intervention, or were in the control group. Parental weight
change was not targeted or reported.

In a study conducted in Australia, Wen and colleagues [51,
52] evaluated the effectiveness of a 24-month, home-based
early intervention on children’s BMI measured at age 2.
Called the “The Healthy Beginnings Trial,” it applied theo-
retical constructs from the Health Belief Model to 667 first-
time mothers and their infants in socially and economically
disadvantaged areas of Sydney, Australia. Mother-child dyads
were randomly allocated to either receive the intervention or
to be in a control condition which included usual practice for
new mothers supplemented with safety promotion materials.
The intervention focused on educational materials promoting
breastfeeding, appropriate time to introduce solid foods,
tummy time, active play, and proper nutrition and physical
activity for the entire family. Participants received eight home
visits from specially trained community nurses, timed to coin-
cide with early childhood development milestones. The first
visit was during the antenatal period, and seven additional
visits were at 1, 3,5,9, 12, 18, and 24 months after birth. Child
BMI was measured at 24 months and found to be signifi-
cantly lower in the intervention group than the control group.
Mother’s weight was not addressed.

In a 16-week, home-based, family-centered intervention,
Harvey-Berino and colleagues [47] compared maternal par-
ticipation in a parenting support intervention with participa-
tionin a parenting support plus obesity prevention intervention
to see whether the latter, combined intervention would
reduce the prevalence of obesity in high-risk Native American
children in the St. Regis Mohawk community in northern
New York State and Ontario and Quebec, Canada. Participants
were 40 overweight and obese Native American mothers and
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their children (mean age: 21 months old). Study findings
noted that changes in children’s weight-for-height z scores
showed trends toward statistical significance: children in the
parenting support plus obesity prevention group had decreased
weight-for-height z scores, while children in the parenting
support-only group had increased weight-for-height z scores.
In addition, children’s energy intake declined in the com-
bined group and increased in the parent support-only group,
and these changes also approached significance. Mother’s
weight and BMI decreased more in the combined group than
the parenting support-only group, but these changes failed to
reach statistical significance.

In an 8-week family-centered intervention conducted in
Texas, Klohe-Lehman and colleagues [48] examined the effects
of a maternal weight loss program on mothers’ BMI, diet, and
physical activity as well as the BMI and dietary intake of their
1-3-year-old children. Ninety-one low-income overweight and
obese Hispanic, African-American, and White mother-child
pairs were recruited from the Special Supplemental Program for
Women Infants and Children (WIC) and public health clinics.
The intervention was grounded in basic concepts of the social
cognitive theory and addressed diet and physical activity. Diet
activities included discussion about dietary plans, interactive
low-fat cooking demonstrations, recipe modification, and portion
size training, while the physical activity component included in-
class activities (30 min of walking, stair climbing, and resistance
exercises with light weights) and behavioral modification (e.g.,
self-monitoring, stimulus control, goal setting, and relapse pre-
vention). At the end of the 8-week intervention, children’s BMI
(or weight-for-length in children under 2 years of age) did not
decrease, but the excess energy intake observed in the children at
baseline was reduced at the end of the intervention. Mothers in
the study lost an average of 2.7 kg in body weight, and their mean
BMI reduced significantly from 34.9 to 33.9 kg/m?. The changes
in mothers’ weight and BMI were sustained at the 24-week
follow-up. It should be noted that this was one of the few inter-
ventions that attempted to increase mother’s physical activity.

Only two studies were found that used a family-centered
approach for either obesity prevention [46] or treatment [50]
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in preschool-aged children. Obesity prevention was the focus
of the Kids and Adults Now — Defeat Obesity (KAN-DO),
a family-centered intervention designed to change child BMI
[46]. KAN-DO was a 12-month, randomized controlled trial
designed to promote healthy lifestyle behaviors in mother-
preschooler (2-5 years old) dyads in North Carolina by chang-
ing targeting parenting styles and skills, stress management,
and healthy eating and activity behaviors. The KAN-DO
intervention was based on models of self-regulation and con-
structs from social cognitive theory. Participants in KAN-DO
were 400 postpartum mothers who were overweight or obese
prior to pregnancy and their preschool-aged children (no
weight-specific inclusion criteria). While KAN-DO did not
lead to significant improvement in children’s or mother’s
weight status, an exploratory (completers) analysis showed
significant reductions in BMI among mothers who completed
at least half of the 16 possible intervention contacts.
Significant improvements in both child and parent weight out-
comes were observed in the LAUNCH intervention (Learning
about Activity and Understanding Nutrition for Child Health)
[50]. LAUNCH was a 6-month, home-based, family-centered
intervention conducted at the Cincinnati Children’s Hospital
Medical Center and was designed to reduce obesity in preschool
children (aged 2-5 years) who were at or above the 95th BMI
percentile [S0]. LAUNCH also was grounded in the social cogni-
tive theory and taught parents to use such child behavior manage-
ment strategies as praise and attention, ignoring and time-out,
modeling, and stimulus control to increase appropriate eating
behaviors in their children and themselves. Children received
nutrition education through games and art activities, participated
in food taste tests, and completed 15 min of moderate to vigorous
physical activity during group sessions. Eighteen preschool-aged
children with an average BMI percentile of 98 and an overweight
parent were randomized to receive either the LAUNCH interven-
tion or an enhanced standard of care through pediatric counseling.
Participation in LAUNCH resulted in significant decreases in
weight in both children and parents. At 6-month post-intervention,
LAUNCH children had a significantly greater decrease in BMI z,
BMI percentile, and weight gain compared to children who
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received pediatric counseling, and these changes were maintained
at the 12-month follow-up. In addition, parents in LAUNCH had
a significantly greater weight loss at 6-month post-intervention
and at the 12-month follow-up than parents who received pediat-
ric counseling.

Family-Centered Interventions for School-Aged
Children and Adolescents

Most of the family-centered studies that include school-aged
children or adolescents are treatment rather than prevention
studies. Family-based approaches to weight control were first
developed more than 35 years ago when it was demonstrated that
amore structured “lifestyle modification” approach that included
family members was more effective for children’s weight loss
rather than standard weight reduction approaches [53]. For this
chapter, 13 studies are reviewed, eight representing shorter-term
studies. Most of the existing family-centered obesity treatment
interventions for children and adolescents are based on the land-
mark work of Epstein [39,54,55] and Golan [45]. Family-centered
studies that produced shorter-term impacts on school-aged chil-
dren or adolescents are described below and reported in
Table 12.2. Following this section is a description of five studies
from the United States and abroad that report longer-term
results from family-centered studies for school-aged children
and/or adolescents.

Shelton and colleagues [68] assessed the impact of a
3-month, parent-based (n =43 families) behavioral interven-
tion on BMI of overweight and obese children in Australia.
Although some younger children were included in this study
(ages ranged from 3 to 10 years), the average child’s age was
between 7 and 8 years. In four brief sessions, the interven-
tion promoted healthy family lifestyle changes by address-
ing nutrition, physical activity, motivation, and behavior
management strategies. At the end of the 3 months, children
in the intervention group experienced a significant decrease
in BMI, but the intervention had no significant effect on
parental BMI.
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In a randomized controlled trial on child weight loss,
Boutelle and colleagues [56] evaluated whether a 5-month
standardized, behavioral, parent-only treatment program was
inferior to a standardized parent-plus-child program. Eighty
parents and their overweight or obese children (aged 8-12
years) were recruited in Minnesota and San Diego and ran-
domly assigned to either a parent-plus-child or a parent-only
group. This intervention adapted Epstein’s Traffic Light Diet
protocol [69] and included strategies for increasing physical
activity, behavioral change skills, (viz., self-monitoring of tar-
geted behaviors, positive reinforcement, stimulus control, pre-
planning, and modeling), and parenting skills specific for use
with children who are overweight. Information presented to
children in the parent-plus-child group was similar to that
taught to the parents, but was presented in an age-appropriate
manner. Weight outcomes of children and parents assessed at
baseline, 5-month post-intervention, and at an 11-month fol-
low-up showed that the parent-only group was not inferior to
the parent-plus-child group in either child weight loss or par-
ent weight loss. Further exploratory analyses [70] also showed
that across both study groups, parent BMI was the only signifi-
cant predictor of child weight, with a 1 BMI unit reduction in
parent weight associated with a 0.255 reduction in child BMI.

In another study using the Epstein Traffic Light Diet pro-
tocol, Kalarchian and colleagues [64] evaluated the efficacy
of a 6-month, clinic-based, family-centered, behavioral inter-
vention on reducing the weight of 192 severely obese chil-
dren aged 8-12 years. Families were randomized into either
an intervention group that received the family-based inter-
vention, or a control group that received a standard care
approach that consisted of two consultation sessions to help
them develop individual nutrition plans based on the Traffic
Light Diet. Adult and child groups met separately, and each
group was presented with similar materials. Overweight
adults were encouraged, but not required, to lose weight. At
6 months, the intervention was associated with greater
decreases in child percent overweight than the decreases for
the children in the control group. Intent-to-treat analyses
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showed that the intervention was associated with a significant
7.58 % decrease in child percent overweight at 6 months,
compared to a 0.66 % decrease for the control group, but dif-
ferences between the two groups were not significant at 12 or
18 months. In addition, children who attended at least 75 %
of the intervention sessions maintained decreases in percent
overweight through 18 months, while those who attended less
than 75 % of the intervention sessions did not. Parent BMI
was reduced significantly in the treatment groups at both the
6- and 12-month measurement periods.

In a family-centered intervention, Janicke and colleagues
[63, 71] assessed the effects on the weight of underserved
children of Project STORY (Sensible Treatment of Obesity in
Rural Youth), a 4-month, family-based, behavioral interven-
tion, and a parent-only behavioral intervention delivered
through rural cooperative extension service offices.
Participants were 93 overweight or obese children (aged 8-14
years) and their parents recruited from four underserved
rural counties in North Central Florida. Participants were
randomly assigned to one of three groups: a family-based
group in which both children and parents were targeted as
active agents of change, a parent-only group that targeted
parents as the agents of change, and a waitlist control group
that received the intervention following the final follow-up
assessments. In general, Project STORY focused on five
things: building healthier dietary habits via a modified ver-
sion of Epstein and colleagues’ Traffic Light Diet, increasing
moderate intensity physical activity via a pedometer step
program, setting goals for reducing sedentary activities,
establishing a healthier weight status, and building positive
self-worth in participants. Behavioral strategies used in deliv-
ering the Project STORY included self-monitoring, goal set-
ting, stimulus control, positive reinforcement, modeling, role
playing, and portion size control. At the 4-month assessment,
children in the parent-only intervention group showed a
greater decrease in BMI z score than children in the waitlist
control group. No significant differences, however, were
found in BMI z scores between the family-based intervention
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group and the waitlist control group. At the 10-month follow-
up, children in the parent-only and family-based intervention
groups showed greater decreases in BMI z score from before
treatment (baseline) than the waitlist control group. The
intervention did not have any significant effect on parental
BMI change score at either month 4 or 10.

In a 2-year randomized controlled trial, Coppins and col-
leagues [58] evaluated whether a family-based intervention,
“The Family Project,” was more effective in reducing BMI z
score in overweight children aged 6-14 years than just moni-
toring body composition alone. The intervention focused on
healthy eating, physical activity, reducing sedentary behav-
ior, behavior change, and psychological well-being. Sixty-five
overweight and obese children were randomly assigned to
receive the family-based intervention in either the first or
second year and to be in the control group that received
body composition monitoring alone during the year when
they are not in the family-based intervention group. Siblings
and parents or guardians were also encouraged to partici-
pate. After year 1, the intervention and control group
crossed over, with the control group receiving the family-
based intervention program and the intervention group
receiving body composition monitoring alone for year 2 of
the project. Children who received the intervention in year 1
reduced their BMI z score significantly in the first 12 months,
and that score continued to be reduced over the next 12
months, so that by the end of the 2-year study, their BMI z
score was 0.44 lower than at the beginning of the study.
Children assigned to the body composition monitoring-
alone group in year 1 also reduced their BMI z score in the
first 12 months, although not significantly, and when they
were put in the active family intervention, their BMI z score
continued to fall, but only marginally. At the end of the
2-year study, fewer children in the group that received the
active family intervention in year 1 were classified as grossly
overweight than children who received only body composi-
tion monitoring in year 1. At baseline, about 60 % of all the
children in the study were above the 99.6th BMI percentile.
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By the end of the 24 months, only 19 % of children in the
active family intervention group in year 1 were still above
the 99.6th BMI percentile, compared with 48 % of children
in the group that received only body composition monitor-
ing in year 1. Parent weight was not targeted.

In a one group, pre-post design study conducted in the
United Kingdom, Edwards and colleagues [59] assessed the
impact of a clinic-based, family behavioral treatment on
the weight of obese children aged 8-13 years. Thirty-three
families received the 4-month intervention that included two
components: advice on whole-family lifestyle change to mod-
ify the microenvironment of the home and a behavioral
weight control program for the overweight children. The
behavioral weight control program was based on learning
theory and used such behavior modification techniques as
self-monitoring, goal setting, positive reinforcement, and
stimulus control to modify the children’s eating and exercise
behaviors. At the end of the 4-month intervention, children
lost 8.4 % BMI and maintained that reduction at 3-month
follow-up. Although the focus was “whole-family” lifestyle
change, parental weight was not targeted.

In a study conducted in Copenhagen, Gronbaek and col-
leagues [62] evaluated the impact of an 18-month commu-
nity and family-based childhood obesity treatment
intervention on weight outcomes of 100 obese school-aged
children and their families. The intervention consisted of a
6-month intensive phase and a less intensive 1-year follow-
up. The intensive phase of the intervention consisted of
physical exercises to reduce sedentary practices and nutri-
tion sessions focused on healthy food choices and portion
size regulation. The less intensive follow-up phase con-
sisted of group meetings with all families. The meetings
focused on families’ development of healthy lifestyles and
well-being, along with healthy weight development in their
children. The 81 (of 100) children who completed the full
program significantly decreased their BMI z score from 2.9
to 2.6 during the intensive phase of the intervention, and
their BMI z score further decreased from 2.6 to 2.4 during
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the less intensive follow-up phase. Children who completed
the full program also showed a significant decrease in per-
cent body fat from 32.2 to 30.1 during the intensive phase,
and this decreased further to 29.5 during the less intensive
follow-up phase, although that decrease was nonsignificant.
In addition to a 20 % loss to follow-up, this study had no
comparison group and parent weight was not monitored.

In a study involving preschool and school-aged children
in Australia, Magarey and colleagues [65] assessed the
effectiveness of Parenting Eating and Activity for Child
Health (PEACH), a 6-month hospital-based intervention
for overweight children aged 5-9 years. PEACH targeted
parents as the agents of change. One hundred and sixty-nine
families were randomized into one of two groups: parenting
skills plus healthy lifestyle group or a healthy lifestyle-only
group. The parenting skills plus healthy lifestyle sessions
encouraged parents to anticipate and manage high-risk situ-
ations to achieve a positive energy balance using a problem
solving approach, while the healthy lifestyle-only sessions
focused only on information that was consistent with tra-
ditional nutrition education and clinical advice. Overall,
between the baseline and 6-month post-intervention, chil-
dren’s BMI z score decreased by 10 % in both study groups,
and this decrease was maintained at the 24-month follow-up
assessment. Similar to several studies above, parental weight
was not monitored.

Long-Term Effects of Family-Centered
Interventions

Researchers in the United States, Australia, United Kingdom,
and Israel have demonstrated the long-term effects (up to 2
years) of family-centered obesity interventions on children’s
and parents’ weight. Although some of those reported below
are smaller studies, they include long-term follow-up data.
Their interesting approaches and promising findings merited
inclusion in the chapter.
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As noted earlier, much of this research has been guided
by the seminal work of Epstein and colleagues [39, 54, 55, 72]
who pioneered the family-based treatment model for pediat-
ric obesity. In a follow-up study of 10 years, Epstein et al. [60]
evaluated the effect of a family-based behavioral treatment
on percent overweight and growth in obese 6- to 12-year-olds,
with repeated measurements at the 5- and 10-year periods. The
study followed 76 obese children and their parents who were
randomized into one of three groups: child and parent target
group (group 1), child target group (group 2), or nonspecific
target control group (group 3). All families received eight
weekly treatment meetings and six additional meetings over
a 6-month period. The families were then seen at 21-, 60-, and
120-month follow-up meetings. The three study groups were
provided similar information about diet, exercise, and behav-
ioral principles (this included the use of contracting, such as
having parents deposit $65 at the beginning of the program
and returning $5 at each session, contingent on either parent
or child weight loss in groups 1 and 2 or attendance in group
3 along with goal setting, self-monitoring, and social reinforce-
ment and modeling). Children in the child and parent target
group (group 1) showed significantly greater decreases in per-
cent overweight after 5 and 10 years, respectively, compared to
children in the nonspecific target control group that increased
in percent overweight. In contrast, children in the child target
group (group 2) showed increases in percent overweight after
5 and 10 years that were midway between those for the child
and parent target group and the nonspecific target group, but
not significantly different from either. Parent weight decreased
in all three groups, with effects lasting until the 21-month
follow-up period. However, by the 5-year point, parents had
returned to their baseline percent of overweight.

The stability of this approach with children was further
demonstrated in a recent paper by Epstein and colleagues
[73]. Results from contemporary studies using the Epstein
model were compared to those conducted 25 years earlier that
had similar results (observed over the 2-year follow-up
period) [73]. In the more recent studies, the children and
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adolescents were, as a rule, heavier than in years past, making
the task of obesity reduction even more challenging.

In a pilot study, Robertson and colleagues [66, 67] tested
“Families for Health,” a 12-week, community-based family
intervention for treating obesity in children 7-13 years old
in Coventry, England. Twenty-one families (27 children)
received the Families for Health intervention that focused
on parenting, relationship skills, emotional and social devel-
opment, and healthy eating strategies in the home environ-
ment. Weight outcomes were measured at the end of the
3-month program and at a 9-month follow-up. For the 22
children on whom there is follow-up data, BMI z scores
were reduced significantly between baseline and the end
of the 3-month intervention, and this reduction was main-
tained at the 9-month follow-up. In a 2-year follow-up of
19 of the children (13 families), Robertson and colleagues
(71 found that the BMI z score observed at 9 months was
sustained at 2 years. Although these are promising results,
lack of a control group and loss to follow-up prevent fur-
ther interpretation. Also, parent weight change was neither
targeted nor measured.

Most of the family-centered obesity interventions
have employed face-to-face counseling. However, com-
pliance (e.g., attendance at group sessions, coming to a
university-based program) appears to be difficult for cer-
tain populations. Williamson and colleagues [44] evaluated
the efficacy of an Internet-based, lifestyle behavior modi-
fication program for adolescent African-American girls in
a randomized controlled trial and reported their results at
the 2-year point. Fifty-seven overweight African-American
girls aged 11-15 years and an overweight or obese parent
were randomized to receive either an interactive behavioral
Internet program or a standard Internet health education
program (control condition). The interactive behavioral
Internet program included a website that provided family-
oriented nutrition education and behavior modification for
parents and adolescents using counseling through email
communications, weight and activity graphs for weekly



320 D.S. Ward et al.

self-monitoring of weight and physical activity, and self-
monitoring of food intake with feedback modeled after the
Traffic Light Diet. For both the intervention and control
groups, the parent-child pairs were required to attend four
face-to-face counseling sessions during the first 12 weeks
of the program (weeks 1, 3, 6, and 12) to encourage adher-
ence to behavioral principles, provide additional training in
using their computers to participate in the Internet-based
program, and solve any computer problems. Data were col-
lected in the clinic and over the Internet at baseline and
at months 6, 12, 18, and 24. Findings at 6 months showed
that adolescents in the interactive behavioral program
lost significantly more mean body fat and parents in that
program also lost significantly more mean body weight.
These weight losses, however, were reversed over the next
18 months. After 2 years, the differences in body fat for
adolescents and weight for parents did not differ between
the behavioral and the control groups.

While Williamson and colleagues did not observe any
long-term reductions in weight outcomes of children and
parents in their study, other studies show that family-based
interventions can be effective in reducing the weight of chil-
dren and parents in the long term. In a recent study, Collins
and colleagues [57] evaluated the 24-month efficacy of a
6-month family-centered intervention, the Hunter Illawarra
Kids Challenge Using Parent Support (HIKCUPS) study.
Participants were 165 overweight prepubertal school-aged
children in Australia who were randomized to receive
one of three programs: a child-centered physical activ-
ity program (the Activity arm), a parent-centered dietary
modification program (the Diet arm), or a combination
of both programs (the Diet plus Activity arm). The child-
centered Activity program was based on the competence
motivation theory and aimed to improve children’s fun-
damental movement-skill proficiency. The parent-centered
Diet program was based on the Health Belief Model and
incorporated goal setting, problem solving, role modeling,
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and positive reinforcement by parents to facilitate changes
in eating behaviors. The Diet plus Activity arm was a com-
bination of the diet and activity arms, with parents and chil-
dren participating concurrently. Findings showed, between
baseline and 24 months, that mean BMI z scores decreased
significantly among children in all three intervention arms,
with the highest decrease observed among children in the
Diet arm, followed by the Activity arm, and then the Diet
plus Activity arm. Parent weight loss was not discussed.
Another researcher who has contributed greatly to the
field of family-based weight loss is Dr. Maria Golan. In a
longer-term study conducted in Israel, Golan and col-
leagues [45] examined the effect of a 12-month family-
based treatment intervention in which parents were the
exclusive agents of change on weight outcomes of obese
children. In this study, participants were 60 obese children
aged 6-11 years from public schools in the middle-class
town of Rehovot who were randomized into either an
intervention or control group. In the intervention group,
only parents (not children) participated in group sessions;
children were not directly involved in the process of
change and had no responsibility concerning the process.
At group sessions, parents were taught to change the fam-
ily’s sedentary lifestyle, provide a prudent diet (reducing
total and saturated fat and increasing monounsaturated
fatty acids), decrease the family’s exposure to food stimuli,
apply behavioral modification strategies with the children,
and practice relevant parenting skills (firm but supportive
parenting practices). In the control group (child only), only
the children participated in group sessions. Each child was
prescribed a 6.3 MJ/day diet and attended group sessions
lead by a clinical dietitian who provided information on
how to follow a prudent diet, restrict energy intake,
increase exercise, control food stimuli, use techniques for
self-monitoring, practice problem solving and cognitive
restructuring, and make use of social support (e.g., asking
parents and friends for help). At the end of the 12-month
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intervention period, children in both groups showed a sig-
nificant decrease in their degree of overweight, although
the change was significantly greater in the parent-only
intervention group than in the child-only control group. In
addition, at 12-month post-intervention, 35 % of children
who were in the parent-only group had attained a non-
obese status, compared with 14 % in the child-only group.
Change in the percentage of mothers classified as over-
weight did not differ significantly between the interven-
tion (parent-only) group and control (child-only) group at
12-month post-intervention. However, among fathers there
was a significant reduction in the percent of overweight
among fathers in the parent-only intervention group, but
not in the child-only control group. At a 1-year follow-up,
the child-only control group had regained 7 % of their 8 %
reduction in overweight, while children in the parent-only
intervention group regained only 2 % of their 15 % reduc-
tion in overweight. At a 2-year follow-up, there was a mean
reduction in overweight of 15 % in children in the parent-
only intervention group and an increase of 3 % in children
in the child-only control group.

Measurement of 50 of the original 60 children at a 7-year
follow-up showed that mean reduction in percent overweight
was significantly greater in the parent-only intervention
group than in the child-only control group [60]. At the 7-year
follow-up, 60 % of children in the parent-only group were
classified as non-obese, compared with only 31 % of children
in the child-only group [61, 74].

Promising Studies Underway

The importance of family-based approaches for preventing
maternal and child weight obesity can also be measured by
the numbers of obesity prevention efforts in the research
pipeline. Developing initiatives for family-based approaches
that can be implemented outside the clinic will allow easier
access to difficult-to-reach populations. Seven promising
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studies designed for obesity prevention or treatments are
currently underway: four in Australia, one in Sweden, and
two in the United States (see Table 12.3).

Two studies based in Australian are targeting first-time par-
ents. The INFANT study [75] and the NOURISH trial [76] are
recruiting first-time parents and their 3—4-month-old children
into an intervention that uses anticipatory guidance principles
to teach parents proper feeding practices. The INFANT study
is also educating parents about activity-promoting (and seden-
tary reduction) behaviors needed by their children during this
early developmental period. Six dietitian-led programs will be
held every 3 months, with measures of growth, food intake, and
parenting behavior assessment to be made post-intervention
and at 9-and 18-month follow-up periods. Although parent
weight is not targeted per se, the intervention will focus on the
parent’s own obesity-preventing behaviors (healthy eating and
regular physical activity) which may result in positive changes
in parents’ weight.

The NOURISH trial is recruiting infants born to first-time
mothers at major maternity hospitals in Brisbane and Adelaide
[76]. Mother-infant dyads will be randomized into usual care
or the NOURISH intervention. The intervention will provide
anticipatory guidance during two modules (modules imple-
mented at ages 4-7 and 13-16 months) presented through six
sessions over a 12-week period. The intervention content will
emphasize healthy eating and feeding relationships for health
growth — not specifically obesity prevention. Both modules
promote authoritative parenting practices and feeding styles;
however, physical activity (other than discouraging television
viewing while feeding) is not included in the intervention
material. The NOURISH trial will neither address parent
weight or parental eating and activity behaviors.

In Sweden, a study is enrolling infants of obese parents
(two overweight or one obese parent) at 1 year of age and
following these children through age 6 [80]. The program is
called STOPP, Stockholm Obesity Prevention Program, and
consists of an educational component (booklets) for corre-
sponding age groups (1-6 years) and home-based coaching
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delivered by a health professional four times in year 1 and
twice in each of the following years [80]. This multidisci-
plinary approach uses strategies informed by many disci-
plines to address eating, activity, and sleep by focusing on
parenting skills and styles that create positive habits in the
children. Again, parental weight is not a focus, but this pro-
gram, similar to the other infant interventions, could easily
focus on family weight management strategies.

The two US studies focus on parental feeding practices
(but do not measure body weight). Important factors in
obesity prevention [77,78]. One of the studies addresses low-
income, first-time mothers of infants less than 4 months of
age [77], while the second study focuses on infants/toddlers
between 12 and 36 months old [78]. Both these studies use
the NEAT program, Nutrition Education Aimed at Toddlers.
The purpose of NEAT is to assist the mothers in helping their
children develop self-regulated feeding, a skill thought to be
important in obesity prevention efforts. To date, no significant
findings have been observed in parental feeding practices,
but these low-income, rural women have improved their
knowledge of appropriate feeding practices and, in general,
have been receptive to the approach, offering promise for
future development of the NEAT intervention. No efforts
were directed toward maternal weight management, but role
modeling healthy eating behaviors could be integrated into
the child-based approach.

Two other promising studies are occurring in Australia,
both using the MEND program (Mind, Exercise, Nutrition,
Do it), a multi-community-based, healthy lifestyle program to
address obesity among preschool children (MEND 2-4) [79]
and children ages 8-12 years (MEND) [81]. The MEND 24
program is conducted for 10 weeks in community settings by
MEND-trained professionals. It is offered free of change,
with referrals coming from health-care providers and includes
children who have poor eating habits, inactive lifestyles,
obese parents, and/or a family history of related diseases
(such as diabetes or high blood pressure). The MEND 2-4
study is continuing, but in the MEND program conducted
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with older obese children (ages 8-12 years, BMI >98th per-
centile), Sacher and colleagues report favorable preliminary
findings, including excellent attendance by families (86%)
and encouraging initial results (reduced waist circumference
and BMI z-scores in the children) [81]. The MEND programs
show strong promise as family-focused programs that can be
implemented within community settings by professionals
trained to present them. Although parental weight is not cur-
rently a focus of MEND, minor modifications could be made
to expand its focus from targeting only children for behavior
and weight outcomes to become a more family-focused
behavioral program with weight management efforts pro-
vided for both parents and children.

Summary and Future Directions

It is clear from the studies described in this chapter that
family-centered approaches are promising strategies for
addressing obesity issues that might arise within families.
Studies targeting newborns show positive trends for helping
very young children begin life on a proper trajectory for
healthy growth by teaching parenting practices (e.g., helping
mothers understand how to sooth, rather than feed, babies
back to sleep; importance of tummy time; use of developmen-
tally appropriate feeding practices) [47, 49, 51, 52]. When a
focus on maternal weight was added, these cognitive-
behavioral strategies for child weight management resulted in
weight loss for some or most of the mothers enrolled [46, 48]
and, in one small study, significant short- and long-term
weight loss in overweight preschoolers [50]. When weight
problems are identified in school-aged children or adoles-
cents, family-based solutions prove to be superior to child-
focused strategies. Rarely are weight problems isolated to a
single child within a family and risk of obesity is increased
when one or more caregivers are overweight or obese. Thus,
treating obesity as a family issue rather a problem of the child
offers the potential for successful long-term solutions.
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The majority of family-centered interventions were focused
on reducing obesity in school-aged children and adolescents.
Many of these family-based treatment programs were mod-
eled after the pioneering work of Epstein [39, 54, 55] and/or
Golan [40, 45]. A family-based healthy lifestyle approach
characterizes Epstein’s work, while that of Golan includes
parent education [53]. Golan’s landmark work focuses on
“parent as agent of change,” an approach that suggests it is
parents who need to learn parenting strategies in order for
children’s weight to be effectively managed. Parent-based
weight outcomes are included in the work of both Epstein
and Golan, and data from multiple studies have noted
improved weight outcomes in both child and parent.

Family-based weight management programs have been
increasingly available since the mid-1970s, but the focus con-
tinues to be primarily on child outcomes, with parental
weight outcomes secondary. Gan and Clark [82] in 1976 were
among the first to point out that excess weight runs in fami-
lies, influenced both by genetics and environment, suggesting
that “...identification, therapy, and control of obesity be
accomplished on a family-line basis.”

Family-centered interventions have been conducted in
multiple setting, including the home [47, 49, 50, 52], the clinic or
hospital [59, 65], the community [62, 66], and the Internet [44].
Although family systems theories may drive these interventions,
few describe the theoretical framework on which their family-
centered interventions are based [48, 51,57, 59]. Six of the inter-
ventions reviewed adapted Epstein’s Traffic Light Diet [69] and
these produced positive results in terms of preventing or reduc-
ing child weight outcomes [44, 56, 60, 63, 71].

While the family-based studies in this review include both
the parent and child in the prevention or treatment programs,
not all of the studies actually targeted and/or measured
weight-related outcomes in the parent. More than half of the
interventions targeting children five and younger [46-48, 50]
and six of 13 in the school-aged studies [44, 56, 60, 61, 63, 64]
provided a specific focus on parental weight outcomes. Only a
few of those interventions that measured weight outcomes in
parents actually found that the interventions had significant
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effects on parents’ weight status, but the long-term studies by
Epstein seem to underscore the importance of a family-based
weight management approach [73]. Wrotniak and colleagues
[83] analyzed the findings from three family-based studies in
which one parent and one child (both overweight) were
recruited for participation. At the 2-year follow-up, parent
z-BMI change predicted child z-BMI change. Parents in the
highest quartile of z-BMI change had children weight signifi-
cantly greater z-BMI change than children with parents at
other weight levels. Although named “family-centered inter-
ventions,” none of the studies measured weight outcomes in
siblings of children enrolled in the studies.

Studies conducted in the United States [73], United Kingdom
[67], Israel [74], and Australia [57] show that in the long term,
family-centered interventions are effective in promoting and
sustaining weight reduction in children. In addition, the study by
Golan et al. [45] shows that involving the parent in childhood
obesity interventions results in greater improvements in weight
outcomes when compared to child-only interventions.

Clinicians who care for mothers with infants should encour-
age a family-centered approach for healthy weight develop-
ment in the young child and positive weight-related behaviors
for the entire family. Mothers of children of all ages should be
taught that obesity prevention is a family issue and that fami-
lies should adopt nutrition and physical activity practices that
result in healthy weight development for children and appro-
priate weight management for adult caregivers. Future
research should expand family-centered obesity prevention
strategies for children of all ages as a strategy for positive
weight management in mothers and other family members.
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Introduction

Screening for obesity is a critical step in prevention and treat-
ment. Evidence in support of obesity screening is the reduction
in adverse pregnancy-related outcomes, diabetes, cardiovascu-
lar morbidity, and mortality. The United States Preventive
Services Task Force [2]; the American Congress of Obstetricians
and Gynecologists [3]; the National Heart, Lung, and Blood
Institute [4]; and the Canadian Task Force [5] are organizations
that provide recommendations for screening and management
of obesity in adults. In this chapter, we focus on the individual
obesity screening recommendations from committees of experts
and current initiatives in the United States to facilitate lifestyle
modifications among women with obesity.

The United States Preventive Services Task Force [6] is an
independent, nonfederal panel of experts in prevention and
evaluation of scientific evidence; scientific and logistical sup-
port for the Task Force is provided by the Agency for
Healthcare Research and Quality (AHRQ). The 16 volunteer
Task Force members include physicians specializing in Internal
Medicine, Family Medicine, Obstetrics and Gynecology, and
Pediatrics, as well as nurse practitioners and experts in behav-
ioral health. Most members are active primary care clinicians;
many are respected researchers and distinguished professors
as well. The American Congress of Obstetricians and
Gynecologists (ACOG) is a nonprofit national organization of
obstetricians and gynecologists providing obstetrical and gyne-
cological care to women across the life span. ACOG provides
a series of practice bulletins and committee opinions on preg-
nancy care, gestational weight gain, motivational interviewing,
and general counseling on lifestyle modifications. The National
Heart, Lung, and Blood Institute is part of the National
Institutes of Health. NHLBI focuses on the conduct and fund-
ing of the downstream consequences of obesity, including car-
diovascular disease and the metabolic syndrome. In 1998, the
NHLBI, in collaboration with the National Institute of
Diabetes and Digestive and Kidney Diseases (NIDDK), and a
convened expert panel, published an extensive evidence report
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TaBLE 13.1 Classification of overweight, obesity, waist circumfer-
ence, and disease risks

Disease risks® relative to normal
Obesity Weight and waist circumference

BMI class Men Women

Underweight < 18.5

Normal 18.5-24.9

Overweight  25.0-29.9 Increased High

Obese 30.0-349 1 High Very high
35-39.9 1I Very high Very high
40andup III Extremely high Extremely high

Adapted from: National Institutes of Health [10]

BMI body mass index

aDisease risk for type 2 diabetes, hypertension, and cardiovascular
disease (CVD)

on the identification, prevention, and management of obesity
[4]. The Canadian Task Force [7], established by the Public
Health Agency of Canada, develops clinical practice guidelines
that support primary care providers in delivering preventive
services.

Recommendations for Screening
by Expert Committees

Measuring body mass index is the first step to determine the
degree of adiposity. The BMI is relatively easy and reliable
and correlates with percentage of body fat and body fat mass.
Also, BMI is used to identify adults at increased risk for mor-
bidity and mortality. For example, women who are over-
weight or obese are at increased risk of type 2 diabetes and
cardiovascular disease, even within the context of a normal
waist circumference (Table 13.1).

Guidelines for the screening and evaluation of overweight
and obesity have been published by a number of organizations
including the National Heart, Lung, and Blood Institute
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TaBLE 13.2 Summary of screening recommendations from expert
committees

Expert committee Recommendation

United States Screening all adults for obesity
Preventive Services L .
Task Force Clinicians should offer or refer patients

with a body mass index of 30 kg/m? or
higher to intensive, multicomponent
behavioral interventions

NHLBI The NIH recommends screening adults
for obesity with BMI, waist circumference
and risk factor assessment. Subsequent
intervention is then based upon overall risk
assessment

Canadian Task Force =~ Measure body mass index and waist
circumference in all adults and adolescents
to determine the degree and distribution of
body fat

Measure blood pressure, heart rate, fasting
glucose level, and lipid profile (total

cholesterol, triglycerides, high-density and
low-density lipoprotein cholesterol levels)

Consider appropriate pharmacotherapy or
referral for bariatric surgery, or both

American Congress Measure BMI in all adult women presenting
of Obstetricians and for any clinical visit
Gynecologists

NHLBI the National Heart, Lung, and Blood Institute, NIH
National Institutes of Health, BMI body mass index

(NHLBI) [4], the World Health Organization (WHO) [8], and
the United States Preventive Services Task Force [2, 5, 9]
(Table 13.2). NHLBI [10] recommends screening adults for
obesity with BMI and waist circumference and risk factor
assessment. Subsequent intervention is then based upon overall
risk assessment [4]. The United States Preventive Services Task
Force (USPSTF) recommends that clinicians screen all adult
patients for obesity and offer intensive counseling and behav-
ioral interventions to promote sustained weight loss for obese
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(BMI >30 kg/m?) adults. The Canadian Task Force on Preventive
Health Care recommends measuring BMI and waist circumfer-
ence in all adults. The American College of Obstetricians and
Gynecologists recommends measuring BMI in all adult women
as part of routine gynecologic and well woman visits [3].
Overweight or obese women should then be counseled about
the healthy eating and increasing physical activity.

Current Initiatives to Prevent Obesity

Multiple national, regional, and state initiatives to promote
lifestyle modifications among women and their families have
grown over the past decade. These initiatives, spearheaded by
the White House, CDC, healthcare organizations, and state
health agencies, focus on educating adults about the adverse
health consequences of obesity and the importance of
healthy eating and physical activity. The long-term goal of
these policy initiatives is to increase the availability of low-
cost healthy foods, promote safe neighborhood venues for
physical activity, and promote knowledge about the caloric
and fat content of foods.

National Initiatives

The “Let’s Move!” campaign [11], launched by the First
Lady, Michelle Obama, combats child obesity by promot-
ing family-centered interventions. The campaign identifies
strategies to create a healthy start for children, empower
parents and caregivers in setting an example of healthy eat-
ing, advocate for healthy foods in school cafeterias, increase
the availability of healthy foods, and promote physical
activity. Several subprograms within the Let’s Move! cam-
paign target adults through faith-based organizations and
promote physical activity and regular exercise, in particu-
larly high-risk populations, including Native Americans
and Alaskan natives. The campaign (“Let’s Move!
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In the Clinic”) promotes professional partnerships between
the program and healthcare professionals.

The National Diabetes Prevention Program [12], sup-
ported by the CDC, is designed to bring to communities
evidence-based lifestyle change programs for weight loss
and prevention of type 2 diabetes. The program is based
on the Diabetes Prevention Program research study led by
the National Institutes of Health and supported by Centers
for Disease Control and Prevention. The lifestyle program
in this study showed that making modest behavior changes
(increasing healthy food choices and physical activity to at
least 150 min per week) helped male and female partici-
pants to lose 5-7 % of their body weight and reduced the
risk of developing type 2 diabetes mellitus. Participants
work with a lifestyle coach in a group setting to receive a
1-year lifestyle change program. Current efforts are focused
on translating the program into diverse clinical settings (i.e.,
health departments, healthcare organizations, private clinics)
and communities.

Reducing Sweetened Beverages
and Posting Caloric Content

In 2012, the state of New York banned the sale of oversized
sugary drinks at restaurants, street carts, and movie the-
aters in an effort to reduce the rising rate of obesity in the
city [13]. Recent studies have shown a strong association
between the number of sweetened beverages consumed,
reduced physical activity, and obesity [14]. Moreover, eco-
nomic models suggest that a tax on sweetened beverages
would reduce the consumption of sweetened beverages by
15 % [15]. The initiative limits the containers for the sale of
sugary drinks to 16 oz or less. Consumers are able to pur-
chase larger-sized beverages if they desire, but the standard
size is <16 oz.

Additionally, many cities and states have now required
that restaurants post the caloric and fat content of their meals
on menus and menu boards [16].
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Regional- and Community-Oriented
Initiatives

Ready, Set, Thrive! [17] is an example of a community-based
program that is often supported by regional healthcare organi-
zations. Sponsored by Kaiser Permanente Sacramento, the
Kaiser Permanente Walk to Thrive Program is an ongoing mall
walking club open to local communities and Kaiser employees
in Sacramento, California. Physicians and other staff members at
Kaiser host the early morning mall walking events to promote
healthy habits to lower weight and blood pressure, and reduce
cholesterol [17].

Conclusions

Several organizations have made recommendations for
screening for obesity in adults. There are areas of emphasis
that vary across organizations. For example, the Task Force’s
recommendation for screening is based on evidence that
behavioral interventions are successful at weight reduction. In
contrast, NHLBI recommends obesity screening and provides
specific recommendations for lifestyle modification as well as
additional clinical assessment of future medical risks.
Regardless of the specific guideline that is followed, screening
for obesity prior to and after pregnancy has the potential to
substantially reduce the epidemic of obesity among women of
childbearing age and the adverse pregnancy consequences
that they may endure. Current initiatives to promote lifestyle
modifications, improve health eating, and enhance venues for
physical activity are gaining traction and have the potential to
substantially reduce the percentage of women with obesity.
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