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Preface

This volume summarizes a one and a half day workshop convened in
May 2006 that reviewed U.S. trends in maternal weight (prior to,
during, and after pregnancy) among different populations of women;

examined the emerging research findings related to the complex relation-
ship of the biological, behavioral, psychological, and social interactions
that affect maternal and pregnancy weight on maternal and child health
outcomes; and discussed interventions that use this complex relationship to
promote appropriate weight during pregnancy and postpartum.

Given the unprecedented environment in the United States in which
two-thirds of the adult population meet the criteria for being overweight or
obese, the implications for women in the reproductive age period are unique
in the history of the country. The concerns for maternal and infant health
are real. The questions and answers tackled by committee members and
workshop participants were not easy. Nevertheless, having an opportunity
to explore what is known, examine the gaps in knowledge, and explore
what to do now and in the future builds a pathway for further inquiry and
action. This report summarizes the workshop proceedings and highlights
key themes that deserve further attention.

The overarching goal of the workshop was for participants to describe
what is known about recent trends in maternal weight gain and the impact
of maternal weight during pregnancy on the health of mothers and their
children. The workshop provided a valuable opportunity to assess trends
that have occurred since the publication of an earlier study by the Institute
of Medicine (IOM), which included guidelines for recommended weight

ix

 
 

 



gain during pregnancy.1 This report seeks to inform the efforts of Title V
maternal and child health programs to foster adherence to the IOM recom-
mendations for recommended weight gain during pregnancy as well as
contribute to understanding whether there is a substantial need to reexam-
ine these recommendations in light of recent demographic and health trends.

The genesis of the workshop began with a proposal that was reviewed
and refined by the National Research Council-IOM Board on Children,
Youth, and Families and the IOM Food and Nutrition Board. The Mater-
nal and Child Health Bureau of the U.S. Department of Health and Human
Services subsequently funded an activity that included the formation of a
program committee that met once to help plan and convene the workshop.
The efforts of the planning committee members and the workshop partici-
pants fostered a collaboration that began the unraveling of a challenging
and multifaceted area of study.

We are particularly grateful for the contributions of the expert pre-
senters, speakers, and discussants who contributed to the meeting (see the
Appendix for the workshop agenda and list of participants). Special ap-
preciation also goes to the members of the planning committee, who vol-
unteered their time and intellectual efforts to shape the workshop pro-
gram and identify themes and contributors. In addition, we give special
thanks to Margaret Feerick, who prepared a comprehensive draft of the
workshop report; Leslie Sim, who directed the planning and workshop
preparation and the production of the final publication; and Wendy
Keenan, who assisted with preparation of the workshop and the final re-
port. Although the workshop report was prepared by the committee, it
does not represent findings or recommendations that can be attributed to
the committee members.

This workshop report has been reviewed in draft form by individuals
chosen for their diverse perspectives and technical expertise, in accordance
with procedures approved by the Report Review Committee of the Na-
tional Research Council. The purpose of this independent review is to
provide candid and critical comments that will assist the institution in
making its published report as sound as possible and to ensure that the
report meets institutional standards for objectivity, evidence, and respon-
siveness to the charge. The review comments and draft manuscript remain
confidential to protect the integrity of the process. We thank the following
individuals for their review of this report: Esa M. Davis, Department of
Family Medicine-Research Division, Case Western Reserve University/
University Hospital of Cleveland; Calvin J. Hobel, Department of Obstet-

x PREFACE

1Institute of Medicine (1990), Nutrition During Pregnancy. Washington, DC: National
Academy Press.

 
 

 



rics and Gynecology, Cedars Sinai Medical Center, Los Angeles, CA; Chris-
tine M. Olson, Division of Nutritional Sciences, Cornell University; Magda
G. Peck, Department of Pediatrics, University of Nebraska Medical Center;
Kathryn Peppe, Program and Policy Office, Association of Maternal and
Child Health Programs, Washington, DC; Nicolas Stettler, Department
of Pediatrics and Epidemiology, The Children’s Hospital of Philadelphia;
and Brian Wrotniak, Department of Pediatrics and Epidemiology, The
Children’s Hospital of Philadelphia.

Although the reviewers listed above provided many constructive com-
ments and suggestions, they were not asked to endorse the content of the
report nor did they see the final draft of the report before its release. The
review of this report was overseen by Thomas DeWitt, Division of General
and Community Pediatrics, Cincinnati Children’s Hospital Medical Center.
Appointed by the National Research Council, he was responsible for mak-
ing certain that an independent examination of this report was carried out
in accordance with institutional procedures and that all review comments
were carefully considered. Responsibility for the final content of this report
rests entirely with the authors and the institution.

Maxine Hayes, Chair
Committee on the Impact of

Pregnancy Weight on Maternal
and Child Health
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1
Introduction

There is a growing epidemic of obesity in the United States: nearly
one-third of all adults are classified as obese, and this proportion
has dramatically increased during the last two decades (Flegal et al.,

2002; Hedley et al., 2004).1 Women are leading the epidemic at a current
prevalence rate of obesity of 33 percent (National Center for Health Statis-
tics, 2004; Ogden et al., 2006).

Given the environment of overweight and obesity in the United States,
the implications of this epidemic for women of childbearing age are of a
concern. Data from the March of Dimes Perinatal Data Center indicate that
in 2003, 19.6 percent of U.S. women of reproductive age were obese (March
of Dimes, 2004). Obesity in women can cause serious pregnancy-related
complications, but women can also modify their weight.

Past efforts to advise women on weight for pregnancy (before, during,
and after) have focused little on maternal obesity. Rather, most of the
attention has been devoted to concerns about low birth weight deliveries in
addition to other maternal and infant outcomes. Maternal Nutrition and
the Course of Pregnancy, a 1970 report of the Food and Nutrition Board of
the National Research Council (NRC)2 (National Research Council, 1970),

1Obesity is defined as having a body mass index of 30 or greater. Body mass index is a
measure that appears throughout this report as the ratio of weight to height squared (kg/m2

or lb/in2 × 703) (National Heart, Lung, and Blood Institute, 1998).
2The Food and Nutrition Board was once a part of the National Research Council. It is

now housed in the Institute of Medicine.
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2 INFLUENCE OF PREGNANCY WEIGHT ON HEALTH

laid the foundation for work over the next two decades, and in 1974, the
U.S. Department of Agriculture established the Special Supplemental Food
Program for Women, Infants, and Children to address the needs of women
and children at nutritional risk.

In 1990 the Institute of Medicine (IOM) report Nutrition During Preg-
nancy recommended guidelines for weight gain during pregnancy based on
prepregnancy maternal body mass index (BMI). Two other reports quickly
followed: Nutrition During Lactation (1991) and Nutrition During Preg-
nancy and Lactation: An Implementation Guide (1992).

By this time, the Maternal and Child Health Bureau of the U.S. Depart-
ment of Health and Human Services had also begun to address concerns
about maternal weight gain. And in 1998, the National Heart, Lung, and
Blood Institute (NHLBI) released its own classification of overweight and
obesity by BMI (National Heart, Lung, and Blood Institute, 1998). The
NHLBI classifications differed slightly from the 1990 IOM maternal BMI
criteria. However, a common stimulus for all of these earlier efforts was the
incidence of low birth weight deliveries, which was in part attributed to
insufficient nutrition and insufficient weight gain during pregnancy.

Since publication of the 1990 IOM recommendations for weight gain
during pregnancy, tremendous changes have occurred in the demographic
and epidemiological profile of women experiencing pregnancy. More
women entering pregnancy are either overweight or obese, and more
women are entering their pregnancies with chronic conditions that lead to
increased morbidity during their postpregnancy years. High rates of over-
weight and obesity are especially common in minority populations that
may be already at risk for poor maternal and child health outcomes. Col-
lectively, these trends have prompted concern about the adequacy of exist-
ing guidelines for weight gain during pregnancy, particularly for women
who are overweight, underweight, short in stature, or adolescents.

Despite the availability of the IOM recommendations and an effort to
publicize their availability, their use and compliance are not understood. As
researchers have begun to address some of the issues raised in the 1990
IOM report, gaps in knowledge have emerged, even as additional data are
collected and reported.

This convergence of factors prompted the NRC and the IOM to or-
ganize a workshop on maternal weight gain (before, during, and after
pregnancy) and its influence on maternal and child health. With support
from the Maternal and Child Health Bureau in the U.S. Department of
Health and Human Services, the NRC-IOM Board on Children, Youth,
and Families, in collaboration with the IOM Food and Nutrition Board,
convened a committee of experts at a day and a half workshop in May
2006 to examine the current state of knowledge and highlight key observa-
tions that could form the basis for future study and deliberations regarding

 
 

 



INTRODUCTION 3

BOX 1-1

Maternal Weight Definitions

Prepregnancy Weight: A woman’s actual weight prior to pregnancy up to the point
that pregnancy is identified.

Prepregnancy Weight Gain: A woman’s increase in weight from some prior time
until pregnancy.

Gestational Weight Gain: Amount of weight gained during the pregnancy.

Postpartum Weight Retention: Amount of weight gained during pregnancy (i.e.,
gestational weight gain) that the woman has at a given time point postpartum.

Postpartum Weight Gain: Weight that is gained following pregnancy.

maternal weight gain during pregnancy (see the Appendix for the full work-
shop agenda and list of participants). The workshop sought to address five
questions:

1. What research and databases describe the distribution of maternal
weight (prior to, during, and after pregnancy) among different populations
of women in the United States?

2. What research and databases inform understanding of the effects
of different weight patterns (including underweight and overweight) during
pregnancy on maternal and child health outcomes (up to 12 months)?

3. What research has been conducted to describe the individual, com-
munity, and health care system factors that impede or foster compliance
with recommended gestational weight guidelines (prior to, during, and
after pregnancy)?

4. What opportunities exist for Title V maternal and child health
programs to build on this knowledge to help childbearing women achieve
and maintain recommended weight (prior to, during, and after pregnancy)?

5. What future research and data collection efforts could improve the
efforts of Title V programs to support women from different racial and
ethnic backgrounds in their efforts to comply with recommended weight
guidelines and to improve their maternal health?

Throughout the workshop, the term “maternal weight gain” was used
to refer to weight gain during different time periods of a woman’s life
(Box 1-1). It must be noted that in longitudinal studies and studies of
women with multiple pregnancies, various terms may be used interchange-
ably in reference to a specific pregnancy. A woman whose second preg-

 
 

 



4 INFLUENCE OF PREGNANCY WEIGHT ON HEALTH

nancy is the focus of study, then, may have weight gained between the two
pregnancies described as weight retention (from the first pregnancy), post-
partum weight gain (which would also be prepregnancy weight gain in
reference to the second pregnancy), and then gestational weight gain and
weight retention connected with the second pregnancy.

This report documents the information presented in the workshop pre-
sentations and deliberations. Its purpose is to lay out the key ideas that
emerged from the workshop, both for researchers interested in interdisci-
plinary work in this area and for those who are involved in developing
strategies to promote appropriate weight before, during, and after preg-
nancy. The report should be viewed as only a first step in exploring oppor-
tunities to develop a synthesis of diverse research and applying this knowl-
edge to promote appropriate weight in women of childbearing age, and it is
confined to the material presented by the workshop speakers and partici-
pants. Neither the workshop nor this report is intended as a comprehensive
review of what is known about maternal weight and gestational weight
gain and maternal and child health outcomes, although it is a general
reflection of the literature. Many additional contributors of gestational
weight gain and health outcomes—such as food frequency, congenital mal-
formations, gender of the infant, metabolic syndrome, and contraception—
were not addressed in the limited time available for the workshop. A more
comprehensive review and synthesis of relevant research knowledge will
have to wait for further development. Although this report was prepared
by the committee, it does not represent findings or recommendations that
can be attributed to the committee members. Indeed, the report summa-
rized views expressed by workshop participants and the committee is re-
sponsible only for its overall quality and accuracy as a record of what
transpired at the workshop. The workshop was not designed to generate
consensus conclusions or recommendations but focused instead on the iden-
tification of ideas, themes, and considerations that contribute to under-
standing the role of weight gain during pregnancy as well as informing
strategies that might help women achieve and maintain appropriate weight.
The workshop mainly considered health outcomes of public health signifi-
cance for the United States and is not necessarily pertinent to other settings.

One additional topic deserves attention in presenting this overview of
pregnancy weight gain studies. Various presenters referred to weight pat-
terns measured in pounds or kilograms. In this report, all data are reported
in pound measures. Data that refer to kilogram measures have been con-
verted to pounds to allow for easier comparisons across research studies.

Following this introduction, the report includes five sections that high-
light the panel presentations at the workshop: (1) trends in maternal and
gestational weight, (2) determinants of gestational weight gain, (3) conse-
quences of gestational weight gain for maternal health, (4) infant health

 
 

 



INTRODUCTION 5

outcomes that ensue from maternal and gestational weight gain, and (5) a
range of approaches that promote appropriate weight during and after
pregnancy. The final chapter describes cross-cutting themes that emerged
from the workshop presentations and discussions.

REFERENCES
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2
Trends in Maternal

and Gestational Weight

Mary Cogswell and Patricia Dietz described several important
trends that have occurred in the weight distribution of different
populations of women in their childbearing years. Figure 2-1

and Figure 2-2 summarize obesity and overweight prevalence trends among
women of childbearing age (ages 20–39) and adolescents (ages 12–19) from
1960 to 2004, respectively. While several major sources provide data that
help describe these trends, a national surveillance system for assessing ma-
ternal weight (prior to, during, and after pregnancy) does not exist. Avail-
able data sets have well-known shortcomings, but together they provide a
general picture of the current situation with respect to maternal and gesta-
tional weight.

Among U.S. women ages 20 to 39 years who are not pregnant, the
prevalence of obesity has increased from about 9 percent in 1970 to about
28 percent in 2000 (Flegal et al., 2002; Ogden et al., 2006). The obesity rate
varies, however, among different ethnic populations: 24 percent for non-
Hispanic white women, 36 percent for Mexican American women, and 50
percent for non-Hispanic black women (Ogden et al., 2006). Figure 2-3
summarizes these obesity prevalence rates in women of childbearing ages
(ages 20–39). Adolescent girls (ages 12–19) have a prevalence of over-
weight (defined as greater than or equal to the 95th percentile of body mass
index, BMI, based on gender and age) that statistically increased from 5
percent in 1970 to 15 percent in 2000. This rate increased slightly to 16
percent in 2004 (Flegal et al., 2002; Ogden et al., 2002, 2006). This preva-
lence was 15 percent for non-Hispanic white girls, 14 percent for Mexican

6

 
 

 



TRENDS IN MATERNAL AND GESTATIONAL WEIGHT 7

FIGURE 2-2 Prevalence (%) of overweight among nonpregnant U.S. adolescents,
ages 12–19. Overweight is defined as greater than or equal to the 95th percentile of
body mass index based on gender and age.
SOURCE: Ogden et al. (2002, 2006).

FIGURE 2-1 Prevalence (%) of obesity among nonpregnant U.S. women, ages 20–
39. Obesity is defined as a body mass index of greater than 30.0.
SOURCE: Flegal et al. (2002) and Ogden et al. (2006).

American girls, and 25 percent for non-Hispanic black girls (Ogden et al.,
2006). Figure 2-4 summarizes these prevalence rates for overweight in
adolescent women (ages 12–19). No nationally representative data exist for
other minority populations, such as non-Mexican Hispanic, American In-
dian, Alaskan Native, and Asian women.
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8 INFLUENCE OF PREGNANCY WEIGHT ON HEALTH

FIGURE 2-3 Prevalence (%) of obesity among U.S. nonpregnant women, ages 20–
39, by race/ethnicity, 2003–2004. Obesity is defined as a body mass index of
greater than 30.0.
SOURCE: Ogden et al. (2006).

FIGURE 2-4 Prevalence (%) of overweight among U.S. nonpregnant women, ages
12–19, by race/ethnicity, 2003–2004. Overweight is defined as greater than or
equal to the 95th percentile of body mass index based on gender and age.
SOURCE: Ogden et al. (2006).
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TRENDS IN MATERNAL AND GESTATIONAL WEIGHT 9

PREPREGNANCY WEIGHT

Cogswell and Dietz observed that two sets of criteria exist for catego-
rizing pregnancy weight status: the criteria of the 1990 Institute of Medi-
cine (IOM) report and the 1998 criteria of the National Heart, Lung, and
Blood Institute (NHLBI) (see Table 2-1). Studies that examined the associa-
tion between prepregnancy BMI and maternal morbidity and mortality
frequently classify prepregnant weight status by the IOM or NHLBI criteria.

These variations in the classification criteria have several ramifications,
which can be seen in studies that draw on data from the Pregnancy and
Nutrition Surveillance System (PNSS), a national database based on infor-
mation about low-income women from 25 states and 6 tribal agencies.
Estimates of the prevalence of underweight according to the IOM criteria
using these data are more than twice the prevalence rates based on the
NHLBI criteria. The prevalence of overweight is 40 percent lower and the
prevalence of obesity is just slightly higher using IOM criteria. The preva-
lence of prepregnancy underweight using IOM criteria has declined from
22 percent in 1983 to about 12 percent in 2004, whereas the prevalence of
overweight has increased from 24 percent in 1983 to 43 percent in 2004
(Centers for Disease Control and Prevention, 2006; see Figure 2-5).

GESTATIONAL WEIGHT GAIN

The recommendations of the 1990 IOM report specify weight gain
ranges during pregnancy for singleton term births based on prepregnancy
BMI (Table 2-2). National birth certificate data include maternal weight.
However, data allow for a comparison between very low gestational weight
gain groups (less than 15 lbs.) and very high gestational weight gain groups

TABLE 2-1 Criteria for Classifications of
Prepregnancy Weight Status

IOM (1990) NHLBI (1998)
Body Mass Index Body Mass Index

Underweight <19.8 <18.5
Normal 19.8–26.0 18.5–24.9
Overweight >26.0–29.0 25.0–29.9
Obese >29.0 30.0+

SOURCE: Institute of Medicine (1990); National Heart, Lung,
and Blood Institute (1998).
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FIGURE 2-5 Prevalence of prepregnancy underweight (BMI <19.8) and overweight
(BMI >26), Pregnancy and Nutrition Surveillance System. BMI refers to body mass
index.
SOURCE: Centers for Disease Control and Prevention (2006).

TABLE 2-2 Summary of IOM Recommended Total Weight Gain Ranges
for Pregnant Women,a by Prepregnancy Body Mass Index (BMI)b

Recommended Total Gain

Weight-for-Height Category kg lb

Low (BMI <19.8) 12.5–18 28–40
Normal (BMI of 19.8 to 26. 0) 11.5–16 25–35
Highc (BMI >26.0 to 29.0) 7–11.5 15–25

aYoung adolescents and black women should strive for gains at the upper end of the
recommended range. Short women (<157 cm, or 62 in) should strive for gains at the lower
end of the range.

bBMI is calculated using metric units.
cThe recommended target weight gain for obese women (BMI >29.0) is at least 6.8 kg

(15 lbs).

SOURCE: Institute of Medicine (1990).
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FIGURE 2-6 U.S. trends in weight gain during pregnancy, singleton, term, primip-
arous births, 1990–2003.
SOURCE: 1990–2000: Rhodes et al. (2003), reproduced with permission from
Pediatrics, 111:1181–1185; 2001–2003: National Vital Statistics System, birth data,
unpublished analysis.

(greater than 40 lbs.). Data are not available to support analyses of national
birth certificate data in relation to the 1990 IOM recommendations based
on prepregnancy BMI; such analyses can examine only total gestational
weight gain at this time.

On the basis of these data, between 1990 and 2003, the percentage of
women who gained less than 15 lbs. during pregnancy increased slightly
from about 4 to 6 percent, and the percentage of women who gained more
than 40 lbs. also increased, from 20 to about 25 percent (see Figure 2-6).

Weight Gain Across BMI Categories

Cogswell and Dietz described several data sets that make it possible to
examine gestational weight gain across BMI categories (albeit not in na-
tionally representative populations), including the National Vital Statistics
System: Birth Data (NVSS), the Pregnancy Risk Assessment Monitoring
System (PRAMS), the Pregnancy Nutrition Surveillance System (PNSS),
and the California Maternal and Infant Health Assessment (CA-MIHA)
(Table 2-3). These data sets support analyses of the distribution of gesta-
tional weight among different age groups as well as selected racial and
ethnic populations (see Table 2-4).
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TABLE 2-3 U.S. Data Sources for Gestational Weight Distribution

Sources Description

National Vital Contains data on all births in the United States as reported
Statistics System: on state birth certificates
Birth Data

Pregnancy Risk State-specific population-based surveys of mother’s attitudes
Assessment Monitoring and experiences before, during, and after pregnancy
System • Linked to birth certificates

• Currently collecting data in 39 states (although data for
the past 10 years are available only in 9 states)

• Height and prepregnancy weight are self-reported
• Weight gain during pregnancy is from the birth certificate

Pregnancy Nutrition Program-based public health surveillance system among low-
Surveillance Systems income pregnant women who participated in federally

funded public health programs
• Currently collects data from programs in 25 states and

6 trial agencies
• Height and weight at first prenatal visit measured by

clinician
• Prepregnancy weight and weight gain during pregnancy

are self-reported

California Maternal Ongoing population-based survey of mothers delivering live
and Infant Health infants in California from February through May of each
Assessment year

• All indicators are self-reported

SOURCE: Cogswell, Dietz, and Branum (2006).

Cogswell and Dietz presented preliminary analyses of these data sets.
Their analyses indicate that similar gestational weight gain patterns can be
found across the different data sets, with several exceptions. The PNSS data
set (which includes more minority populations) shows higher estimates (of
about 5 percent) for women who gained less than 15 lbs. during their
pregnancies. PNSS also shows a higher percentage of women who have
gained more than 40 lbs. during their pregnancies than other data sources.

These data sets also contain data for BMI. In the PRAMS data from
1993 to 2003, the gestational weight gains of a little over one-third of
women were consistent with the 1990 IOM recommendations, with no real
change evident over time. In the CA-MIHA data from 1999 to 2004, about
40 percent of women met the IOM recommendations for weight gain dur-
ing pregnancy, with little change over time. And in the PNSS data from
1992 to 2004, the weight gains during pregnancy of about one-third of
women were within the IOM guidelines. In addition, the PNSS data suggest
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a general increase in the percentage of women gaining weight during preg-
nancy above the IOM recommendations, from about 37 percent in 1993 to
about 46 percent in 2004, and a decrease in the percentage of women
gaining weight during pregnancy below the IOM guidelines, from about 30
to 23 percent also in 1993–2004.

Age, Race/Ethnicity, and Stature

The 1990 IOM report provided specific gestational weight gain recom-
mendations for particular subgroups, including adolescents, members of
racial and ethnic groups, women of short stature, and women carrying
twins. Data collected since 1990 allow for an examination of the degree to
which these recommendations are consistent with gestational weight pat-
terns among different age groups and racial and ethnic populations. Analy-
ses of the PNSS data reveal gestational weight gain distributions for younger
adolescents that are similar to the distribution of women of other ages.
Similar analyses of the PRAMS data show that similar proportions of black
and white women gain at the upper half of the IOM recommendations,
about 20 percent, a finding consistent with the PNSS data, although at a
lower percentage (about 12 to 13 percent).

The 1990 IOM report recommended that women of short stature (less
than 62 inches tall) should strive for gestational weight gains in the lower
end of the recommended gestational weight gain for their BMI. Analyses of
the PNSS data, however, indicate that such women were no more likely to

TABLE 2-4 Distributions of Age and Race/Ethnicity by Data Source,
Current Year

NVSS (%) PRAMS (%) PNSS (%) CA-MIHA (%)

Age (years)
<20 10 10 18 8
20–34 73 75 75 75
35+ 17 15 7 17

Race/Ethnicity
Non-Hispanic white 62 64 50 35
Non-Hispanic black 15 15 24 5
Hispanic 18 15 22 45
Other 5 6 4 14

NOTES: NVSS = National Vital Statistics System: Birth Data; PRAMS = Pregnancy Risk
Assessment Monitoring System; PNSS = Pregnancy and Nutrition Surveillance System; CA-
MIHA = California Maternal and Infant Health Assessment.
SOURCE: Cogswell, Dietz, and Branum (2006).
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be in the lower half of the IOM recommendations than taller women, a
finding consistent with analyses of the PRAMS data.

In summary, analyses of the national data sets suggest that approxi-
mately one-third of pregnant women gain within the IOM gestational
weight gain guidelines and that weight gain pregnancy patterns have been
fairly stable over time, except in the PNSS, which contains more low-
income women. There is no evidence that the IOM recommendations for
specific populations of women have been followed.

POSTPARTUM WEIGHT RETENTION

As the speakers’ overview of the distribution of maternal weight indi-
cated, national data on postpartum BMI or weight retention after preg-
nancy are limited. Analyses of data from the 1988 National Child and
Infant Health Survey suggest that, on average at 12 months postpartum,
about 40 percent of women in the sample retained 14 lbs. above their
prepregnancy weight status. Obese women (BMI >29) were excluded from
these analyses since the IOM gestational weight gain recommendations do
not set an upper weight gain limit, and gestational weight gain was catego-
rized using the IOM classification criteria. In this study, black women
retained more weight postpartum than white women in all BMI categories.
In addition, black women who had higher rates of weight gain during
pregnancy were also likely to retain more weight postpartum. This pattern
was similar to white women who gained in excess of the IOM recommen-
dations (Figure 2-7). A discussion panelist, Anna Marie Siega-Riz, indicated
that her unpublished study of a shorter period (3 months postpartum)
found that the average amount of weight retained postpartum was about 9
lbs. with 45 percent of white women and 57 percent of black women
retaining more than 10 lbs.

National data on postpartum weight retention collected since the 1990
IOM recommendations have not been analyzed. There are, however, some
national and state data sources that may provide useful information about
postpartum weight retention status since the IOM recommendations. For
example, the 1988 National Maternal and Infant Health Survey data indi-
cate that gestational weight gain is associated with excess postpartum
weight retention (Keppel and Taffel, 1993), and preliminary analyses of the
Early Childhood Longitudinal Study Birth Cohort suggest that little asso-
ciation exists between gestational weight gain and postpartum obesity ex-
cept for women who weighed 130 to 149 lbs. before pregnancy. Other data
sources include the Infant Feeding Practices Survey-2 (for which data are
not yet available) and limited data from the PNSS (Table 2-5).
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FIGURE 2-7 Retained weight after delivery (14+ lbs), by gestational weight gain in
reference to IOM recommendations, United States, 1988 (excludes women with
BMI >29).
SOURCE: Adapted with permission from Keppel and Taffel (1993).

TABLE 2-5 U.S. Data Sources to Determine Postpartum Weight
Distribution

Sources Description

Early Childhood A nationally representative longitudinal study of U.S. children
Longitudinal Study born in 2001 that looks at children’s health, development,
Birth Cohort care, and education from birth through first grade

Infant Feeding A national mail panel survey on infant feeding practices that
Practices Survey-2 enrolled pregnant women in 2005

Pregnancy Nutrition Program-based public health surveillance system that
Surveillance System monitors risk factors associated with infant mortality and

poor birth outcomes among low-income pregnant women who
participate in federally funded public health programs, 1983+
(1988+ for pregnancy weight gain)

SOURCE: Cogswell, Dietz, and Branum (2006).
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SUMMARY

The workshop presentations indicated that almost 30 percent of women
of childbearing age (20–39 years) are obese, and the prevalence of obesity is
even higher among Mexican American and non-Hispanic black women.
Over 15 percent of adolescent girls (ages 12–19) are overweight, with
higher prevalence rates among non-Hispanic black adolescents. No na-
tional surveillance system exists to adequately monitor maternal weight
prior to, during, and after pregnancy. The limited data that are available
from 1983 through 2004, prepregnancy underweight declined, while the
prevalence of prepregnancy overweight increased. The numbers of women
gaining less than 15 and more than 40 lbs. during pregnancy (between 1990
and 2003) have slightly increased between 1990 and 2003. Postpartum
weight retention data are limited, although data from 1998 indicate that
black women retained more weight than white women in all BMI categories.

During the presentations and discussion sessions, several challenges
were addressed for the prevention of obesity among adolescent girls and
women of childbearing age and for the promotion of healthy weight gain
during pregnancy. They include the striking absence of evidence of in-
creased adherence to the IOM gestational weight gain recommendations
during the course of a pregnancy among general or selected populations of
women and the variations in prevalence estimates that persist from the use
of different classification criteria (IOM or NHLBI). As noted by the partici-
pants, there continues to be uncertainty as to which criteria are best for
categorizing prepregnant overweight and obesity. Finally, there is uncer-
tainty concerning the application of the adult criteria (prepregnancy BMI
and gestational weight gain recommendations), which are based on an
assumption of relatively static adult weight (exclusive of pregnancy), to
categorize adolescents in studies of weight-related pregnancy outcomes.
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3
Determinants of

Gestational Weight Gain

Determinants of gestational weight gain include a range of biologi-
cal, metabolic, and social factors. Several workshop speakers dis-
cussed the base of knowledge and current understanding of the

complicated relationship between biological and social factors in determin-
ing gestational weight gain. In addition, they indicated how this research
could provide insight on factors that may impede or foster compliance with
the recommended guidelines for gestation weight gain. This chapter is
framed by speakers at the workshop; distinguishing between biological
factors and social factors poses a significant challenge as knowledge is
gained about the nature of their interactions. Many processes involve both
components.

GESTATIONAL WEIGHT GAIN

Janet King observed that gestational weight gain includes three compo-
nents: (1) the products of conception (i.e., the fetus, placenta, and amniotic
fluid), (2) maternal tissues (i.e., uterus, mammary, and blood), and (3)
maternal fat reserves. The fat reserves comprise about 30 percent of the
total gain on average. The components of gain can also be divided into
water, about 65 percent of the total, fat, about 30 percent and the most
variable, and protein, the remaining 5 percent (Butte et al., 2003; Hytten
and Chamberlain, 1980; Kopp-Hoolihan et al., 1999).

Recommended Gestational Weight Gain

The 1990 Institute of Medicine (IOM) report Nutrition During Preg-
nancy recommended guidelines for gestational weight gain. To derive the

18
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recommendations, gestational weight gain was summarized for women in
different prepregnancy body mass index (BMI) groups giving birth to in-
fants weighing between 6.6 and 8.8 lbs., which was considered the normal
range of infant birth weight with good outcomes. The range of reported
gestational weight gain, which was extremely wide, was then narrowed by
the committee to the resultant IOM recommendations (Table 2-2). Abrams
and Parker (1990) reported the mean gestational weight gains of women
with good outcomes (i.e., infants with birth weights within the normal
range) in very similar BMI groups to those used by the IOM committee.
The gestational weight gains of women in the underweight and normal-
weight groups were generally consistent with the IOM recommendations,
but the gains of overweight and obese women exceeded the recommenda-
tions. Wells et al. (2006) reported the odds ratio of gaining either above or
below the IOM’s recommended range was high in women with a pre-
pregnancy BMI greater than 29 compared with women with prepregnancy
BMI of 19.8 to 26—an odds ratio of 19 of gaining above and nearly 7 of
gaining below.

Recommended Rate of Gestational Weight Gain

The 1990 IOM committee also recommended a rate of weight gain
during pregnancy to facilitate the clinical monitoring of weight changes in
pregnant women (Institute of Medicine, 1990). The recommendations were
based on data from the 1980 National Natality Survey. For normal-weight
women, a gain of about 0.9 lb/week in the second and third trimesters was
suggested; overweight or obese women were advised to gain slightly less
and underweight women slightly more. Studies of rates of gestational weight
gain show that women deviate considerably from these recommendations.
Data from over 113,000 women in the Pregnancy Risk Assessment Moni-
toring System (PRAMS) showed that very low rates of gain (<0.26 lb/week)
were more prevalent for obese and very obese women, 8 and 19 percent,
respectively, than in underweight and normal-weight women, 2 percent in
both groups (Dietz et al., 2006). About 10 percent of the women gained
weight at twice the recommended weight (more than >1.7 lbs/week).

Pattern of Gestational Weight Gain

Studies of the pattern of gestational weight gain help to determine
when the greatest rate of gain occurs and how it varies with maternal
prepregnancy BMI. Both Butte et al. (2003) and Carmichael et al. (1997)
reported greater rates of weight gain in the second trimester compared with
the third, with lower average rates in overweight or obese women. How-
ever, the pattern of gain differed in a study of 1,367 Filipino women who
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started pregnancy weighing less than the typical American woman (Siega-
Riz and Adair, 1993). Underweight women (BMI <18.5) gained more
weight during pregnancy than normal-weight or overweight women due to
higher gains in the first trimester. Overweight women (BMI >25) lost a
small amount of weight in the first trimester, but they gained at a more
rapid rate in the third trimester, when fetal growth rates are the highest. In
sum, King observed, studies suggest that the rate of maternal weight gain
during the first half of pregnancy, when fat stores are accumulating, tends
to be lower in women with higher amounts of fat stores at conception.
Also, the average rate of weight gain during pregnancy among U.S. women
is greater than the 0.9 lb./week recommended by the 1990 IOM report.

BIOLOGICAL AND METABOLIC FACTORS
OF GESTATIONAL WEIGHT GAIN

King provided an overview of the role of biological and metabolic
factors in gestational weight gain. Studies of the influence of biological and
metabolic factors tend to be cross-sectional and observational, with rela-
tively small sample sizes. Although it is difficult to draw any conclusions
about the link between these factors and gestational weight gain, two themes
emerge from the research conducted to date: (1) interactions among several
biological factors (i.e., prepregnancy weight, age, parity, and stature) influ-
ence gestational weight gain and (2) the biological influences on gestational
weight gain vary widely among women. Other potential metabolic factors
that may affect gestational weight gain (i.e., placental secretions or meta-
bolic changes in obese women) remain poorly understood.

Prepregnancy Body Mass Index

In 1990, the IOM committee concluded that maternal prepregnancy
BMI is a primary determinant of gestational weight gain and referenced all
of its recommendations to prepregnancy BMI (Institute of Medicine, 1990).
Research studies presented at the workshop continue to support this con-
clusion.

Maternal Age

The effect of maternal age on gestational weight gain has been studied
almost exclusively in young (adolescent) mothers; no data from older moth-
ers were located. Three new studies of gestational weight gain in adoles-
cents have been published since the IOM report was released in 1990
(Hediger et al., 1990; Johnston et al., 1991; Stevens-Simon et al., 1993). As
reported in the 1990 IOM report, these studies suggest that the ratio of
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infant birth weight to maternal gestational weight gain tends to be lower
among adolescents than adults, and higher gestational weight gains do not
improve birth weight in infants born to adolescent mothers. One study has
reported higher rates of total gestational weight gain among adolescent
mothers than among adults (Hediger et al., 1990).

Parity

The 1990 IOM report reported that multiparous women tend to gain
less weight than primiparous women (i.e., first-time mothers). A compre-
hensive study of 523 women in the United Kingdom confirmed this finding
(Harris et al., 1997). In addition, two studies found that high parity is
associated with a higher BMI later in life due to weight retention following
each pregnancy (Harris et al., 1997; Wolfe et al., 1997). As mentioned in
the previous section, higher prepregnancy BMI is the primary determinant
of gestational weight gain. King described one study of U.S. women that
found ethnic variations in the relationship between parity and body weight
(Wolfe et al., 1997). In this study, black women who were underweight at
conception tend to retain about twice as much weight following a preg-
nancy than do underweight white women. Elizabeth McAnarney noted that
young primiparous adolescents are at particular risk for greater weight gain
(Howie et al., 2003).

Stature

Data on the effect of maternal height on gestational weight gain are
very limited. In 1990, the IOM committee reported that short women (<62
in) tend to gain less than taller (>67 in) women (Institute of Medicine,
1990). In a study of 4,791 Hispanic women living in Los Angeles, short
stature (<62 in) increased the risk of poor total weight gain by 50 percent
among underweight and normal-weight women, but not among overweight
or obese women (Siega-Riz and Hobel, 1997). The interactions among
maternal prepregnancy BMI status and stature in affecting gestational
weight gain need further evaluation.

Determinants of Maternal Fat Gain

Fat gain is the most variable of the three components (water, fat, and
protein) of maternal weight gain. The amount of fat gained is more strongly
associated with total weight gain than any other component (Butte et al.,
2003; Kopp-Hoolihan et al., 1999). It also is the component of gestational
weight gain that contributes to higher BMI later in life. For example, in a
small study of 10 women who were similar in terms of race/ethnicity,
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weight status at conception, and parity, maternal body fat changes varied
from a small loss to a gain of over 22 lbs. (Kopp-Hoolihan et al., 1999).

Although maternal total energy intake undoubtedly influences mater-
nal fat gain, other biological regulators, such as genetics, insulin, and leptin,
probably also play a role. Studies show that maternal genotype influences
total weight and, presumably, fat gain. For example, one study found that
women who are homozygous for the T allele of the G-protein β3 subunit
gain statistically more weight during pregnancy than women with other
alleles (Dishy et al., 2003). In another study, polymorphisms of the PPAR-
γ2 gene increased weight gain during pregnancy in women with gestational
diabetes (Tok et al., 2006). Circulating levels of the hormones insulin and
leptin are also associated with excessive amounts of weight gain. In one
study, women in the highest quartile for fasting insulin concentrations
when they registered for prenatal care had a twofold increased risk for
excessive gestational weight gain and a 3.6-fold increased risk of excess
weight retained postpartum, suggesting that the excess weight gained was
fat (Scholl and Chen, 2002). Higher leptin concentrations at entry for
prenatal care have also been found to be associated with excess weight
retained postpartum; for each increase in the log of the initial leptin concen-
tration, weight retention increased by 16 lbs. (Stein et al., 1998).

Summary of Biological Predictors

In 1990 the IOM concluded that prepregnancy BMI was a direct deter-
minant of gestational weight gain (Institute of Medicine, 1990). Studies
conducted during the intervening 15 years support that conclusion, and
also advance understanding of other biological and metabolic factors that
may moderate that relationship. Maternal biological factors, such as age,
parity, and stature, along with maternal genetic and metabolic state, appear
to influence the amount and composition of weight gain.1 The role of other
potential metabolic factors that may affect gestational weight gain—such as
genetics and hormonal regulators that affect metabolism—remain poorly
understood. Future research is needed to identify these factors and to un-
tangle the complex relationships between biological factors and gestational
weight gain.

SOCIAL PREDICTORS OF GESTATIONAL WEIGHT GAIN

Naomi Stotland provided an overview of a large body of literature on
social predictors of gestational weight gain, including studies from the 1990

1It is important to note that other determinants not presented in the workshop may also
exist.
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IOM report as well as subsequent analyses. This research describes predic-
tors of both inadequate and excessive weight gain. The 1990 report focused
on predictors of inadequate gestational weight gain, but more recent atten-
tion has focused on predictors of excessive gestational weight gain as a
result of concern over obesity.

Multiple Predictors

Recent studies have attempted to isolate social predictors of gestational
weight gain by using large samples and collecting measures of multiple
potential predictors. Siega-Riz and Hobel (1997) looked specifically at pre-
dictors of gestational weight gain below the IOM guidelines in a Hispanic
population. For women with low or normal prepregnancy weight, none of
the social factors they considered was associated with increased risk of, or
actual, insufficient gestational weight gain, but several factors were associ-
ated with decreased risk. Among women with low or normal weight, being
U.S.-born, being primiparous, being under age 29, having a planned preg-
nancy, and having a close relative die during the pregnancy decreased the
risk of insufficient gestational weight gain. Among the subgroup of women
who were overweight or obese at the start of their pregnancies, however, a
history of physical abuse increased the risk of low gestational weight gain.
Financial support from the fathers of the babies also decreased the risk of
low gestational weight gain in this sample.

In a study of mostly black and white participants in the Special Supple-
mental Nutrition Program for Women, Infants, and Children (WIC), Hickey
et al. (1999) found that a short interpregnancy interval, smoking, and late
entry into prenatal care were all associated with insufficient gestational
weight gain. These associations, however, varied by race/ethnicity and by
prepregnancy BMI.

Olson and Strawderman (2003) found that change in the amount of
food intake from prepregnancy to pregnancy, change in physical activity
from prepregnancy to pregnancy, and smoking behaviors were indepen-
dently associated with gestational weight gain. Finally, Wells et al. (2006)
used PRAMS data from Colorado to show that insufficient gestational
weight gain was associated with underweight and obesity, rural residence,
low education, and smoking. Excessive gestational weight gain was associ-
ated with overweight and obesity and 12 or fewer years of education.

Individual Predictors

Stotland indicated that numerous studies have examined a wide range
of individual characteristics to find possible predictors of gestational weight
gain. These include education and socioeconomic status; work and physical
activity; caloric intake; overall health status; smoking, alcohol intake, and
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substance use; eating disorders; unintended pregnancy; domestic violence;
and provider advice. The research on each of these factors is reviewed
below.

Education and Socioeconomic Status

Two studies of educational status suggest that lower education is asso-
ciated with increased risk of insufficient gestational weight gain (Hickey et
al., 1999; Wells et al., 2006). Examining socioeconomic status (SES) is
more complicated because studies looking at social predictors tend to use
cohorts of low-income women only, allowing for little variation in SES. In
their study, Olson and Strawderman (2003) reported that women with a
family income less than 185 percent of the poverty line were about 2.6
times more likely to have excessive weight gains during pregnancy than
women with higher incomes. For the overweight and obese subgroup in the
Hispanic cohort studied by Siega-Riz and Hobel (1997), receiving financial
support from the baby’s father decreased the risk of insufficient gain during
pregnancy. The Colorado PRAMS study (Wells et al., 2006) found no
association between SES and the risk of either insufficient or excessive gain
during pregnancy. However, the women most at risk, those with no prena-
tal care, may not be represented in these surveys.

Work and Physical Activity

Work and physical activity were linked to pregnancy outcomes (e.g.,
low birth weight, prematurity) but not maternal weight in the 1990 IOM
report. Data since 1990 are conflicting, generally showing either no dif-
ference in gestational weight gain among women with varying amounts
of physical activity or showing decreased gain in women with higher
physical activity. Two meta-analyses examining a set of heterogeneous
studies reported no overall difference in gestational weight gain by physi-
cal activity. However, a set of smaller studies has reported reduced gesta-
tional weight gain in women who exercised when compared with non-
randomized controls. And Olson and Strawderman (2003) found that
decreased self-reported physical activity was associated with excessive
gestational weight gain.

Caloric Intake

Before the 1990 IOM report, most studies of caloric intake during
pregnancy were supplementation trials conducted in developing countries.
These studies generally showed that supplementation resulted in increased
gestational weight gain. A number of observational studies of caloric intake
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have generally supported this relationship. Olson and Strawderman (2003)
used a proxy measure for energy intake by questioning women about
changes in the amount of food eaten prior to and during pregnancy. They
found that women who ate “much more” during than before their preg-
nancy had an adjusted odds ratio of 2.35 for excessive weight gain during
pregnancy. In a recent prospective observational study conducted in Ice-
land, Olafsdottir et al. (2006) surveyed a cohort of 406 women with a
semiquantitative questionnaire about food frequency that was completed
during the women’s second and third trimesters. A higher energy intake in
late pregnancy was associated with a lower risk of insufficient gestational
weight gain and a higher risk of excessive gestational gain. The researchers
also considered both overall energy intake and change in energy intake
between the first and second survey points. They found that excessive gain
was associated with increased energy intake during that time period, but
absolute energy intake in early pregnancy was not associated with gesta-
tional weight gain.2

Beyond general food intake, recent studies have also examined con-
sumption of different types of food as well as macronutrient intake. In the
Iceland study, the investigators also found that consumption of dairy prod-
ucts and sweets in late pregnancy was associated with a decreased risk of
inadequate gain and an increased risk of excessive gain during pregnancy
(Olafsdottir et al., 2006). The study by Olson and Strawderman (2003)
found that women who consumed three or more servings of fruits and
vegetables a day gained 1.81 lbs. less than women who consumed fewer
than three servings. A study of adolescents by Stevens-Simon and
McAnarney (1992) showed that those who consumed fewer than three
snacks a day had slower weight gain during pregnancy.

In a small randomized clinical trial of a low-glycemic versus a high-
glycemic diet, Clapp (2002) found that the women on the low-glycemic diet
gained less weight during pregnancy (22.9 compared with 40.9 lbs.).3 How-
ever, Siega-Riz and Hobel (1997), examining the associations between the
glycemic load, race/ethnicity, and gestational weight gain in their cohort of
2,000 pregnant women in North Carolina, reported no statistical effect of

2Overall energy intake is an absolute measure of calories consumed, regardless of whether
this amount is consistent over time or inconsistent; an increase in energy intake indicates a
change in energy intake between two points in time, without regard to the absolute level of
intake at either time.

3Glycemic index is a numerical system of measuring how much of a rise in circulating blood
glucose a carbohydrate triggers, for example, consumption of high-glycemic index foods
results in higher and more rapid increases in blood glucose levels than the consumption of
low-glycemic index foods.
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glycemic load4 alone on gestational weight gain. Moreover, they also found
that race/ethnicity was associated with prepregnancy weight. During the
workshop discussion, Siega-Riz suggested that race/ethnicity may interact
with glycemic processes, since in her study white women with higher glyce-
mic load increases are more sensitive to increased weight gain during preg-
nancy, although this was not true for black women. The Icelandic study
found that the percentage of energy intake from various macronutrients is
an important predictor of weight gain only among overweight women and
late in pregnancy (Olafsdottir et al., 2006). Women who had insufficient
gestational weight gain had a lower percentage intake from fat and a higher
percentage intake from carbohydrates than women who had optimal or
excessive gains.

Overall Health Status

Few studies consider overall health status and gestational weight gain.
One study found that chronic or gestational diabetes was associated with
increased risk of insufficient gestational weight gain (Brawarsky et al.,
2005).

Smoking, Alcohol, and Substance Use

Most studies of smoking published since the 1990 IOM report show an
increased risk of inadequate gestational weight gain associated with to-
bacco use (Furuno et al., 2004; Olson and Strawderman, 2003; Wells et al.,
2006). An additional study noted by Calvin Hobel found that smoking
status may contribute to the association of parity and the risk of becoming
overweight, in that, among smokers, increased risk of high BMI later in life
is not associated with parity (Gunderson et al., 2005). Most studies since
1990 of alcohol and illegal substance use show either no association be-
tween alcohol use and gestational weight gain or slightly higher gains among
drinkers, including adolescents (Stevens-Simon and McAnarney, 1992).

Eating Disorders

Few studies consider eating disorders and gestational weight gain. One
study found no overall difference in gestational weight gain of women with
eating disorders compared with a control group, although the anorexic
subgroup had a statistically lower mean gain than the controls (Kouba et
al., 2005).

4Glycemic load describes the quality (glycemic index) and quantity of carbohydrate in a
meal or diet.
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Unintended Pregnancy

Data concerning the effect of unintended pregnancy on gestational
weight gain are somewhat conflicting. Hickey et al. (1997) found that
mistimed or unplanned pregnancy was associated with an increased risk
(adjusted odds ratio) for insufficient gestational weight gain among black
women. In the study by Siega-Riz and Hobel (1997), planned pregnancy
was associated with a marginally statistically significant decreased risk for
insufficient gestational weight gain, but only among the low and normal-
weight subjects in this Hispanic cohort. The PRAMS study has not found
an association between gestational weight gain and planned pregnancy
(Wells et al., 2006).

Domestic Violence

Two studies of domestic violence suggest an association between inti-
mate partner violence, or domestic violence, and insufficient gestational
weight gain (McFarlane et al., 1996; Siega-Riz and Hobel, 1997).

Provider Advice

Cogswell et al. (1999) examined the role of professional health care
provider advice in influencing gestational weight gain through a mail sur-
vey of a predominantly white, middle-class cohort of women. The survey
asked how much weight the women were told to gain by their health care
provider during pregnancy, their target weight gains, and their actual gain.
The study found that the advised and target gains were strongly correlated
with actual weight gain. Receiving no advice on gestational weight gain, a
fairly prevalent situation, was associated with weight gain outside the guide-
lines. Provider advice to gain below the IOM recommendations was associ-
ated with actual weight gain below the recommendations (an adjusted odds
ratio of 3.6), and advice above the guidelines had the same odds ratio for
higher rates of gain. The absence of professional health care advice con-
cerning weight gain put women at risk for both too high and too low gains.
In this study, black women were more likely to report receiving advice to
gain less than the 1990 IOM recommendations.

Research Needs

The increasing prevalence of obesity emphasizes the need to shift focus
to predictors of excessive gestational weight gain. The nature and source of
provider advice intervention is a research area that could indicate how the
role of provider and type of advice influence gestational weight gain.
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Stotland highlighted a phenomenon called centering pregnancy or group
prenatal care, which gives patients extended time with the provider in a
group setting. Although group prenatal care can improve birth weight in
women at risk for having low birth weight infants, virtually no research has
examined how the type of prenatal care affects gestational weight gain.

Another promising area of future research, concerning the type of pro-
vider (midwife versus physician) of care, has not been examined. For ex-
ample, studies have not yet examined differences between midwives and
physicians in providing guidance on prenatal weight gain.

More research is also needed about maternal dietary factors, such as
low-glycemic load diets and their association with gestational weight gain.
A third area for future research is suggested by the consistent indication of
interactions among social factors, race/ethnicity, and rates of gestational
weight gain. The presence of such interactions suggests the need to study
them further to elucidate the effects of specific social factors on a race/
ethnicity or cultural group. The data are unclear and conflicting concerning
the role of physical activity and exercise; more studies are needed of inter-
ventions, both during and prior to pregnancy, to improve physical activity.
Other potential social factors that may affect gestational weight gain (e.g.,
hormonal contraception) also remain poorly understood.

Summary of Social Predictors

The initial predictors of gestational weight gain (insufficient or exces-
sive) identified in the 1990 IOM report remain important, but more recent
literature has identified several additional predictors, such as unintended
pregnancy, eating disorders, physical activity provider advice, and diet.
Some potential predictors have not yet been extensively explored
(Table 3-1).

SUMMARY

The King and Stotland reviews of the contributions of biological/meta-
bolic and social factors to both insufficient and excessive gestational weight
gain suggest an intricate web of process and interaction. New data on the
predictors of gestational weight gain remain limited in scope. Prepregnancy
BMI remains the primary determinant of gestational weight gain, but other
biological and metabolic factors probably moderate that relationship. Ma-
ternal biological factors, such as age, parity, and stature, along with mater-
nal genetic and metabolic state, appear to influence both the amount and
composition of gestational weight gain. Complex interactions among the
biological factors influencing gestational weight gain vary widely among
different populations of women. Future research could reveal the nature of
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these complex interactions and their influence on the rate and pattern of
weight gain during pregnancy.

Numerous social factors are predictors of either inadequate or exces-
sive gestational weight gain. Key social predictors of gestational weight
gain include smoking, SES, education, use of illegal substances, diet (which
results in biological factors such as energy intake), physical activity, unin-
tended pregnancy, domestic violence, eating disorders, and provider advice.
In addition, the literature suggests other potential social predictors—type of
provider and type of prenatal care—that deserve consideration. The litera-
ture on racial/ethnic differences in these biological and social predictors is
limited.

This review of both biological and social factors of gestational weight
gain illustrates factors that may impede or foster compliance with recom-
mended gestational weight guidelines and may guide Title V maternal and
child health programs in helping women of childbearing age to achieve and
maintain recommended weight before, during, and after pregnancy. Recent
research suggests that narrowing the range of recommended gestational
weight gain values may be especially important for overweight or obese
women. However, it is unclear whether women would respond to such a

TABLE 3-1 Social Predictors of Inadequate and Excessive Gestational
Weight Gain

Inadequate Gestational Weight Gain Excessive Gestational Weight Gain

Identified in the IOM (1990) report: Identified in the IOM (1990) report:
• Lower socioeconomic status/education • High energy intake
• Cigarette smoking • Increase in energy intake
• Low energy intake Identified since the 1990 report:
• Use of illegal substances • Decrease in physical activity

Identified since the 1990 report: • High-glycemic diet
• Low dairy intake • High-fat diet
• Unintended pregnancy • Consumption of sweets
• Domestic violence • Lack of provider advice/advice
• Anorexia nervosa greater than the guidelines
• Short interpregnancy interval Possible predictors:
• Lack of provider advice/advice less • Type of providera

than the guidelines • Type of prenatal carea

NOTE: IOM = Institute of Medicine.

aPossible social predictors of gestational weight gain that have not been extensively ex-
plored.

SOURCE: Stotland (2006).

 
 

 



30 INFLUENCE OF PREGNANCY WEIGHT ON HEALTH

change, since a high proportion of women gain in excess of current recom-
mended guidelines.
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4
Maternal Weight,

Gestational Weight Gain,
and Maternal Health

Weight patterns (underweight and overweight) and gestational
weight gain can influence both short- and long-term conse-
quences for maternal health. Understanding the effects of differ-

ent weight patterns and gestational weight gain on maternal health out-
comes requires close examination of the mechanisms that link gestational
weight to later health conditions as well as consideration of risk and protec-
tive factors that contribute to or inhibit these effects. As discussed in Chap-
ter 3, the relationship between prepregnancy weight and gestational weight
gain is complex; their influence on maternal health outcomes is not easily
distinguished, and this is reflected in this summary. In light of concerns
about rising rates of obesity, the presenters focused their review on the
contributions of excessive gestational weight gain and overweight status on
maternal health outcomes. This focus is a reflection of the recent research
efforts in this area.

SHORT-TERM MATERNAL HEALTH OUTCOMES

Kathleen Rasmussen provided an overview of the consequences of
weight gain for women during pregnancy and immediately afterward. Both
prepregnancy body mass index (BMI) and gestational weight gain are pre-
dictors of maternal health outcomes. These outcomes arise either through
direct effects of BMI (prepregnancy or postpartum) or gestational weight
gain, or through their interaction. These two factors may operate through
the same mechanism, possibly an excess of fat, or through other mecha-
nisms. In general, higher rates of pregnancy weight gain lead to more
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negative health outcomes; this is particularly true for obese and overweight
women. Details of these effects are described below.

Preeclampsia

Preeclampsia is an abnormal state of pregnancy characterized by hyper-
tension and fluid retention and albuminuria; it can lead to eclampsia, pre-
eclampsia combined with seizure-like convulsions, if untreated. A recent
study of gestational weight gain and preeclampsia by Cedergren (2006)
used data on all births registered in Sweden between 1994 and 2002. The
data reflect the country’s 96 percent white population. The adjusted odds
ratio of developing preeclampsia for women with weight gains of less than
18 lbs. was substantially reduced for all women with a BMI >20 when
compared with women who gained between 18 and 35 lbs. Women in all
BMI groups who gained more than 35 lbs. were at greater risk of develop-
ing preeclampsia than women who gained between 18 and 35 lbs.

Gestational Diabetes Mellitus

Although prepregnant BMI is a well-known predictor of gestational
diabetes, the role of gestational weight gain as a separate predictor of this
condition has not been demonstrated. An association between total gesta-
tional weight gain and diabetes is difficult to interpret, because once a
woman is diagnosed with gestational diabetes, her weight gain is often
intensely managed. Anna Marie Siega-Riz described a study (Saldana et
al., 2005) that examined the relationship between weight gain and glu-
cose intolerance during pregnancy by tracking weight gain up to the time
when gestational diabetes was diagnosed. Results showed that the weight
gain ratio (observed weight gain over the Institute of Medicine (IOM)
recommended weight gain) was higher for women with gestational diabe-
tes when compared statistically with women with normal glucose toler-
ance. The statistical likelihood of developing gestational diabetes was in-
creased by both prepregnancy overweight and obesity status, while the
interaction with weight gain during pregnancy was only marginal. A sub-
stantial interaction between prepregnant BMI and gestational weight gain
arises when considering impaired glucose tolerance. In this study, women
who were classified overweight before pregnancy and who also had ex-
cessive gestational weight gain were at a highly increased risk for im-
paired glucose tolerance when compared with women who had lower
gestational weight gain and prepregnancy BMI. In addition, this associa-
tion was especially strong for black women, suggesting that race/ethnicity
may be a moderator of the interaction between prepregnancy BMI and
gestational weight gain on glucose intolerance.
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Cesarean Delivery

Dietz et al. (2005) used data from the Pregnancy Risk Assessment
Monitoring System (PRAMS) to explore the impact of prepregnant BMI
and gestational weight gain (independently and in interaction) on cesarean
delivery. Statistically, women who were obese or severely obese (BMI >35)
before pregnancy had an increased risk of cesarean delivery. In addition,
women in the very highest gestational weight gain category (41 lbs. or
more) had increased risk of cesarean delivery. There was no interaction
between prepregnant BMI and weight gain during pregnancy in this study.
In the discussion session, Siega-Riz noted another study with similar results
(Vahratian et al., 2005). The possibility of an interaction between pre-
pregnancy BMI and gestational weight gain in predicting the likelihood of
cesarean delivery was also studied by Cedergren (2006) using a sample of
Swedish women. Among women who gained less than 18 lbs. during preg-
nancy, those who were overweight, obese, or severely obese had a reduced
risk of cesarean delivery compared with those who gained 18 to 35 lbs.
during pregnancy. And regardless of a woman’s prepregnant BMI, gaining
more than 35 lbs. compared with gaining 18 to 35 lbs. led to an increased
risk of having a cesarean delivery.

Duration of Breastfeeding

Research has suggested an association between prepregnant BMI and
failure to initiate and sustain breastfeeding among postpartum women.
Inasmuch as the biological mechanism for this association could be the
accumulation of fat it is possible that gestational weight gain may also play
a role.

Data from PRAMS have not demonstrated an interaction between
prepregnant BMI and gestational weight gain on the duration of any breast-
feeding, but Rasmussen’s recent study of 2,700 women in Cooperstown,
New York, reported such an interaction for the duration of exclusive
breastfeeding (Hilson et al., 2006). Specifically, gaining more than the IOM
recommended weight was associated with shorter breastfeeding duration
for underweight women as well as overweight or obese women, when
compared with normal-weight women.

Data on U.S. women may reflect the lack of support for breastfeeding
in U.S. culture, so it is informative to conduct the same analysis in cultures
in which breastfeeding is protected and supported. One such culture is
Denmark, where women have 24 weeks of fully paid maternity leave,
which encourages longer periods of breastfeeding. Unpublished analyses
from 35,000 women in the Danish National Birth Cohort (J.L. Baker and
K.M. Rasmussen, unpublished data) provide this counterpoint. In this
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sample, the risk of early termination of full breastfeeding went up as BMI
increased from underweight to normal to overweight to obese. In each
BMI group, women who gained the most weight during pregnancy had
the highest risk of early termination, and obese women were at risk of
early termination of full breastfeeding regardless of how much weight they
gained during pregnancy.

Postpartum Weight Retention

To investigate the association between gestational weight gain and
postpartum weight retention, Rasmussen compared data from Greene et al.
(1988) and from Muscati et al. (1996). Even though the Greene et al. data
examined the amount of weight retained between pregnancies (adjusted for
the duration between pregnancies) and those of Muscati et al. reported on
weight retention at six weeks postpartum, analyses of both datasets suggest
the same conclusion; women who gained more than 15.5 lbs. retained
weight at the endpoint measured in each data set.

The only data available on minority women and postpartum weight
retention are those drawn from the 1988 National Maternal and Infant
Health Survey by Keppel and Taffel (1993). In this study, when women’s
total weight gains were less than the IOM guidelines throughout their
pregnancies, retention rates for both black and white women were similar
at 10 to 18 months postpartum; the proportion of women who retained
more than 14 lbs. was less than 10 percent of white women and about 15
percent of black women. At weight gains within the IOM recommenda-
tions, 35 percent of black women retained more than 14 lbs. but only 10
percent of white women did so. At weight gains above the IOM recommen-
dations, proportions of both black and white women retained more than 14
lbs. statistically. Parker and Abrams (1993) have also used this data set to
provide information about the gestational weight gain of black women.
They found that when compared with white women, black women were
consistently more likely to retain 20 lbs. at 10 to 18 months postpartum.

The data from the Bassett Mothers’ Health Project allow for a more
detailed examination of gestational weight gain and postpartum retention
(Olson et al., 2003). In general, in this study heavier women retained more
weight if they had gained excessive amounts of weight, although this ac-
counted for relatively little of the variance in postpartum weight retention.
In multivariate analysis, Olson et al. demonstrated that a variety of factors
predicted postpartum weight retention, including high levels of exercise,
low food intake, still breastfeeding at a year postpartum, low gestational
weight gain, and extremes of maternal age. One reported statistically sig-
nificant interaction indicates that lower income women (defined as an an-
nual family income <185 percent of the poverty income ratio) who gained
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more than the recommended amount of weight were particularly likely to
have retained more than 10 lbs. when compared with women with higher
incomes. In addition, lower income women who were obese before preg-
nancy were also likely to retain more weight than obese women with higher
incomes.

Finally, data from the Danish National Birth Cohort have been used to
examine whether the duration of breastfeeding modifies the relationships
between prepregnant BMI, gestational weight gain, and postpartum weight
retention (J.L. Baker and the Postpartum Weight Retention Study Group,
unpublished, personal communication). In this study, there was a 29 lbs.
difference between those who retained the least at 6 months postpartum
(obese women who gained below the IOM guidelines and fully breastfed
their babies longer than 16 weeks) and those who retained the most (under-
weight women who gained above the IOM recommendations and breastfed
less than 16 weeks). In other words, breastfeeding behavior modified the
effects of both prepregnant BMI and gestational weight gain on postpartum
weight retention.

Summary of Short-Term Maternal Health Outcomes

Table 4-1 summarizes the information on immediate and short-term
maternal outcomes of gestational weight gain and prepregnancy BMI.
Rasmussen observed that while more data were available since the 1990
IOM report, understanding these relationships among key variables re-

TABLE 4-1 Presence of an Association for Immediate and Short-Term
Maternal Health Outcomes Attributable to Prepregnant Body Mass Index
(BMI) and Gestational Weight Gain

Prepregnant Gestational
Outcome BMI Weight Gain Interaction

Preeclampsia Yes Yes Unknown
Gestational diabetes Yes No Unknown
Cesarean delivery Yes Yes Conflicting
Failure to initiate/sustain breastfeeding Yes Yes No/conflicting
Postpartum weight retention at 1 year No Yes Conflicting

NOTES: ”Yes” indicates an association has been found in the literature between prepregnancy
BMI or gestational weight gain to a maternal health outcome. “No” indicates an association
has not been found in the literature between prepregnancy BMI or gestational weight gain to
a maternal health outcome.
SOURCE: Rasmussen (2006).
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mains limited. Information for minority groups is all but unavailable. The
available data, however, consistently show associations between increasing
prepregnant BMI, more specifically being overweight or underweight, and
a range of negative maternal health outcomes—preeclampsia, gestational
diabetes, cesarean delivery, failure to initiate and sustain breastfeeding, and
postpartum weight retention at 1 year. The data that demonstrate relation-
ships between gestational weight gain and these same negative outcomes
are also consistent: excessive weight gain is associated with these same
negative maternal health outcomes. What is currently either unknown or
inconsistent in the literature is the nature of the interactions between
prepregnant BMI (being overweight or underweight) and gestational weight
gain in predicting these varied negative maternal health outcomes.

LONG-TERM MATERNAL HEALTH OUTCOMES

Erica Gunderson reviewed current knowledge about long-term health
outcomes (more than 1-year postpartum) for mothers as a function of
weight gain during pregnancy. In the 1990 IOM report, limited data were
available on the effects of gestational weight gain on maternal health; the
main concern was how much weight was gained during pregnancy or re-
tained postpartum.

A growing literature on the influence of childbearing on women’s
health examines not only the first few years after delivery but also subse-
quent decades. Some of the studies presented and reviewed include a
nonpregnancy comparison group, which may help distinguish weight gain
due to pregnancy from weight change unrelated to pregnancy. Other stud-
ies include only women who have had a pregnancy (pregnancy cohort),
which may help identify maternal attributes that contribute to weight gain
and retention.

Long-Term Weight Gain

The modifiable attributes or predictors of postpartum weight retention
addressed in the 1990 IOM report include prepregnancy weight, parity,
gestational weight gain, age, and lactation. Since 1990 a number of addi-
tional factors have emerged, which include prepregnancy body size (i.e.,
BMI), interval to first birth, socioeconomic status, and smoking, as well as
the fixed attributes of race/ethnicity and age at menarche (see Table 4-2).

Prepregnancy Weight Patterns

Gunderson explained that researchers and clinicians have been trying
to estimate long-term maternal weight gain, which is primarily assessed at
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two years after pregnancy, as a function of weight gain during pregnancy.
Gunderson indicated that it has been known since 1957 that the heavier a
woman is at the beginning of pregnancy (measured by BMI), the greater her
weight is later (McKeown and Record, 1957). This weight includes both
retained pregnancy gain and weight gained postpartum due to postpartum
behaviors. In a Scottish study, overweight women had the greatest increases
in body weight before subsequent pregnancies, and most of this was after
the first birth (Billewicz, 1970). In other work with a perinatal cohort
(Gunderson et al., 2001), higher long-term weight changes for obese women
were found despite their lower pregnancy gain, with no real differences
observed in BMI groups across race/ethnicity groups.

Recent pregnancy cohort studies, which primarily have included only
primiparous women, have looked at long-term excess weight gain after
pregnancy. These studies found that at two or more years postpartum,
mean weight gain values compared with preconception weight varied some-
what but are estimated generally at about 6 lbs. (McKeown and Record,
1957), about 1.8 lbs. for women who were underweight, and 5.3 lbs. for
women who were overweight (Billewicz, 1970). Harris et al. (1997) re-
ported that 71 percent of primiparous women retained less than 2.2 lbs. In
a study with women from multiple racial and ethnic groups, weight gain at
2 years postpartum was around 4.4 lbs. for underweight and normal-weight
women and about 8.8 lbs. for overweight and obese women (Gunderson et
al., 2001). The key risk factors for the excess weight gain after pregnancy,
which were fairly consistent across these studies, were high prepregnancy
weight, high prepregnancy BMI, high gestational weight gain, and parity.

TABLE 4-2 Summary of Attributes of Postpartum Obesity

Before 1990 Since 1990

Modifiable Attributes Modifiable Attributes
Age Age
Gestational weight gain Gestational weight gain
Lactation Lactation
Prepregnancy weight Prepregnancy BMI
Parity Parity

Internal to first birth
Socioeconomic status
Smoking

Fixed Attributes
Race/ethnicity
Age at menarche

SOURCE: Gunderson (2006).
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Pattern of Postpartum Weight Loss

A study from 1957 looked at the pattern of maternal weight loss during
the postpartum period by lactation duration (McKeown and Record, 1957).
This is one of the few studies that includes serial weight measurements after
delivery, in this case three times during the first year and at 24 months
postpartum. The study indicates a potential pattern of postpartum mater-
nal weight loss and suggests a point at which there is a change from a loss
to a gain.

As mentioned earlier, work done in the pregnancy cohort looked at
whether pregnancy gain varied by prepregnancy BMI (Gunderson et al.,
2001). The overweight women gained (net gain) the most weight during
pregnancy (30 lbs.). What is striking is that the early net postpartum weight
change (first 6 weeks) was almost identical across BMI groups, such that
early net weight gain did not vary, but late postpartum net weight change
varied tremendously (Figure 4-1). In this study, larger declines occurred in
the lighter women than the heavier women. From 6 weeks postpartum to a
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FIGURE 4-1 Patterns of maternal weight changes during gestation and postpar-
tum periods by prepregnancy BMI.
SOURCE: Gunderson et al. (2001). Reprinted by permission from Macmillan Pub-
lishers Ltd: International Journal of Obesity.
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FIGURE 4-2 Net early and late postpartum weight loss as a percentage of net
gestational gain by prepregnancy BMI.
SOURCE: Gunderson et al. (2001). Adapted by permission from Macmillan Pub-
lishers Ltd: International Journal of Obesity.
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point 2 years later, there was a downward trend for most of the groups,
except for the obese women, whose weight remained steady. After adjust-
ing for secular trends as well as underreporting of preconception weight
(because it was between two pregnancies), additional weight gain occurred
after 6 weeks postpartum among the obese and the overweight women.
Gunderson indicated that as a proportion of the total pregnancy gain, obese
women gained the least during pregnancy and 56 percent of their early 6-
week weight loss postpartum was due to the pregnancy gain. After 6 weeks,
however, their weight loss was a much smaller proportion (only 9 percent),
and overall they ended up losing a lower proportion of the pregnancy gain
over time compared with women with a prepregnant BMI categorized as
underweight, normal, and overweight (Figure 4-2).

Incidence and Correlates of Overweight After Pregnancy

Incidence  Another important outcome that was addressed is the shift in
BMI categories. Using 1998 national data, Parker and Abrams (1993) cal-
culated the risk of retaining more than 20 lbs. at 2 years postpartum.
Overall, 14 percent of women retained more than 20 lbs. and a higher
proportion of black than white women had excessive weight retention. A
study of Swedish women indicated that 8 percent became overweight (Ohlin
and Rossner, 1994) within a year after pregnancy, and a study of a preg-
nancy cohort (Gunderson et al., 2000) found that 6.4 percent became
overweight within two years after pregnancy. Of those who became over-
weight, 69 percent had excessive gestational weight gain. A higher propor-
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tion of those who became overweight were Hispanics and blacks, and
lower proportions were Asians compared with white women.

Correlates  A multivariate model using those same data from the preg-
nancy cohort looked for associations with excess weight gain postpartum
(Gunderson et al., 2001). In this model, excessive gestational weight gain
led to a threefold increase in risk of excess weight gain postpartum and a
doubling of the risk was associated with increasing age. The researchers
also found that women who had short intervals (less than 8 years) between
menarche and first birth had a threefold higher risk of excess weight gain
postpartum. Age at menarche of less than 12 years, which has been looked
at as a predictor of weight change over time, was also independently asso-
ciated with an almost threefold increase in risk of excess weight gain post-
partum. Asian ethnicity was a protective factor for excess weight gain
postpartum, with no meaningful increase in risk of excess weight gain
postpartum for Hispanics or blacks compared with a white reference group.
Gunderson concluded that gestational weight gain is a strong predictor of
excess weight gain postpartum, but other biological factors can be strong
independent effects.

Gunderson et al. (2004b) and Williamson et al. (1994) have examined
childbearing and the risk of becoming overweight. In these studies, they
compared women who gave birth to women who did not during a fixed
interval. They included preconception measured weights on all the women
as well as measured weights during the study follow-up period. Williamson
et al. (1994) found that having one birth versus zero doubled the risk of
becoming obese. Gunderson et al. (2004b) found an interaction between
childbearing and smoking status; for smokers, childbearing reduced the risk
of becoming overweight, and for never-smokers childbearing more than
doubled the risk of becoming overweight with childbearing (Gunderson et
al., 2004b). In addition, in this study, independent of childbearing, black
women were 3.5 times more likely to become overweight, whether or not
they had a birth (Gunderson et al., 2004b). Parker and Abrams (1993)
found overall that women with high gestational weight gain had an in-
creased risk of being overweight postpartum, and this was especially true
for black women as compared to white women.

A few studies have looked at whether weight gain during pregnancy
might predict weight gain 8 to 15 years later in life (Linne and Rossner,
2003; Rooney and Schauberger, 2002). These studies include only white
women and have high attrition rates, but overall their results suggest that
high prepregnancy BMI, weight retention at 6 months postpartum, gesta-
tional weight gain, and short breastfeeding duration are associated with
greater weight gain later in life.

In summary, Gunderson reviewed the incidence and correlates of sub-
stantial weight gain after pregnancy (more than 2 years postpartum) based
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on pregnancy cohort studies. These correlates include high prepregnancy
BMI, gestational weight gain greater than the 1990 IOM recommenda-
tions, primiparity, short interval from menarche to first birth, and me-
narche before 12 years of age.

Long-Term Changes in Adiposity

Two prospective studies with data on long-term weight gain for primi-
parous women and a nonpregnancy comparison group report conflicting
results (Coronary Artery Risk Development in Young Adults [CARDIA]
and National Health and Nutrition Examination Study [NHANES] Epide-
miologic Follow-up Study). The CARDIA study results (a 5- and 10-year
study) suggested that primiparous women have excessive weight gain post-
partum, about 4 to 7 lbs. more than nulliparous women (who have no
births) (Gunderson et al., 2004a; Smith et al., 1994). The NHANES Epide-
miologic Follow-up Study (a 10-year study), which involves a smaller num-
ber of primiparous women, found that the multiparous women are the ones
with excess gain postpartum (Williamson et al., 1994; Wolfe et al., 1997).
The CARDIA study (Gunderson et al., 2004a) examined a large sample of
women for 10 years and found that, among normal-weight women, the
postpartum excess gain due to childbearing was only about 2 lbs. but
women who were overweight before pregnancy gained 7 to 13 lbs. This
result occurred only among the primiparous women and was the same for
blacks and whites. The absolute weight gain among overweight black
women was higher than for overweight white women, and the absolute
gain in the black normal-weight group was higher than the white normal-
weight group. Looking across number of births, the researchers found that
among overweight women, black women show 7 to 11 lbs. long-term post-
partum weight gain, while white women show an 11 to 13 lbs. gain due to
a single birth.

In a follow-up study of the Black Women’s Health Survey, the research-
ers found (over a 4-year period) that primiparous women gained more net
weight than nulliparous ones, and excess net weight gain associated with
one birth was about 7 lbs. for overweight women, who also had some
increase in BMI with gestational weight gain (Rosenberg et al., 2003). An
increase in BMI was found among women who gained more than 25 lbs.
during pregnancy.

Other Long-Term Health Outcomes

Independent of weight gain, other conditions associated with child-
bearing—such as abdominal obesity, plasma lipid changes, and an increased
risk of chronic disease, including coronary heart disease and diabetes—may
affect women’s health.
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Abdominal Obesity

The CARDIA study measured waist girth to gain insight into the asso-
ciation between childbearing and abdominal obesity (Gunderson et al.,
2004a; Smith et al., 1994). Waist girth was measured in this prospective
study at preconception for those who bore children and these women were
compared with a nongravid (not pregnant) reference group. Primiparous
women gained more abdominal girth than nulliparous women (Gunderson
et al., 2004a; Smith et al., 1994). There is a similar association with excess
gains in waist circumference for normal-weight and overweight women
(primiparous and multiparous). Normal-weight women (both black and
white) showed about 1 inch excess waist girth gain, and overweight black
and white women showed very similar excess gain of 1.5 and 2.5 inches,
respectively (Gunderson et al., 2004a).

Plasma Lipid Changes

There also appears to be an association between higher parity and with
lower high-density lipoprotein (good cholesterol) levels, and in cross-
sectional studies, researchers have found a threshold effect with a high
number of births. However, in the best prospective studies of women of
childbearing age, having one birth (versus none) contributed to a drop of
3.5 mg/dl on average (Lewis et al., 1996). In the longer term (10 years),
there appears to be a 3 to 4 mg/dl difference between primiparous and
nulliparous women, with similar changes for black and white women
(Gunderson et al., 2004a).

Chronic Diseases

In terms of pregnancy and future risk of chronic disease, a study using
a pregnancy cohort found that a high BMI and excess weight gain over 15
years were associated with increased risk of future chronic disease although
the researchers did not report a direct association between gestational
weight gain and chronic disease (Rooney et al., 2005). Higher lifetime
parity has been associated with coronary heart disease risk in women, but
the data are conflicting (Colditz et al., 1987; Ness et al., 1994; Rosenberg et
al., 1999; Steenland et al., 1996). Diabetes has also been associated with
lifetime parity in several early studies, but this association was confounded
by age, fertility, socioeconomic status, and BMI.1

1Although not presented at the workshop, it is important to note that other health out-
comes may exist in relation to maternal weight and gestational weight gain.
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Cross-sectional and population-based studies of the association of par-
ity with type II diabetes have produced conflicting results. A single prospec-
tive study reported no association between parity and diabetes when age,
BMI, and family history of diabetes were controlled (Manson et al., 1992).
For women with gestational diabetes, there is some evidence that an addi-
tional pregnancy is associated with a threefold higher risk of type II diabe-
tes, independent of weight gain (Peters et al., 1996).

Research Needs

The workshop discussion sessions identified many gaps in the existing
body of knowledge. First, understanding the influence of social determi-
nants of health on maternal weight is a major priority. Second, studies
should explore the risk of chronic disease (type II diabetes, hypertension,
arthritis, cancers) by prepregnancy weight or gestational weight gain and
the impact of these factors on not only weight but also abdominal adipos-
ity, body composition, and other risk factors for cardiovascular disease.
Third, the field needs more information about preconception measures of
the risk factors, gestational weight gain, postpartum weight patterns, whe-
ther postpartum weight gain is really retention or secular trends, and what
point in time is the most important to intervene. Fourth, research is needed
that examines lactation and long-term weight changes in women. Finally,
there are few data on Hispanic or Asian women.

Summary of Long-Term Maternal Health Outcomes

In summary, cumulative gains in abdominal obesity, lower high-density
lipoprotein levels independent of obesity, and weight gain during midlife
are all associated with increased risk of chronic diseases in women. There is
some evidence about an increased risk of diabetes after experiencing gesta-
tional diabetes. However, the evidence is insufficient about whether child-
bearing itself is associated with these chronic diseases, or whether the gain
over time is due to factors other than childbearing.

The greatest long-term health effects of childbearing (>1-year postpar-
tum) appear to occur after a first birth. These effects occur mostly among
women who were already overweight before pregnancy and who have ex-
cessive weight gain after pregnancy, higher waist girth, and lower high-
density lipoprotein values. Among normal-weight women, there is a modest
increase in the risk of postpartum overweight following childbirth as well
as a cumulative effect with each birth on waist girth. The long-term health
effects of childbearing do not seem to differ by race/ethnicity as long as
maternal obesity at the start of pregnancy is taken into account.
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SUMMARY

At the workshop, Rasmussen and Gunderson reviewed research on
maternal health outcomes of gestational weight gain. Understanding the
effects of different weight patterns (overweight or underweight) and gesta-
tional weight gain on maternal health outcomes requires further attention
to a broad array of factors associated with the status of women’s health in
different demographic groups. New data exist on the consequences of in-
sufficient or excessive gestational weight gain for women, but these data are
limited in scope. Recent research efforts focus more on being overweight
and excessive gestational weight gain as risk factors for poor maternal
health outcomes. Information for minority groups primarily includes only
non-Hispanic black U.S. women; almost no data are available on Hispanic,
Asian, or Native American populations of women.

Although limited, the data available consistently show associations be-
tween prepregnant BMI and a range of negative immediate and short-term
maternal health outcomes (<1-year postpartum) including preeclampsia,
gestational diabetes, cesarean delivery, failure to initiate and sustain breast-
feeding, and postpartum weight retention at 1 year. Studies that show a
relationship between gestational weight gain and these same immediate and
short-term maternal health outcomes are also consistent. However, whether
or not there is an interaction between prepregnant BMI (overweight or
underweight) and gestational weight gain in predicting immediate and short-
term maternal health outcomes is unknown or inconsistent in the literature.

A limited yet growing literature has demonstrated the influence of
childbearing on women’s long-term maternal health outcomes (>1-year
postpartum). This research base generally uses (1) prospective studies, which
may help distinguish weight gain due to pregnancy from weight change
unrelated to pregnancy, and (2) pregnancy cohort studies, which may help
identify maternal attributes that contribute to weight gain and retention.
This body of research has suggested that cumulative gains in abdominal
obesity, lower high-density lipoprotein levels independent of the obesity,
and weight gain during midlife are all associated with increased risk of
chronic diseases in women. However, the evidence is insufficient about
whether the childbearing experience is associated with these chronic dis-
eases specifically, or whether the gain over time is due to factors other than
childbearing. More research is needed on the impact of childbearing inde-
pendent from and in combination with additional risk factors on long-term
health outcomes. There is some evidence suggesting an increased risk of
diabetes after experiencing gestational diabetes. The most serious longer
term maternal health outcomes of childbearing appear to occur mostly
among women who were already overweight before pregnancy, have exces-
sive gains in weight and waist girth after pregnancy, and have lower high-
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density lipoprotein levels. In addition, among women with a normal BMI
there is a modest increase in the risk of overweight postpartum, and each
birth has a cumulative effect on waist girth.

The high rates of obesity among women of reproductive age suggest
that guidelines that are directed solely at changing gestational weight gain
should be viewed as only one component of a comprehensive strategy to
limit the long-term maternal effects of chronic obesity. Since the ability to
predict gestational weight gain is limited and the consequences of inappro-
priate gestational weight gain are poorly understood, more research is nec-
essary to inform the knowledge base that could guide policy and profes-
sional guidance. At a minimum, attention needs to focus on prepregnancy
weight status and gestational weight gain, independently and in combina-
tion, as strong indicators of subsequent weight gain trends. Additional
attention needs to be paid to the adolescent population, since the nature
and strength of these relationships may differ from those found among
older mothers.
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5
Maternal Weight,

Gestational Weight Gain,
and Children’s Health

Amajor session of the workshop addressed the role of maternal
weight and gestational weight gain as direct predictors and mod-
erators of children’s growth and health. Matthew Gillman intro-

duced the session by observing that the 1990 Institute of Medicine (IOM)
report placed an emphasis on birth outcomes that are chiefly related to low
birth weight, which was a particular concern at that time. However, in this
current era of epidemic obesity, attention has expanded the range of birth
weight outcomes of interest as well as other salient short- and long-term
outcomes for which birth weight is a proxy. Gillman also discussed fetal
and developmental origins of chronic disease, and the life-course approach,
which postulates that perturbations during the earliest stages of human
development can have lifelong impact on chronic disease. Gillman expressed
the view that the human development model may be an important key in
understanding the effects of maternal weight and weight patterns during
pregnancy on infants’ and children’s growth and health.

The following sections review the available research on short-term in-
fant health outcomes and the long-term child health outcomes of maternal
and gestational weight gain. In general, short-term health outcomes refer to
infants up to 1 year of age. Long-term health outcomes refer to children
over 1 year. Although the charge to the committee is a focus on infant
health outcomes (up to 12 months), several presenters also reviewed litera-
ture on older child health outcomes of maternal and gestational weight
gain, and this research is reflected in this chapter. The primary focus of this
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review is the influence of excessive gestational weight gain and overweight
pregnancies on child health outcomes, reflecting recent research trends.

SHORT-TERM INFANT HEALTH OUTCOMES

Patrick Catalano provided an overview of the impact of prepregnancy
maternal weight and gestational weight gain on the fetus. Specifically, he
discussed preterm delivery, intrauterine growth restriction, macrosomia,
and body composition. As mentioned in Chapter 2, statistical increases
have occurred in prepregnancy weight in women of childbearing age. The
prevalence of obesity has nearly doubled from the 1980s to early 2000, to
close to 30 percent. In addition, data from MetroHealth Medical Center in
Cleveland show the mean maternal weight at the time of delivery has in-
creased to 190 lbs. in 2003, up from 170 lbs. in 1987.

Preterm Delivery

Maternal prepregnancy weight and gestational weight gain are related
to preterm delivery.1 A recent meta-analysis of 13 studies published from
1980 through 1996 concluded that inadequate weight gain is associated
with an increased risk of prematurity, with a possible indication specifically
on inadequate gain late in pregnancy (Carmichael and Abrams, 1997).
Overall, about 75 percent of preterm deliveries are not medically indicated
but occur from spontaneous labor due to premature rupture of the mem-
branes. In the past 10 years, an increased number of multiple births has also
occurred, which are frequently associated with preterm deliveries. Approxi-
mately one-quarter of all preterm births are indicated on the basis of ma-
ternal complications, such as hypertension, diabetes, and preeclampsia.
Women at the greatest risk for having a preterm birth are those with a
history of preterm birth, with about three to four times the baseline popu-
lation risk.

Analyses using the Pregnancy Nutrition Surveillance System show that
the risk of preterm delivery varied by both maternal prepregnancy body
mass index (BMI) and gestational weight gain (Schieve et al., 1999). The
lowest risk of preterm delivery was found in women gaining between 0.6
and 1 lb per week, and the highest preterm delivery rate was to women who
gained below or above these parameters. The greatest risk was to those
women with a low prepregnancy BMI and a gestational weight gain of less
than 0.2 lb/week. Similar results were found using the National Maternal

1Many other factors relate to preterm delivery. More information can be found in the IOM
report Preterm Birth: Causes, Consequences, and Prevention (Institute of Medicine, 2007).
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and Infant Health Survey excluding medically indicated preterm deliveries
(Schieve et al., 2000), and analyzing data from the Pregnancy Risk Assess-
ment Monitoring System (Dietz et al., 2006).

Preterm risk associations with gestational weight gain may be related to
maternal adipose tissue and cytokine production, because preterm delivery
is related to a maternal or fetal inflammatory response. In addition, recent
studies indicate that inadequate gestational weight gain and low prepreg-
nancy BMI are associated with an increased risk of premature deliveries;
the highest risk was found in underweight women who gained little weight
during pregnancy. Although a substantial increase in BMI has occurred in
women of reproductive age, the preterm delivery rates in the United States
have steadily increased in the past 20 years from about 8 to about 12
percent (Mercer et al., 2006). This trend suggests that other factors are
influencing preterm birth in addition to prepregnancy BMI and gestational
weight gain, especially since an increase in prepregnancy BMI should be
protective against preterm birth.

Mercer conducted a secondary analysis of the preterm prediction study,
a component of the Maternal Fetal Medicine Network Units of the Na-
tional Institute on Child Health and Human Development, looking at fac-
tors related to preterm delivery (Mercer et al., 2006). He compared four
groups: (1) women who had recurrent term births only (two or three term
births), (2) women with no history of any preterms, (3) women who had an
isolated spontaneous preterm birth and a term birth in between, and (4)
women who were at the highest risk of recurrent spontaneous preterm
births, with two or three spontaneous preterm births and no interval term
pregnancy. He further divided women who had isolated spontaneous pre-
term births based on whether this delivery was prior to or was itself the
index pregnancy for the study. Results showed that 38 percent of women
with low prepregnancy BMI (less than 19.8) and recurrent spontaneous
preterm births delivered preterm. Compared with women with either recur-
rent term births or isolated spontaneous preterm births, those women with
a low prepregnancy BMI had a greater risk of another spontaneous preterm
delivery. The women who had recurrent spontaneous preterm births had a
greater risk of low BMI and low weight gain in the early part of pregnancy.
The women who had the recurrent spontaneous preterm births also had the
shortest cervixes compared with the other groups, a characteristic related to
their BMI, not to their height. Levels of maternal plasma cytokines, in this
particular instance IL-6, were lower in the women who had recurrent spon-
taneous preterm births; women who were lean and had recurrent spontane-
ous preterm births had lower values. In conclusion, women with recurrent
spontaneous preterm births weigh less and are leaner before and during the
pregnancy, have shorter cervixes and an advanced Bishop score (an indica-
tion of readiness to induce birth) by 22 to 24 weeks related to the pre-
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pregnancy weight but not their height, and they deliver at an earlier gesta-
tional age than those who did not have an isolated spontaneous preterm
birth in their current pregnancy.

Intrauterine Growth Restriction

Maternal prepregnancy weight and gestational weight gain are also
related to intrauterine growth restriction. Most people define intrauterine
growth restriction as less than 10 percent weight for gestational age, adjust-
ing for gender, race, and geography, primarily altitude. Many different
factors contribute to intrauterine growth restriction, including fetal placen-
tal factors, such as chromosomes, genetic syndromes, congenital malforma-
tions, infectious disease, and placental pathologies. Other factors include
such medical problems as maternal hypertension, diabetes, particularly in-
volving vasculopathies, low maternal prepregnancy weight, premature la-
bor, hypoxia, and substance abuse.

Catalano stated that poor maternal weight gain in pregnancy has not
been found to be directly related to the risk of intrauterine growth restric-
tion.2 For example, in the Dutch winter famine of 1945, women in the
latter part of pregnancy were severely restricted in their calories, but the
average birth weight decreased by only 240 grams. In data published in
2002, the number of term small-for-gestational-age births that occurred
from 1985 through 1998 decreased in both the white and the black popu-
lations by 11 to 12 percent in the United States; in Canada, the numbers
decreased by 27 percent (Ananth and Wen, 2002).

Macrosomia

On the other extreme are babies born with extremely high birth weights,
or macrosomia, defined as birth weight greater than 90th percentile, and
also referred to as large for gestational age. A commonly used criterion is
4,000 grams (about 9 lbs.), but this confounds some of the important
predictors of macrosomia, notably gestational age, the most important
factor, as well as altitude, socioeconomic status, and race/ethnicity. Interna-
tional data suggest an increasing incidence of macrosomic births. In Den-
mark in the past 10 years the mean birth weight has increased 45 grams,
and the number of babies greater than 9 lbs. has increased to 20 percent
(Orskou et al., 2001). In Sweden during the same time period there has

2It is important to note that in Nutrition During Pregnancy, the IOM reported a positive
relationship of gestational weight gain on gestational age-adjusted birth weight and the risk
of intrauterine growth restriction (Institute of Medicine, 1990).
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been a 23 percent increase in the incidence of large babies, which is related
to an increase in maternal BMI and a decrease in smoking (Surkan et al.,
2004). The incidence of term babies large for gestational age has increased
between 5 and 9 percent in the United States during the same time period,
and in Canada up to 24 percent (Ananth and Wen, 2002). The epidemio-
logical data show the number of large-for-gestational-age babies seems to
be increasing in the population.

Finally, Catalano looked at data from Cleveland’s MetroHealth Medi-
cal Center dating back to 1975, which shows a mean increase in birth
weight of 116 grams. The rate of birth of large babies, variously defined, is
increasing, a trend that is primarily related to maternal prepregnancy
weight.

Infant Body Composition

Catalano examined an emerging area of research on body composition
at birth in humans and its possible relationship to maternal weight and
gestational weight gain. Humans, of all the mammalian species, have the
greatest amount of body fat at the time of delivery, around 12 to 15
percent. Studies have considered lean body mass to have a genetic compo-
nent, and fat mass may be reflecting the intrauterine environment (Sparks,
1984).

One study of women with normal glucose tolerance and women with
gestational diabetes looked at the factors relating to fetal growth as indexed
by body composition measures (see Box 5-1) (Catalano and Ehrenberg,
2006). Attributable variance of the infant’s birth weight, lean body mass,
fat mass, and percentage body fat were calculated. Gestational age is the
strongest predictor of infant birth weight, followed by maternal prepreg-
nancy weight, maternal gestational weight gain, smoking (as a negative
factor), and parity. These factors account for 24 percent of the total vari-
ance in birth weight. Infant lean body mass at birth was predicted by
gestational age (the strongest predictor), smoking, maternal prepregnancy
weight and maternal weight gain during pregnancy, parity, maternal height,
and genetic influence. These factors account for a total of about 25 percent
of the variance. Maternal prepregnancy BMI has the strongest correlation
with infant fat mass at the time of delivery (among term singleton infants).
Gestational age is an important predictor of infant fat mass, but maternal
gestational weight gain accounts for only about half of the variance of
infant fat mass compared with variance accounted for by maternal pre-
pregnancy BMI. Even though close to half of the women had gestational
diabetes with a known risk factor for macrosomia, it accounted for only
about 1.6 percent of the variance of about 19 percent explained. The data
for percentage body fat were similar to fat mass for the infant, maternal
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BOX 5-1

Major Maternal Factors That Relate to Fetal Growth and
Body Composition in Infants in a Population of Women

with Gestational Diabetes and Women with
Normal Glucose Tolerance

Birth Weight Fat Mass
Gestational age Prepregnancy BMI
Prepregnancy weight Gestational age
Weight gain Weight gain
Smoking (–) Gestational diabetes
Parity

Lean Body Mass % Body Fat
Gestational age Prepregnancy BMI
Smoking (–) Gestational age
Prepregnancy weight Weight gain
Weight gain Gestational diabetes
Parity
Maternal height
Paternal weight

NOTE: Listed in order of attributable variance (most variance, to least variance).
SOURCE: Catalano and Ehrenberg (2006). Reprinted with the permission of the Royal Col-
lege of Obstetricians and Gynaecologists.

prepregnancy BMI being the strongest correlate, gestational age followed
by maternal weight gain during pregnancy, and gestational diabetes.

One study compared the body composition of neonates born to lean
normal-weight women (prepregnancy BMI less than 25) and women who
were overweight or obese (BMI greater than or equal to 25) prior to their
pregnancy (Sewell et al., 2006). In this one study, infant birth weight was
slightly greater (not statistically significant) for the prepregnancy overweight
and obese women compared with the lean normal-weight women. Among
other body composition variables, there was no difference in infant lean
body mass between the two groups of mothers. However, the women who
were overweight or obese before pregnancy had infants who had a greater
the amount of fat mass and percentage body fat than the lean normal-
weight women. Prepregnancy BMI was not predictive of infant lean body
mass, but gestational age was the best predictor of infant lean body mass in
women who were lean and of average weight before pregnancy. Percentage
body fat for the infant was predicted by gestational age plus the fetal gender
(female) for the lean average weight. Considering the women who were
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overweight or obese before they got pregnant, gestational age plus fetal
gender (male) correlated with infant lean body mass. In women who were
overweight or obese prior to pregnancy, maternal weight gain in preg-
nancy, the 1-hour glucose screen, and gestational age contributed to the
infant’s percent body fat.

Summary of the Short-Term Infant Health Outcomes

The review by Catalano at the workshop indicated that lower rates of
maternal prepregnancy weight and gestational weight gain increase the risk
of preterm delivery.3 There has been a substantial increase in infant birth
weight concomitant with the increase in maternal weight over the past
decade. Gestational age is the strongest predictor of fetal fat mass. In addi-
tion, fetal fat mass has a stronger correlation with maternal prepregnancy
BMI than gestational weight gain. Finally, for women who are overweight
and obese prior to conception, an increase in maternal weight gain during
pregnancy is correlated with an increase in fetal adiposity.

LONG-TERM CHILD HEALTH OUTCOMES

Emily Oken presented an overview of the literature on longer term (>1
year) health outcomes for children based on maternal weight and weight
gain during pregnancy. Child weight patterns (based on BMI) are the pri-
mary outcome of interest in this literature. Limited information is available
about fat and lean body proportions in offspring or about the central
distribution of body fat, which is predictive of disease risk. Just a handful of
studies have looked at cardiovascular risk factors, including blood pressure,
lipids, glucose intolerance, and insulin resistance, as well as type II diabetes
and cardiovascular disease. Finally although higher weight at birth has been
linked with increased risk for cancer, such as breast cancer in particular,
and lower weight at birth is associated with increased risk for osteoporosis
and schizophrenia, the existing literature does not link these conditions to
maternal weight. Therefore, a number of intermediate steps occur in the
pathway linking maternal weight and gestational weight gain to child health
outcomes.

This section reviews what is known about the effect of maternal weight
and weight gain during pregnancy on child health outcomes.

3Although not presented at the workshop, it is important to note that additional infant
health outcomes may relate to maternal weight and gestational weight gain.
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Early Life Factors and Other Considerations

Several factors may influence the association of maternal weight and
weight gain during pregnancy with long-term child health outcomes. These
include glucose tolerance during pregnancy, birth weight, fetal growth,
smoking during pregnancy, infant feeding practices, and maternal and pa-
ternal BMI.

Higher maternal weight is a risk factor for gestational diabetes or
glucose tolerance during pregnancy, as noted in Chapter 4. A fairly robust
body of evidence now suggests that children born to mothers who had
diabetes during pregnancy are themselves at higher risk for overweight,
gestational diabetes, and type II diabetes. These risks appear to be indepen-
dent of the maternal prepregnancy weight.

As discussed in the previous section, many studies have demonstrated a
direct association between birth weight and higher BMI in childhood and
adulthood. There is also an extensive body of evidence suggesting an asso-
ciation between lower fetal growth and increased risk for obesity, glucose
intolerance, and cardiovascular disease risk, even after adjusting for off-
spring BMI. Finally, more rapid growth in the first months, and even per-
haps the first days of postnatal life, are associated with increased risk for
child overweight.

Maternal and paternal BMI reflect the shared genes in the environment
between parents and child, so adjusting for parental size is important for
isolating the role of the prenatal environment. Paternal weight data have
generally not been as readily available as maternal weight data. When
present, paternal weight tends to be less strongly linked with child weight,
which may suggest a persistent influence of the intrauterine environment.
Oken and others have shown that smoking during pregnancy is associated
with increased risk for child overweight.

Mothers who gain more weight and who are more overweight may be
less likely to breastfeed, and breastfeeding protects against later child obe-
sity. Overweight mothers may also be more likely to introduce solid foods
earlier, and early introduction of solids is also a risk factor for later devel-
opment of obesity.

The pathways linking maternal weight and weight gain with child out-
comes are somewhat complex (Figure 5-1). It is important to consider the
extent to which maternal weight and weight gain during pregnancy act
independent of these pathways, because they may help to clarify the popu-
lation impact of greater pregnancy obesity and higher gestational weight
gains.
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FIGURE 5-1 Relationship of maternal weight and pregnancy weight gain to child
outcomes.
SOURCE: Oken (2006).

Maternal Weight

In a study of low-income children in the Special Supplemental Food
Program for Women, Infants, and Children (WIC), Whitaker (2004) found
a linear association between maternal BMI (in the first trimester) and the
odds of overweight in 2-, 3-, and 4-year-old children. A second study in
Denmark found a direct association between maternal BMI and offspring
BMI and also reported the strengthening of this association with increasing
offspring age into adulthood (Schack-Nielsen et al., 2005).

A study of men and women in China suggests that, after adjustment for
offspring BMI, lower maternal BMI was associated with increased glucose,
increased insulin, and increased low-density lipoprotein (bad cholesterol)
levels in the offspring (Mi et al., 2000). It is important to note that, in this
study, maternal BMI was measured at 15 weeks gestation and is low com-
pared with current U.S. BMI levels.

A study of about 3,000 adult men with data from birth in Finland
found an indirect association between size at birth and cardiovascular dis-
ease mortality (Forsen et al., 1997). Offspring of mothers who had higher
BMI at the end of their pregnancies were at elevated risk for cardiovascular
disease. This association was limited to mothers who were below average
height in the population. The authors conclude that since height is an

 
 

 



MATERNAL WEIGHT, GESTATIONAL GAIN, AND CHILDREN’S HEALTH 59

indicator of early life nutrition, a mother who was undernourished in early
life but then became overnourished in later life confers elevated cardiovas-
cular disease risk for her offspring. However, these risks were not adjusted
for offspring BMI, so it is not clear whether they were mediated through
higher obesity in the offspring or an independent association of maternal
BMI on child cardiovascular disease risk.

In summary, a linear relationship exists between maternal weight and
child weight. This relationship is in part mediated through fetal growth,
may become stronger with increasing offspring age, and certainly reflects
shared genes and behaviors between mother and child but also perhaps
demonstrates a persistent effect of the fetal intrauterine environment. There
is limited information about child health outcomes other than weight in
relation to maternal weight.

Gestational Weight Gain

Very few published studies examine gestational weight gain and child
outcomes. Studies that have included gestational weight gain use it as a
covariate but not as a primary predictor, so it is not clear that interactions
and associations were completely explored.

Fisch et al. (1975) suggest an association between gestational weight
gain and child weight. Data from the Collaborative Perinatal Project
showed that mothers of babies who were above the 95th percentile (weight
for height) at birth had a higher mean gestational weight gain than moth-
ers of babies who were below the 5th percentile (weight for height) at
birth. These associations persisted into childhood, although they were less
strong and no longer statistically significant (not adjusted for maternal
weight, birth weight, or any other factors). Another study, using data from
a different subpopulation of the Collaborative Perinatal Project, reported
that the association of gestational weight gain with child weight was null
(Stettler et al., 2000).

The Danish cohort study discussed earlier reported a linear association
of maternal gestational weight gain with offspring BMI that appears to be
fairly consistent across ages (Schack-Nielsen et al., 2005). It is also associ-
ated with child gender, fetal growth, maternal age, sociodemographics and
smoking. The authors report that they saw no interaction between maternal
prepregnancy BMI and gestational weight gain. In a larger study of Israelis
who were born in the 1970s, Seidman et al. (1996) indicated higher gesta-
tional weight gain was associated with an elevated odds ratio of offspring
overweight. A study of over 1,000 children in Italy born in the 1970s and
early 1980s found no association between gestational weight gain and child
weight, although gestational weight gain was assessed retrospectively and
by recall only (Maffeis et al., 1994). This is the only study to show an
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inverse association of gestational weight gain with BMI and percentage
body fat.

A more recent study by Whitaker (2004) with a large population of
children enrolled in the WIC program shows no obvious linear association
of gestational weight gain with child overweight risk, and in fact suggests a
J shape with a higher risk in the first quartile, lower in the second, and then
perhaps increasing. Gestational weight gain here was obtained from birth
certificates and was reported as net weight gain, not total weight gain, and
was adjusted for maternal but not paternal BMI, smoking, sociodemo-
graphics, and fetal growth. The authors reported no interaction between
BMI and gestational weight gain.

Oken described initial data analyzed from Project Viva, a long-term
pregnancy and child cohort study with information on over 1,000 children,
followed to age 3. In the study, maternal and child weight are very similar
to current national estimates. These data suggest a linear association be-
tween maternal gestational weight gain and the risk of child overweight at
age 3, child BMI score, and the sum of subscapular and triceps skinfolds.
There was no association between gestational weight gain and the ratio of
subscapular to triceps skinfolds, which is a measure of central obesity.
Increased gestational weight gain was also associated with increase of sys-
tolic blood pressure, adjusted for maternal prepregnancy BMI, smoking,
race/ethnicity, income, marital status, glucose tolerance during pregnancy,
paternal BMI, child gender, gestation length, and breastfeeding duration.
Final adjustment estimates remain statistically meaningful, suggesting that
gestational weight gain has an independent effect on child overweight and
child BMI at age 3. Looking at maternal weight gain (using IOM catego-
ries), compared with mothers who gained inadequate weight, mothers who
gained both adequate and excessive weight had similar elevations in the
child’s BMI score.

Finally, Oken described one study that suggests the relationship be-
tween maternal gestational weight gain and child overweight risk seems to
vary within different categories of maternal prepregnancy weight; it as-
sumes a J shape among underweight mothers, a U shape among mothers
with gestational weight gain less than 45 lbs., and a linear pattern at the
highest weight gains (personal communication, A.J. Sharma, Centers for
Disease Control and Prevention). The lowest risk of child overweight was
seen in mothers who were underweight before pregnancy and gained less
than 45 lbs. and the highest absolute risk of overweight was seen in mothers
who were obese before pregnancy and gained 30 lbs. or more.

Research Needs

Potential areas for future research include studies to examine cohorts
using the recommended IOM prepregnancy BMI categories and gestational
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weight gain, measures of body fat distribution and disease risk as well as
just BMI, and longer follow-up of infants born in this current era of obesity.
One way of overcoming the limitations of the observational studies would
be to follow children whose mothers were enrolled in trials targeting gesta-
tional weight gain, to see whether those children whose mothers receive
interventions to reduce their gestational weight gain have lower attained
weight. Nearly all of the data presented here are from developed popula-
tions, with no real presence of nutritionally compromised populations and
few minorities. Finally, there is little direct information about mechanisms
by which weight and weight gain might influence offspring weight, al-
though it is possible to extrapolate from studies of gestational diabetes and
also from animal studies. Some animal models that might be informative
include experimental induction of gestational diabetes in rats, injection of
insulin or glucocorticoids into the pregnant mother to examine effects on
offspring, and neonatal overfeeding of rats.

Summary of Long-Term Infant and Child Health Outcomes

In summary, Oken’s review of the literature suggests a direct associa-
tion of maternal weight and gestational weight gain with offspring over-
weight, but some exceptions to these findings deserve notice. The associa-
tions seem to be in part mediated through fetal growth. The shape of the
association varies among women with differing profiles of prepregnancy
weight and gestational weight gain, so it is not entirely clear, and not many
studies have sufficient data to look at the broad range of gestational weight
gain. The interaction between maternal BMI and gestational weight gain is
not consistent across published studies. However, many of these data come
from previous generations with different prevalence of obesity and gesta-
tional weight gain; many were not adjusted for important potential co-
variates and pathway variables, and all of them are observational studies.

SUMMARY

In summary, maternal BMI and gestational weight gain are higher than
in the past. These trends are associated with the increasing prevalence of
macrosomia (large-for-gestational-age) infants as well as decreasing rates of
small-for-gestational-age infants. Low prepregnancy BMI and inadequate
gestational weight gain, in combination, are associated with preterm birth,
but maternal BMI is also independently related. A few studies describe the
relationship of gestational weight gain and infant body composition. Ma-
ternal BMI and gestational weight gain have been shown to predict fat mass
and percentage fat in newborns and maternal BMI and gestational weight
gain can also predict infant lean body mass. It is unknown what body
composition in the newborn predicts for the child weight composition in
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the long term. It is also unknown if maternal fat gain, not just gestational
weight gain, predicts child health outcomes.

In long-term child outcomes, the literature suggests that both BMI and
gestational weight gain independently predict risk of overweight in chil-
dren. There are limited data on obesity-related physiological or morbid
outcomes, such as metabolic and cardiovascular risk factors.

Research is limited on body composition, which is difficult to measure
in a clinical setting. In addition, the role of the placenta may give insight
into the complex mechanism and relationship between maternal weight and
child health outcomes. In studying complex interactions among maternal
weight, gestational weight gain, and infant and child health outcomes,
investigations need to use statistical models that build on conceptual theo-
ries. There is a compelling need to examine these relationships in a more
diverse population.4

Finally, these findings need to be interpreted and referenced through
the application of a theoretical model that can lend both coherence and
additional research. A life-course approach to chronic diseases offers im-
portant promise. This intervention framework includes prenatal, postnatal,
biological, environmental, and behavioral characteristics that may occur at
many dynamic stages of the mother’s and her child’s lives. It also incorpo-
rates different causal models, including the critical (or sensitive period)
model, as well as an accumulation of risk model. In addition, investigations
need to consider the relative merits of a public health approach compared
with individualized approaches in addressing weight gain and body compo-
sition before, during, and after pregnancy.
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6
Promoting Appropriate Maternal Weight

During and After Pregnancy

Workshop participants focused explicitly on insights from inter-
ventions to promote appropriate maternal weight during preg-
nancy and postpartum. Such interventions include individual

approaches to change behaviors related to appropriate weight, psychoso-
cial factors that affect weight, community approaches to promote weight
management, and practices and policies for clinicians and health systems.
The presenters focused their review on interventions to control excessive
gestational weight gain. This focus is a reflection of the recent research
efforts in this area. In addition to the presentations on determinants of
gestational weight gain summarized in Chapter 3, the approaches described
in this chapter may help guide Title V maternal and child health programs
to assist women of childbearing age to achieve and maintain recommended
weight before, during, and after pregnancy.

INDIVIDUAL APPROACHES

Rena Wing presented an overview of strategies to encourage appropri-
ate weight gain during pregnancy. The key times for intervention efforts are
during pregnancy, to prevent excessive weight gain during pregnancy, and
the postpartum period.

Researchers and practitioners know a great deal about weight manage-
ment: in order to change their weight, people need to change their energy
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balance through a combination of caloric restriction and physical activity.
Physical activity, although very important for the maintenance of weight
loss, actually has a smaller impact on actual production of weight loss. In
studies looking at the role of physical activity alone or in combination with
diet, physical activity is responsible for only a 2 to 4 lbs. weight change. To
lose weight, many individuals need help to change their behaviors, by using
such techniques as goal-setting, receiving feedback on the changes, self-
monitoring or writing down information, stimulus control (changing the
environment they live in), and problem solving. Merely educating individu-
als about how much to eat and how much to exercise is not sufficient.

Energy Balance Behavior Studies

During Pregnancy

Olson and Strawderman (2003) surveyed 458 pregnant women and
asked about changes in their diet and exercise behaviors during their preg-
nancy. This prospective cohort study followed women from early preg-
nancy until two years postpartum. Of these women, 41 percent exceeded
the 1990 Institute of Medicine (IOM) recommendations for weight gain.
Individuals who reported eating much more food during pregnancy than
before had a more than twofold risk of exceeding the weight recommenda-
tions, and those who reported less physical activity than before pregnancy
had a 1.75 relative risk of exceeding the IOM recommendations.

In the study of Icelandic women by Olafsdottir et al. (2006), 34 percent
of the women exceeded the IOM recommendations. One of the strongest
predictors of doing so was their self-reported caloric intake; women who
exceeded IOM recommendations reported consuming 2,186 calories per
day, about 300 calories more per day than those with optimal gestational
weight gain. This study also reported that increased intake of sugar and fat
was related to increased risk of excessive gestational weight gain.

Postpartum

Several studies found that caloric intake and caloric expenditure are
related to postpartum weight retention. In Olson and Strawderman’s data
(2003), 25 percent of the women retained 10 lbs. or more. Individuals who
reported increasing food intake during the second 6 months had a more
than threefold risk of greater weight retention at the end of the year, and
those who reported exercising often actually had a decreased risk of high
postpartum weight retention. These studies suggest that the key behaviors
to focus on both during pregnancy and afterward are eating and physical
activity behaviors that have an impact on energy balance.
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Intervention Studies

During Pregnancy

Polley et al. (2002) conducted a randomized control trial to prevent
excessive gestational weight gain with 120 women with low-risk pregnan-
cies. The women were enrolled at less than 20 weeks gestation, with body
mass index (BMI) greater than 19.8. The control group received the usual
care during their pregnancy, while the intervention group received written
and oral information about appropriate gestational weight gain, exercise,
and healthy eating during pregnancy. They received biweekly newsletters
emphasizing these three messages. Both the control and intervention groups
include black (39 percent) and non-Hispanic white (61 percent) women
who were considered of normal weight (54 percent) or overweight or obese
(46 percent). All women in the intervention received goal-setting assistance
and feedback. If women continued to exceed the gestational weight gain
goal, they received either face-to-face counseling at their clinic visits or
phone-based counseling. They also received increasingly structured behav-
ioral goals, both for physical activity and for diet. The study was statisti-
cally effective for the normal-weight women; in the control group, 58 per-
cent of the women exceeded the IOM recommendations versus 33 percent
in the intervention group. In the overweight group, there was no statisti-
cally significant difference.

This intervention during pregnancy showed effectiveness at preventing
excessive weight gain in normal-weight women. There was a strong corre-
lation between weight gain during pregnancy and weight retention 1-year
postpartum in normal-weight women, arguing for interventions during the
pregnancy period to prevent weight retention 1-year postpartum.

There are advantages and disadvantages to intervening during preg-
nancy. One major advantage of intervening at this time is that excessive
weight gain during pregnancy is one of the strongest predictors of subse-
quent obesity and problems with postpartum weight retention. The major
disadvantage to intervening at this time involves psychological concerns
about the mother as well as concerns about the developing baby. Interven-
tions to control weight during pregnancy must avoid any potential for harm
to the fetus.

Postpartum

Another strategy is to intervene in the postpartum period, allowing the
woman to gain what she wants and then dealing with it later. Leermakers et
al. (1998) performed a small study of reducing postpartum weight reten-
tion. The researchers developed a correspondence intervention targeted at
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women (97 percent non-Hispanic white) who had delivered within the past
3 to 7 months and who were exceeding their prepregnancy weight by 15
lbs. with a BMI greater than 22 (on average they were exceeding by 27 lbs.).

The women were randomly assigned to a 6-month behavioral treat-
ment through correspondence or a no-treatment control. The correspon-
dence program began with two face-to-face group meetings and continued
with 16 weeks of correspondence intervention: behavioral lessons were sent
to the women, they completed homework, and they received telephone
contact to reinforce progress. The women also followed a 1,000 to 1,500
calorie/day diet. They were encouraged to be physically active and to in-
crease their activity by walking two miles a day five days a week. The no-
treatment control group received only informational brochures.

On average the women in the correspondence group lost 17 lbs. over
the 6 months compared with 10 lbs. in the control group, a statistically
significant difference. About a third of the women in the intervention group
returned to their prepregnancy weight, compared with about 11 percent of
the controls.

Intervening during the postpartum period can be intensive and involve
strict diet and more physical activity. This is an advantage that interven-
tions during pregnancy do not have. There are generally fewer concerns
about safety, especially for the child. A disadvantage of postpartum inter-
ventions is that it is clearly a burden for new mothers; there was a 31
percent attrition rate in the Leermakers et al. (1998) study. In another study
of postpartum weight retention interventions (e.g., O’Toole et al., 2003),
only 23 of the 40 women finished the program.

Summary of Individual Approaches

Wing observed that opportunities for interventions exist before preg-
nancy, during pregnancy, and postpartum, although the literature reviewed
included only interventions during pregnancy and postpartum. Setting goals
for weight, eating, and activity in addition to feedback for meeting these
goals are key components of this type of intervention. Exercise alone and
changing the quality of the diet alone do not show an effect of weight loss
postpartum.

PSYCHOSOCIAL APPROACHES

Lorraine Walker presented research on psychosocial factors that could
affect appropriate weight during pregnancy and postpartum. According to
Kramer et al. (2000), psychosocial variables may be mediators of psychoso-
cial disparities in a society, and they may also be antecedents of pathways
for changes in physical activity and diet. Although many psychosocial fac-
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tors may play a role in gestational weight gain, four seem especially impor-
tant: stress, social support, depression, and attitude. Another factor, infant
feeding practices (reviewed in Chapter 4), includes duration of breastfeeding
and postpartum weight retention. The literature in these areas is predomi-
nantly observational research, often exploratory, rather than theory- or
hypothesis-driven.

Psychosocial Factors During Pregnancy

Stress

High stress can have an adverse effect on gestational weight gain, either
through behavioral pathways that often are not fully specified or biological
pathways leading to inadequate or excessive gestational weight gain. The
relationship between stress and BMI is curvilinear, not linear. The literature
suggests that stress has different kinds of effects depending on a person’s
response, an effect also seen with respect to depression. For stress in rela-
tion to gestational weight gain, the findings are mixed; different subgroups
had positive, negative, or no effects. A few studies indicated that stress was
associated with lower gestational weight gain (Brawarsky et al., 2005;
Campbell et al., 1999; DiPietro et al., 2003; Hickey et al., 1995; Johnson et
al., 2002; Orr et al., 1996; Parker et al., 1994; Picone et al., 1982; Siega-Riz
and Hobel, 1997; Stevens-Simon and McAnarney, 1992, 1994; Wells et al.,
2006). Stress in these studies includes stressful life events, chronic stress,
hassles, or perceived stress in addition to physical or sexual abuse during
pregnancy. The lack of consensus on the stress measures challenges compa-
rability of the studies.

Social Support

Social support is typically seen as having a beneficial effect, although
the behavioral or biological pathways are not clearly articulated. Social
support may have a buffering effect, in that it may cancel the effects of
stress on gestational weight gain. However, studies on social support show
mixed results, depending on the analysis (DiPietro et al., 2003; Hickey et
al., 1995; Olson and Strawderman, 2003; Siega-Riz and Hobel, 1997;
Stevens-Simon and McAnarney, 1992). Social support was measured in a
variety of ways, including total support, partner support, emotional sup-
port, financial support, and network size. None of these studies looked at
the possible interaction of social support and stress, although an early study
done by Nuckolls et al. (1972) found that women with high stress and low
social support had less favorable pregnancy outcomes.
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Depression

Maternal depression is usually assessed by an interview administered
by a health professional using diagnostic criteria. Most epidemiological
studies use a questionnaire that has a cutoff score, such as the Edinburgh
Postnatal Depression Scale or the Center for Epidemiologic Studies Depres-
sion Scale. Depression is hypothesized to have an adverse effect on gesta-
tional weight gain through behavioral or biological pathways, which may
lead either to inadequate or excessive gestational weight gain.

About half of the studies looking at a relationship between depression
and pregnancy outcomes reported no effect; the remainder indicated mixed
effects for subgroups or different associations between high and low gesta-
tional weight gain (Brawarsky et al., 2005; DiPietro et al., 2003; Hickey et
al., 1995; Siega-Riz and Hobel, 1997; Stevens-Simon and McAnarnery,
1992; Walker and Kim, 2002; Zuckerman et al., 1989). None of the studies
looked at the curvilinear relationship between depression and gestational
weight gain.

Attitudes

Attitudes are another factor that has been studied in relation to gesta-
tional weight gain. Attitudes may relate to either an increase or a decrease
in health-promoting or health risk behaviors and may lead to excessive or
inadequate gestational weight gain. These factors include attitudes toward
pregnancy or weight gain during pregnancy, self-efficacy, motherhood, and
career. The results of these studies on attitudes affecting gestational weight
gain are mixed; the effects may be seen in one subgroup but not in another
(Copper et al., 1995; DiPietro et al., 2003; Olson and Strawderman, 2003;
Palmer et al., 1985; Stevens-Simon et al., 1993). One study found that more
positive attitudes were related to higher gestational weight gain, but further
testing on a more diverse sample showed that negative attitudes toward
gestational weight gain were related to more weight gain as well. A critical
shortcoming in this area is measurement.

Potential Sources of Information

Data available in some state service models (e.g., California, Colorado)
are potential sources of information on the efficacy of psychosocial inter-
ventions on promoting appropriate gestational weight gain (Ricketts et al.,
2005; Zimmer-Gembeck and Helfand, 1996). In these models, the research-
ers examined whether or not someone has actually received a psychosocial
intervention, whether or not that psychosocial problem has been resolved,
and the outcome. Many of those studies may not have gestational weight
gain as one of their outcomes.
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Psychosocial Factors and Postpartum Weight Retention

The relationship of psychosocial factors and postpartum weight reten-
tion was studied. Studies on psychosocial factors and postpartum weight
retention are limited to exploratory (rather than theory-driven), primarily
observational, studies. Four studies have addressed the area of stress, social
support, depression, and their relationship to postpartum weight retention
(Walker, 1996, 1997; Walker and Freeland-Graves, 1998; Walker et al.,
2004). The studies found no support for the relationship between stress and
a high retained weight postpartum. There was some evidence of a relation-
ship between social support and a decrease in retained weight postpartum.
The data were split (one study finding a relationship of high retained weight
and one finding no effect) regarding the relationship of depressive symp-
toms and retained weight. In addition, four studies have addressed the
effect of attitudes on postpartum weight retention (Walker, 1996; Walker
and Grobe, 1999; Walker and Freeland-Graves, 1998; Walker et al., 2004).
The attitude variables included weight-related distress (an attitude of dis-
satisfaction toward one’s body image), the pros and cons of weight loss,
and the locus of control. Looking at these studies, locus of control was
unrelated to postpartum weight retention, and weight-related distress was
positively related to a higher gestational weight gain.

Summary of Psychosocial Approaches

Although the evidence on how psychosocial factors relate to weight
both during pregnancy and postpartum is inconsistent, the impact of psy-
chosocial factors may be underestimated because of measurement and data
analytic issues. Future research could provide a better foundation for exam-
ining psychosocial factors, with model-driven tests of the impact of psycho-
social factors on gestational weight gain and postpartum weight retention,
which could build in some of the behavioral components.

COMMUNITY APPROACHES

Christine Olson presented data from a few studies on the effects of
community or multilevel interventions to promote appropriate weight dur-
ing pregnancy and postpartum. Peterson et al. (2002) describe important
features of community interventions addressing multiple levels of influ-
ence on diet, physical activity, and weight loss in postpartum women.
Their design included a sustained, multiple-component intervention with
home visits by a mentor, who targets awareness of weight issues and nu-
trition, motivation, skill building, and building social support; group
classes that reinforce the project messages by teaching and demonstrating
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some skills as well as fostering social interactions; and telephone counsel-
ing. Only two studies are available to provide insight into the effects of
these interventions.1

Intervention Studies

The first published community intervention study (Gray-Donald et al.,
2000) focused on reducing weight gain in pregnancy as a way to prevent
gestational diabetes in indigenous communities in Canada. This prospective
study, with an 8-month control period followed by a 9-month intervention
period, was implemented in four Cree communities in Quebec. The inter-
vention was offered by nutritionists and native health workers. Its design
was based on social learning theory and included modeling of the behavior
change, skill training, contracting, and self-monitoring. The types of activi-
ties the investigators carried out in the community include radio broad-
casts, information pamphlets, supermarket tours and cooking demonstra-
tions, exercise walking groups, and individualized nutrition counseling.

The study results indicated no statistically significant differences be-
tween the control and intervention groups in such outcomes as weight gain
during pregnancy, plasma glucose, and weight and weight retention at 6
weeks postpartum. The results of this study could be confounded with
cultural norms of Cree communities; physical activity is not considered
appropriate during pregnancy, and being plump is normal.

The second intervention study, Staying in the Range, sought to decrease
weight retention at 1-year postpartum by promoting appropriate gesta-
tional weight gain in a health care system in Cooperstown, New York
(Olson et al., 2004). The goal was to decrease (by 50 percent) the propor-
tion of normal and overweight BMI women who exceeded the upper limit
of the 1990 IOM gestational weight gain recommendations (Institute of
Medicine, 1990). This prospective cohort study included a historical con-
trol group from an observational study with usual care in pregnancy and an
intervention group. The intervention group was followed from early preg-
nancy through a postpartum period with measures of gestational weight
gain and weight retained at 1-year postpartum. The design of the interven-
tion included health care providers monitoring weight gain using adapted
IOM gestational weight gain grids. The pregnant women received five mo-
tivational action-promoting newsletters and postcards focusing on their
gestational weight gain, diet, and physical activity, and they also received a

1Although not presented at the workshop, it is important to note that some promising
techniques and tools are emerging that offer potential components for future evidence-based
intervention studies.
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health checkbook for goal-setting and self-monitoring. The process evalua-
tion indicated most women engaged with the postcards, setting appropriate
gestational weight gain goals.

Based on the data collected, the intervention had a statistically signifi-
cant effect on decreasing excessive gestational weight gain in the low-income
women only. A three-way interaction among income, treatment, and BMI
was found on postpartum weight retention. In addition, reduced weight
retention was seen at 1-year postpartum for the overweight low-income
women.

HEALTH SYSTEM APPROACHES

Laura Riley highlighted factors of health care and of the health care
system that could promote or hinder the compliance of recommended ges-
tational weight guidelines prior to, during, and after pregnancy. There is
scant literature on this topic. Riley focused on the recommended practices
and policies that are available for clinicians in promoting appropriate weight
prior to, during, and after pregnancy. She closed her presentation with
personal clinical experiences.

Guidelines

American College of Obstetrics and Gynecology Guidelines

The American College of Obstetrics and Gynecology (ACOG) issues
short committee reports with specific recommendations as well as the un-
derlying science and data. Reports from the OB Practice Group and the
GYN Practice Group give guidelines on addressing obesity in pregnancy for
obstetricians, gynecologists, and other health professionals or paraprofes-
sionals, and highlight the role of the obstetrician and gynecologist in the
assessment and management of obesity.

The OB Practice Group (American College of Obstetricians and Gyne-
cologists, 2005) presented a strong argument that obstetricians should pro-
vide preconception counseling and education about the complications that
may be faced by obese patients and encourage these patients to undertake a
weight reduction program before attempting pregnancy. Suggestions in-
clude recording patients’ height and weight; offering nutrition counseling;
and screening for gestational diabetes earlier in pregnancy than the stan-
dard 28 weeks gestation.

Other parts of the ACOG guidelines include anesthesia consultation,
which is important for obese women, who have higher rates of cesarean
delivery and other complications. The report also includes discussion on
antibiotic prophylaxis; postoperative complications specific to the obese
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population; and fetal monitoring challenges. Finally, since more women are
having bariatric surgery prior to pregnancy, ACOG guides obstetricians on
the differences in their pregnancies.

Another ACOG report, issued by the GYN Practice Group, is equally
important for the topic of this workshop. The GYN Practice Group is-
sued guidelines on the assessment and management of obesity in nonpreg-
nant women, which is important to clinicians who provide preconception
care (American College of Obstetricians and Gynecologists Committee on
Gynecologic Practice, 2005). It stresses calculating BMI and then offering
overweight patients appropriate interventions or referrals to promote
healthy weight and lifestyle. The report also provided information about
patients who may benefit from pharmacotherapy or for whom a consul-
tation about surgery should be considered.

Another ACOG committee on adolescent health care has decided to
review issues specific to overweight adolescents. They are pulling together
data concerning prevention, treatment, and obstetric as well as gynecologi-
cal implications. This will provide preconception information for young
women as well as for those who experience unintended pregnancies.

The Guidelines for Perinatal Care (5th edition) addresses some of the
issues with obesity and includes the IOM recommendations for weight gain
during pregnancy (American Academy of Pediatrics and American College
of Obstetricians and Gynecologists, 2002). The 6th edition will include an
expanded discussion about appropriate weight gain and the potential impli-
cations of obesity in pregnancy. Guidelines for Women’s Health Care (2nd
edition) includes a discussion about weight gain, healthy lifestyle, and
healthy eating (American College of Obstetricians and Gynecologists, 2002).

Guidelines from Other Groups

Other professional organizations are providing similar guidance. The
American Academy for Family Physicians does not have specific documents
similar to the ACOG committee reports; however, its web site provides
information for members about screening and advises physicians to screen
all adult patients for obesity and to offer intensive counseling and behav-
ioral interventions to promote sustained weight loss for obese adults.

The American College of Midwives expresses interest in the topic.
Although they do not currently have resources to produce their own docu-
ment, they encourage the use of the IOM recommendations and reprint
them in various places. They have conducted two major educational series
that included the topic of obesity through lectures at their annual meetings,
one of which was published in their journal.
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Evaluation of Guidelines

Do these professional efforts make a difference in terms of how provid-
ers treat their patients? ACOG administered a survey to a random sample
of practitioners one year before its committee reports were issued (prior to
2004) to test practitioner knowledge about obesity, as well as to determine
practice patterns before the committee reports were released. A second,
one-year postcommittee opinion survey has been distributed, but data are
not yet available.

The Massachusetts General Hospital Experience

Following the OB Practice Group’s report on obesity in pregnancy,
Riley investigated the obstetrician patient population of Massachusetts
General Hospital. Although the ACOG reports target individual practice,
large health care systems can also change their practice based on these
guidelines. A preliminary review of 3,500 obstetric patients through elec-
tronic medical records revealed that 40 percent of the patient population
was overweight or obese at the time of their first prenatal visit. Hispanic
and black women had the highest rates of obesity and overweight. A total
of 54 percent of the population was overweight or had obesity at their
postpartum visit, which is generally 6 to 8 weeks postpartum. About 25
percent of women gained more than 35 lbs. during their pregnancy.

All providers received a paper about the impact of obesity on health
that focused on pregnancy and issues surrounding childbirth, including
both maternal and fetal complications. This information was most helpful
to the nurses, who do a fair amount of patient education. Massachusetts
General is planning to conduct focus groups to learn more about obesity
and pregnancy. They want to understand the relevance to the clinicians’
practice, how to understand the patients’ perception of the problem, what
interventions would work best in each particular group, and how to sup-
port patients as well as clinicians.

From a practice perspective, a number of practical considerations arise
in moving toward implementation of the ACOG recommendations. Con-
cerns include availability and cost of nutrition counseling; the number of
obese women who will seek preconception counseling; and payment for
preconception counseling. The practice pattern of internal medicine physi-
cians concerning preconception counseling for obese women needs to be
understood. Finally, there is a need for more research on the effectiveness of
intervention efforts for this specific population.
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SUMMARY

Interventions to promote appropriate weight during pregnancy and
postpartum include individual (behavior), psychosocial, community, and
health care and health care system approaches. Studies on the design or
impact of interventions delivered before pregnancy to promote appropriate
weight gain during pregnancy are not available. The presenters focused
their review on interventions to control excessive gestational weight gain,
consistent with recent research efforts in this area.

Individual approaches to change behavior are based on achieving an
energy balance between diet and physical exercise. Studies have focused on
interventions to limit excess weight gain during pregnancy and weight re-
tention in the postpartum period. Behavioral strategies include goal-setting,
feedback, self-monitoring, stimulus control, and problem solving. Psycho-
social factors may affect appropriate weight during pregnancy and postpar-
tum as well. These factors include stress, social support, depression, atti-
tudes, and infant feeding practices. The studies that investigate the effect of
these factors on pregnancy-related weight are inconsistent in their findings;
all are observational studies with methodological problems that make it
difficult to interpret them.

A community-based intervention is based on a multilevel sustained
approach to promote appropriate gestational weight gain and reduce post-
partum weight retention. The study design can include home visits, social
support, group classes, goal-setting, skill training, self-monitoring, and feed-
back. Compared with individualized approaches, community-based pro-
grams may be a less expensive approach with low clinician burden. Finally,
no studies exist on clinician or health care and health care system–based
interventions to improve pregnancy-related weight gain. Practice guidelines
available for obstetricians and gynecologists include assessment and man-
agement of obesity and pregnancy, as well as interventions for women with
a history of bariatric surgery. However, the guidelines are not likely to be
implemented in isolation; evidence on the effectiveness of behavioral inter-
ventions suggests that behavioral modification components will be nec-
essary to add to the guidelines so that health providers can offer more
comprehensive or additional support to women during prepregnancy and
perinatal periods.

It is important that approaches to achieve and maintain recommended
weight before, during, after, and between pregnancies are investigated. The
appropriate approach may vary by subgroup. Studies on interactions of
variables, prepregnancy BMI and gestational weight gain, race/ethnicity
and gestational weight gain, and socioeconomic status and gestational
weight gain are needed. A combination of these approaches, at the indi-
vidual and the environmental levels, may be required for women to achieve
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and maintain recommended weight before, during, and after pregnancy.
Indeed, integration of weight management into a healthy lifestyle is a criti-
cal goal.

In addition to these approaches (individual, psychosocial, community,
and clinician and health system), the presentations on determinants of ges-
tational weight gain in Chapter 3 offer insight for Title V maternal and
child health programs to help women of childbearing age to achieve and
maintain recommended weight before, during, and after pregnancy.
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7
Emerging Themes

This report provides brief overviews of the workshop speakers’ pre-
sentations and related deliberations and concludes with a set of
emerging cross-cutting themes both for researchers interested in

interdisciplinary work in this area and for those who are involved in devel-
oping strategies to promote appropriate weight before, during, and after
pregnancy. The report should be viewed as only a first step in exploring
opportunities to develop a synthesis of diverse research and applying this
knowledge to promote appropriate weight in women of childbearing age,
and it is confined to the material presented by the workshop speakers and
participants. Neither the workshop nor this report is intended as a compre-
hensive review of what is known about maternal weight and gestational
weight gain and maternal and child health outcomes, although it is a gen-
eral reflection of the literature. Many additional contributors of gestational
weight gain and health outcomes were not addressed in the limited time
available for the workshop. A more comprehensive review and synthesis of
relevant research knowledge will have to wait for further development.

Building from the initial presentations and deliberations, the committee
has highlighted certain themes that are described below to help strengthen
the direction and quality of future studies. One theme that arose early in the
workshop was that the 1990 report of the Institute of Medicine (IOM),
Nutrition During Pregnancy, was written at a time when concern was
focused on insufficient gestational weight gain and concerns about low
birth weight. In the intervening years, the larger context has shifted in light
of increasing rates of obesity to create concern about too much weight gain
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during pregnancy and subsequent retention of weight, which may contrib-
ute to increasing obesity postpartum. The committee did not attempt to
develop conclusions or recommendations in this activity. Given the wide
range of methodological differences in the relevant research literature, a
more extensive effort would be necessary to develop a critical review and
analysis of evidence-based findings.

GESTATIONAL WEIGHT GAIN AND BIRTH WEIGHT

Gestational weight gain is an important variable of interest that has
been studied extensively but deserves further attention. Gestational weight
gain has three components: (1) the products of conception—that is, the
fetus, the placenta, and the amniotic fluid; (2) the fluids in the extra tissue
gained by the mother to support the pregnancy; and (3) maternal reserves.
Roughly 70 percent consists of the pregnancy components and 30 percent is
thought to be attributed to maternal stores. The largest component of
gestational weight gain is water, followed by fat (the most variable of all of
the components in the literature), and finally protein.

Patrick Catalano described the pattern of gestational weight gain, which
is curved during the first two trimesters and then appears to be linear in the
last trimester. Longitudinal studies of changes in fat mass show that as lean
women (prepregnancy percentage of body fat of less than 25 percent) go
through pregnancy, they tend to gain more fat compared with women who
are obese (prepregnancy percentage body fat greater than 25 percent).

The IOM recommendations for weight gain in pregnancy reflect the
curve of normal weight gain: very low at 0 to 10 weeks, 7 lbs. at 10 to 20
weeks, 10 lbs. at 20 to 30 weeks (this is when fat is accruing in the mother),
and by 30 to 40 weeks the pace of weight gain should slow down. Accord-
ing to the average fetal growth curve, until about 28 weeks (the beginning
of the third trimester), the average fetus weighs about 2 lbs. From 28 weeks
until term, there is a 5.5 lbs. increase in weight that reflects fetal growth.
Taken together, about 7.7 lbs. of weight in late pregnancy is related to the
fetus, placenta, and amniotic fluid, not specifically maternal weight.

Past efforts to advise women on weight for pregnancy (before, during,
and after) have focused little attention on maternal obesity. Most of the
concern has addressed low birth weight deliveries in addition to other
maternal and infant outcomes. However, a large increase in birth weight,
concomitant with the increase in maternal weight over the last decade, is
contributing to a shift in thinking about weight gain patterns and risks. It is
important to note that measurement of birth weight is a proxy for several
key indicators, including fetal growth and length of gestation. Low birth
weight has additional causes other than gestational weight gain.
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GUIDANCE FOR MATERNAL WEIGHT AND
GESTATIONAL WEIGHT GAIN

The pregnancy weight recommendations of Nutrition During Preg-
nancy, the 1990 IOM report, were a frequent target of comment and dis-
cussion throughout the workshop. Other recommendations for pregnancy-
related health were also noted, including guidance from the National Heart,
Lung, and Blood Institute (NHLBI), the Maternal and Child Health Bu-
reau, and the Centers for Disease Control and Prevention growth charts for
adolescents. However, the prominence of the IOM recommendations in the
work of the presenters and discussants was apparent. Of main concern
were the need to reconcile different body mass index (BMI) categories
(IOM versus NHLBI), the utility of and compliance with the IOM recom-
mendations, and possible modifications to them.

BMI Categories

For different reasons, many speakers and discussants articulated the
need to harmonize the BMI categories established by the IOM report,
NHLBI, and others. The discrepancies were noted as challenges for both
research (especially meta-analyses and cross-study comparisons) and
clinical practice. The different BMI categories were also seen as a chal-
lenge to outreach efforts, as an apparent undermining of public confi-
dence in the research and clinical community if apparently conflicting ad-
vice is disseminated.

Utility of and Compliance with IOM Recommendations

All speakers who presented data on weight gain patterns in reference to
the IOM recommendations noted that only about one-third of women
gained within the specified ranges during pregnancy; all others gained more
or less weight than is recommended. It was not clear whether women
reaching the recommended weight gain targets did so consciously or not,
further raising questions about compliance (a similar point could also be
made about missing the weight gain targets). Biologically, weight gain dur-
ing pregnancy in a healthy woman is highly variable. A number of com-
ments were made throughout the workshop about how to make the IOM
recommendations more useful to women and to practitioners. Examples
included further specification of special populations (obese, adolescents,
other racial/ethnic groups) in terms of both target weight and BMI. Effec-
tive intervention methods are not understood.
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The IOM Recommendations

Many comments were made about the need for further specification or
modification of the existing IOM recommendations. The most commonly
expressed view was that the recommendations needed to be updated, spe-
cifically for obese women and adolescents. This view was based on the
history of the recommendations themselves, which were derived from re-
search published before 1990 and did not consider the effect of weight gain
on maternal outcomes of pregnancy. Given the sociodemographic changes
seen in the population of pregnant women, many presenters indicated that
revisiting the recommendations seems warranted. This effort should strive
to link new recommendations directly to specific, and more diverse, preg-
nancy outcomes, especially since the incidence of low birth weight babies
seems to be of less concern now than when the IOM recommendations
emerged in 1990.

Several discussants also noted that more research is needed to investi-
gate establishing recommendations (BMI cut-points) for pregnancy that
reflect other health outcomes besides gestational weight gain and birth
weight. For example, other maternal health outcomes could include post-
partum weight retention, cardiovascular disease, and other metabolic is-
sues; other child health outcomes could include obesity-related consequences
(e.g., mental health, BMI, cardiovascular disease). There is a need to under-
stand the risks and to maximize the benefits for mother and child.

Many related comments were definitional in nature—for example,
clearly defining what components are included in gestational weight gain
and determining when baseline weight should be taken (especially for mul-
tiparous women). There was also some discussion about adding gestational
weight recommendations based on other indicators, such as abdominal
girth, which are becoming strong predictors of negative outcomes.

SPECIAL POPULATIONS

The need to consider important subgroups within the general popula-
tion emerged in several contexts. First, many studies show important inter-
actions between predictor variables (socioeconomic status and education)
and race/ethnicity, suggesting their importance generally but also under-
scoring implications for possible intervention efforts. When race/ethnicity
is considered in the literature, major groups are underrepresented, includ-
ing Asian, American Indian, and Hispanic groups. Similarly, the increasing
rate of obesity has led to the emergence of a relatively new, and growing,
group of women who are obese when they become pregnant. Finally, the
discussion frequently led to consideration of adolescent pregnancy. Each
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of these is discussed below. Collectively, this theme centered on the need to
provide more clarity, guidance, and interventions based on an individual’s
characteristics.

Diverse Racial/Ethnic Groups

Although researchers have become more likely to include racial/ethnic
minorities in their studies, the effects by race and ethnicity are not always
reported, and many studies do not conduct or report analyses looking for
interaction effects with race and ethnicity. Across the studies reviewed in
the course of the workshop, the influence of race and ethnicity is mixed,
although certain relationships seems to emerge that could be more clearly
communicated. For example, non-Hispanic black women retain more
weight postpartum than white women in all BMI categories. Finally, re-
search is emerging about cultural norms regarding pregnancy and weight
that are not yet well understood.

Adolescent Mothers

Current consideration of pregnancy in adolescence and what guidance
or interventions are appropriate for adolescent mothers with regard to
obesity risk may need to be revisited. For example, the 1990 IOM recom-
mendations suggest that very young adolescents gain up to the maximum of
the range for their BMI. However, relative to older mothers, postpartum
weight retention in young adolescents could be serious, as their lifetime
weight retention risk may be far greater. For example, during the discus-
sion, data presented about adolescent mothers suggested a relationship
between adolescent growth during pregnancy and higher gestational weight
gain and postpartum weight retention. In addition, many adolescent moth-
ers (especially younger adolescents) would be expected to be gaining weight
as part of typical development in the absence of a pregnancy. These biologi-
cal factors, coupled with psychological and sociodemographic characteris-
tics of adolescent mothers, make this a highly specialized population in
need of focused attention.

Obese and Morbidly Obese Women

As obesity has increased generally, so has its incidence among women
of childbearing age as well as among those who become pregnant. Obesity
in women can cause serious pregnancy-related complications, but it can
also be modified to improve birth outcomes. Additional attention is needed
for the population of obese women who become pregnant. Several speakers
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suggested that prepregnancy BMI is a possible target for promoting appro-
priate weight during pregnancy and postpartum. Concerns were raised
about reducing or controlling weight either before or during pregnancy
through weight cycling, intentional weight losses, and regains. A number of
practical issues also arise, especially for morbidly obese patients and those
who were morbidly obese but underwent bariatric surgery or similar proce-
dures before becoming pregnant. For example, medical practice and equip-
ment may need to be modified to accommodate very large women during
pregnancy and especially during delivery. Finally, obese women with a
range of medical conditions in addition to their pregnancy can face addi-
tional challenges in the management of their pregnancy.

Lactating and Nonlactating Women

In general, breastfeeding is typically encouraged, if not supported, post-
partum, for varying durations. However, lactation status is not a clear
variable in research on gestational weight gain. Data are limited on poten-
tial mediating or moderating effects of lactation on maternal postpartum
weight, as well as child outcomes.

THEORETICAL APPROACHES

Throughout the workshop discussion, participants offered a number of
theoretical frameworks, either explicitly or implicitly. The workshop was
not intended to bring about consensus on theoretical stance, but each of
them suggested important considerations in promoting appropriate mater-
nal weight and maternal and child outcomes.

Life-Course Approach

A number of speakers, discussants, and participants indicated that preg-
nancy is an event in the life course of the mother, yet few studies have
integrated this approach into their designs. The clearest inclusion of the life-
course consideration is in designs that incorporate parity. This has implica-
tions for research purposes as well as clinical practice. For example, data
were presented showing the accumulation of weight following each birth,
with the indication that weight gain in the first birth contributes to the
prepregnancy weight in subsequent births, but the prepregnancy period for
first-time mothers may be very different from that of mothers with children.

As discussed more fully in the context of interventions, the place and
timing of a particular pregnancy in a woman’s life also has implications for
the types of interventions that may be necessary as well as those that may be
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feasible. Accounting for previous pregnancies is not the only consideration
drawn from a life-course approach, however. A woman’s age during preg-
nancy and childbirth has implications for her weight, gestational weight
gain, health, and possibly child health outcomes. Delayed childbirth is
driven by sociodemographic factors, which themselves could play a role,
directly or indirectly, in maternal weight and health (cardiovascular dis-
ease) and child outcomes that are not necessarily explained by gestational
weight gain.

Whole-Person Approach

Several participants drew on a whole-person approach, one that con-
siders weight, nutrition, and physical activity as components of maternal
weight status, gestational weight gain, and child outcomes. It was noted
that the 1990 IOM recommendations address weight only. In general, nu-
trition for pregnant and lactating women is currently focused on caloric
intake, without specific attention paid to specific nutritional requirements
or guidelines. Calorie intake and good nutrition intersect when women
make specific food choices. In addition to nutrition guidance, weight con-
trol is also about physical activity. It is also important to understand the
biological variability in women. Individual metabolism affects calorie and
physical activity outcomes. Studies indicate that the appropriate and inap-
propriate physical activity during and immediately following pregnancy is
not well understood. It is important to understand different cultural tradi-
tions regarding food and physical activity during pregnancy when incorpo-
rating these variables in interventions to control weight.

The discussions noted that, in addition to food and physical activity,
other psychosocial issues are important to examine in addressing the im-
pact of pregnancy and its contributions to women’s health. Although there
are methodological problems in these studies of psychological factors, more
research is needed.

Population and Individual Approaches

Several speakers noted the conflict between a population-wide approach
and an individual approach, which focuses on specific cases. As with many
areas of research and practice, this tension is exacerbated by large-scale
studies that do not examine special populations or even individuals seen in
a clinical setting. There is a need for guidelines, outreach, and education
efforts driven by epidemiological research to be translated for practitioners
treating individual women. In order to do this, more research is necessary
to build a body of evidence about patterns in the general or selected popu-
lations that can be effectively communicated at the individual level.
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INTERVENTION, OUTREACH, AND EDUCATION

Although one session of the workshop focused specifically on interven-
tions or factors that affect appropriate weight during pregnancy and post-
partum, the issues related to interventions came up repeatedly throughout
the discussions. In general, few studies can be found in the literature that
describe interventions for achieving appropriate weight before, during, and
after pregnancy. Knowledge is therefore limited about appropriate study
design, components, effective timing of interventions, and education and
outreach. However, the discussion did produce some consistent themes that
are highlighted below.

When to Intervene

A number of presenters and discussants commented on the importance
of recognizing the timing of an intervention for achieving appropriate weight
before, during, and after pregnancy. In some cases, this was driven by a
general theoretical stance (i.e., the life-course approach discussed earlier)
and in others it was driven by practical concerns. Advantages to intervening
during the pregnancy were largely practical—a woman’s visits to her medi-
cal provider are a great opportunity for an intervention. There is some
regularity of contact between the woman and the medical provider, allow-
ing for easier implementation of clinical-based interventions. However,
many speakers noted concerns about balancing intervention goals with
concerns about safety for the mother and the fetus during pregnancy, espe-
cially in connection with a restricted diet or heavy exercise. By contrast,
interventions prior to or after pregnancy can focus on the woman without
the same level of concern about the fetus, so more intensity may be possible.
However, once women leave the prenatal treatment period, they are not
regularly seen by the medical provider, making implementation a challenge.
Several speakers noted high dropout rates in postpartum interventions al-
though Special Supplemental Food Program for Women, Infants, and Chil-
dren or regular infant care visits are possible points of contact postpartum.
Nearly all who raised the issue, however, expressed an ideal that provided
intervention before, during, and after pregnancy.

Components of Interventions

There is movement toward comprehensive interventions to promote
recommended weight gain during pregnancy that focus on diet and physical
activity, rather than a single-component approach. Psychosocial approaches
are not well understood. In addition, designs using goal-setting with accom-
panying feedback to the woman were also noted to be essential compo-
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nents. Finally, although community-wide interventions were discussed and
thought to be promising approaches, the very limited available research
(one study) does not provide strong evidence for effectiveness.

Outreach and Education

Beyond specific interventions, attention was given to various outreach
efforts to inform and educate women about weight, pregnancy, and health,
addressed either to the medical community or to women in general as well
as to pregnant or prepregnant women in particular. A number of speakers
noted that pregnant women want information, yet they are reluctant to rely
on information when it appears to be conflicting or ambiguous. The desire
to provide useful information, for example, talking about nutritious food
versus calories, was highlighted. A number of participants discussed how
the media or a social marketing approach may or may not help in commu-
nicating information to women of childbearing age.

HEALTH CARE AND HEALTH SYSTEMS

Two themes arose during the discussion that concern health care and
national health care systems. The first concerns the need for improved data
collection systems to monitor maternal weight and weight gain during
pregnancy and postpartum and report information on an epidemiological
scale. The second focuses on practical implications of addressing maternal
weight and weight gain during pregnancy and postpartum through health
care systems in the United States.

Surveillance Systems

Currently no national surveillance system exists for monitoring weight
and weight gain for pregnant women, nor for newborns and mothers post-
partum, that would allow for tracking, documenting, and studying weight
gain before, during, and after pregnancy. Although some states are attempt-
ing to use birth certificate data for these analyses, these efforts are still in
the minority, and the data they collect are not standardized. To establish a
surveillance system, however, critical decisions must be made about the
data to be collected, the methodology, and the frequency. At various points
during the workshop, participants indicated the need to collect data not
only on height and weight (the necessary components for calculating BMI)
but also on abdominal girth (although this latter measurement may be of
little practical use when obtained during pregnancy). Measuring gestational
weight gain at different time points throughout pregnancy is also seen as
important in studying the effects of weight on child and maternal outcomes.
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Once the data needs are identified, concerns about the validity of measure-
ment must be considered, including local variability in definitions as well as
variation introduced by differing data collection techniques, such as direct
measurement versus self-report.

The Health Care System and Pregnant Women

The health care system for pregnant women is constrained by the na-
ture and scope of services that are provided (or at least those that are
accessible) to most women. For many first-time mothers, their entrance into
prenatal care comes after conception and their health care providers pro-
vide relatively little education and information. Small changes to medical
records could help professionals adequately track gestational weight gain.
The lack of guidance from providers is especially likely for women who are
uninsured or who have inadequate health insurance. This limited access to
obstetric care is coupled with lack of access to other professionals, such as
nutritionists and medical paraprofessionals, who could play an integral role
in weight control programs and interventions. Health care disparities in the
quality and cost of services for pregnant women are a wide-ranging prob-
lem. Pregnant women who typically show strong commitment to providing
the best pregnancy they can for their unborn child simply lack access to
intensive, multifaceted care. More systems-level studies are necessary, there-
fore, to strengthen the training of and access to quality care providers.

New mothers experience a transition with the birth of their child in
their relationship with the health care system. Generally they have more
regular access to pediatric care postpartum than maternal care. Applying a
life-course approach to women before, during, and after pregnancy, there is
need for alignment in the health care system across different care settings to
ensure continuity of care for mothers with regard to their weight. A number
of participants in the workshop noted that the current disconnected system
(i.e., there is often no continuity of care for the woman before, during, and
after pregnancy or with the care for the infant and older child) places
limitations on collaborative efforts to control obesity.

SCOPE AND GAPS IDENTIFIED BY INDIVIDUALS
DURING THE WORKSHOP

This list, which is based on the workshop discussions, reflects the sug-
gestions made by presenters, discussants, and other workshop participants
in relation to the workshop’s task. It was prepared for the convenience of
the reader. It should not be construed as representing recommendations or
consensus statements.
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1. Research and databases describing the distribution of maternal
weight (prior to, during, and after pregnancy) among different
populations of women (see Chapter 2).
• There is no national surveillance system that exists to adequately

monitor maternal weight prior to, during, and after pregnancy in
all racial/ethnic groups and different populations of women (e.g.,
adolescents and women of short stature) in the United States.

• No national representative data exist for some minority popula-
tions, including Asian, American Indian, Alaskan Native, and
non-Mexican Hispanic women.

• Postpartum weight retention data are limited. Data show non-
Hispanic black women retain more weight postpartum than non-
Hispanic white women in all BMI categories.

2. Research and databases of the effects of different weight patterns
(underweight and overweight) during pregnancy on maternal and
child health outcomes (up to 12 months) (see Chapters 4 and 5).
• Data show an association of maternal prepregnancy BMI and a

range of negative maternal and child health outcomes.
• Data show a relationship between gestational weight gain and

negative maternal and child health outcomes.
• There are limited studies on the effects of pregnancy in adoles-

cence.
3. Research available on the individual, community, and health care

system factors that impede or foster compliance with recommended
gestational weight guidelines (prior to, during, and after pregnancy)
(see Chapters 3 and 6).
• The biological and social predictors or determinants reviewed

may help women comply with recommended weight and gesta-
tional weight guidelines prior to, during, and after pregnancy.

• Data are limited on the individual, psychosocial, community-
based, and health care and health care system factors reviewed
that may help women comply with recommended weight and
gestational weight guidelines during and after pregnancy. Data
are especially limited on these factors and especially on the inter-
actions of these factors.

4. Opportunities for Title V maternal and child health programs to
help women of childbearing age to achieve and maintain recom-
mended weight (prior to, during, and after pregnancy) (see Chap-
ters 3 and 6).
• Data show prepregnancy BMI is a direct determinant of gesta-

tional weight gain. In addition, other research shows other bio-
logical and social determinants appear to influence the amount
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(insufficient or excessive) and composition of gestational weight
gain.

• Data are unclear about determinants of gestational weight gain
among different populations of women.

• Studies are limited on interventions to promote appropriate
weight during and after pregnancy.

• Presenters and discussants think a comprehensive intervention
should be provided to promote recommended weight gain
prior to, during, and after pregnancy rather than a single-com-
ponent approach.

5. Future research and data collection efforts that could improve the
efforts of Title V programs to support women from different racial
and ethnic backgrounds in their efforts to comply with recom-
mended weight guidelines and to improve their maternal health
(see Chapters 2, 3, 4, 5, and 6).
• Collect representative data on the distribution of maternal weight

(prior to, during, and after pregnancy) in all racial/ethnic groups
in the United States.

• Additional research is needed to untangle the complex relation-
ship of prepregnancy BMI (and other social and biological deter-
minants) and gestational weight gain (rate and pattern of gain).

• Additional research is needed to understand the influence of
biological and social determinants of gestational weight gain on
different populations of women.

• Further research is needed on the effects of maternal weight and
gestational weight gain (in combination and separate) on mater-
nal and child health outcomes in all racial/ethnic and other popu-
lations of women (e.g., adolescents and women of short stature).

• Further research is needed on comprehensive (rather than single-
component) interventions to promote recommended weight gain
prior to, during, and after pregnancy.

FINAL OBSERVATIONS

Although this report was prepared by the committee, it does not repre-
sent findings or recommendations that can be attributed to the committee
members. Indeed, the report summarizes views expressed by workshop
participants, and the committee is responsible only for its overall quality
and accuracy as a record of what transpired at the workshop. Presentations
and discussion during the workshop on maternal weight gain during preg-
nancy highlighted a broad array of research topics, data elements, clinical
interventions, and systems of care issues that are relevant to the influence of
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pregnancy weight on maternal and child health. Each of these areas re-
vealed an evidentiary base that could contribute to in-depth analyses, but
such studies are challenged by methodological limitations and gaps in the
literature. Future efforts will need to draw on a variety of theoretical frame-
works and special population studies as well as comprehensive epidemio-
logical studies to shape clinical interventions and guidance for pregnant
women in achieving healthy outcomes for all.
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APPENDIX

Workshop Agenda
and Participants

WORKSHOP AGENDA

The Impact of Pregnancy Weight on Maternal and Child Health

May 30–31, 2006
National Academy of Sciences Building

Washington, DC

Tuesday, May 30

Welcome, Introduction, and Overview
Moderator: Maxine Hayes, M.D., M.P.H., Committee Chair

8:30 am Welcome, Introductions, Background, and Overview of
Workshop
Maxine Hayes, M.D., M.P.H., Committee Chair

8:45 am Overview: Trends in Maternal and Pregnancy Weight
Mary Cogswell, R.N., Dr. P.H., Division of Nutrition

and Physical Activity, CDC
Patricia Dietz, Dr. P.H., Division of Reproductive

Health, CDC

Panel 1: Gestational Weight Gain: Direct Predictors and Moderators and
Maternal Health Consequences
Moderator: Kathleen Rasmussen, Sc.D., Committee Member

9:25 am Biological and Metabolic Relationships
Janet King, Ph.D., Children’s Hospital Oakland

Research Institute
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9:45 am Social Predictors or Relationships
Naomi Stotland, M.D., San Francisco,  University of
California

10:05 am BREAK

10:20 am Short-Term Maternal Health Outcomes
Kathleen Rasmussen, Sc.D., Cornell University

10:40 am Long-Term Maternal Health Outcomes
Erica Gunderson, Ph.D., Division of Research, Kaiser

Permanente Northern California

11:00 am Discussant Panel:
Each discussant will have 5 minutes.

Barbara Abrams, Dr. P.H., University of California,
Berkeley

Calvin Hobel, M.D., Cedars-Sinai Medical Center and
University of California, Los Angeles

Elizabeth McAnarney, M.D., University of Rochester,
Medical Center

Anna Marie Siega-Riz, Ph.D., University of North
Carolina, Chapel Hill

12:00 pm LUNCH

Panel 2: Maternal Weight and Gestational Weight Gain as Direct
Predictors and Moderators of Infant and Child Growth and Health
Moderator: Matthew Gillman, M.D., Committee Member

1:00 pm Short-Term Infant Health Outcomes
Patrick Catalano, M.D., MetroHealth Medical Center,

Case Western Reserve University

1:20 pm Long-Term Child Health Outcomes
Emily Oken, M.D., Harvard Medical School, Harvard

Pilgrim Health Care
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1:40 pm Discussant Panel:
Each discussant will have 5 minutes.

Mary Hediger, Ph.D., National Institute of Child Health
and Human Development, National Institutes of
Health

Michael Kramer, M.D., McGill University
Robert Whitaker, M.D., M.P.H., Mathematica Policy

Research Institute, Inc.

2:40 pm BREAK

Panel 3: Insights from Interventions to Promote Appropriate Weight
During Pregnancy and Postpartum
Moderator: Lillian Gelberg, M.D., Committee Member

3:00 pm Individual Approaches to Change Behaviors Related to
Appropriate Weight During Pregnancy and Postpartum
Rena Wing, Ph.D., Brown Medical School

3:20 pm Psychosocial-Related Factors That Affect Appropriate
Weight During Pregnancy and Postpartum
Lorraine Walker, Ph.D., University of Texas-Austin

3:40 pm Community Approaches to Promote Appropriate Weight
During Pregnancy and Postpartum
Christine Olson, Ph.D., R.D., Cornell University

4:00 pm Existing Practices and Policies for Clinicians and Health
Systems Regarding Appropriate Weight During
Pregnancy and Postpartum
Laura Riley, M.D., Massachusetts General Hospital

4:20 pm Discussant Panel:
Each discussant will have 5 minutes.

Edith Kieffer, Ph.D., University of Michigan, Ann Arbor
Carol Korenbrot, Ph.D., California Rural Indian Health

Board
William McCarthy, Ph.D., University of California, Los

Angeles

5:20 pm End of the day
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Wednesday, May 31

8:30 am Continental Breakfast

Summary of Previous Day

9:00 am Moderator: Maxine Hayes (5–10 minute summary and then
discussion)
Review what is known about the distribution of maternal
weight in different populations of women.

9:30 am Moderators: Kathleen Rasmussen and Matthew Gillman
(5–10 minute summary and then discussion)
Review what is known about the effects of different weight
patterns during pregnancy on maternal and child health
outcomes.
• Based on the evidence presented, what else can be done

to further improve maternal and child health outcomes?
• What research is needed to move the field forward?
• What have we missed?

10:15 am Moderator: Lillian Gelberg (5–10 minute summary and
then discussion)
Review what we know about the individual, community,
and health care system factors that (1) affect and (2) seek
to improve maternal and child health outcomes through
compliance with recommended gestational weight
guidelines.
• To what extent are these policies and interventions based

on scientific evidence presented around improving
maternal and child health outcomes?

• Based on the evidence presented, what else can be done
to further improve maternal and child health outcomes?

• Who needs to be involved to further improve maternal
and child health outcomes? Is there a role for the media
and public messaging?

• What research is needed to move the field forward?
• What have we missed?

12:00 pm End of Workshop
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