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ABSTRACT | Obesity affects many women of reproductive age in the United States. In 2009, the Institute of
Medicine and the National Research Council published the report Weight Gain During Pregnancy: Reexamin-
ing the Guidelines, which recommends gestational weight gain guidelines based on pre-pregnancy body mass
index (BMI) and considers multiple maternal and child health outcomes in an effort to balance the risk and
benefits of the amount of gestational weight gain for these outcomes in the short and long term. Since the pub-
lication of that report, more evidence has emerged about weight gain in pregnancy among women with class

Il obesity (BMI of 35-39.9) and class Ill obesity (BMI of 40 or greater). New evidence includes trends in weight
gains and associated health outcomes, as well as promising interventions, including digital health tools and
group prenatal care. Despite this emerging evidence, there are still many limitations and research gaps that
need to be filled in order to properly care for pregnant women with obesity and their fetus/child. Interventions
should be developed with the involvement and engagement of the communities they will serve.

Introduction

In June 2018, the Roundtable on Obesity Solutions of
the National Academies of Sciences, Engineering, and
Medicine (the National Academies) held a webinar
titled “The Current Understanding of Pre-Pregnancy
Weight, Gestational Weight Gain, and the Impacts on
Maternal and Child Health Among Women with Obe-
sity” with the objective of focusing on women with
class Il and class lll obesity and exploring new evidence
that has emerged since the 2009 Institute of Medicine
(IOM) and National Research Council (NRC) gestational
weight gain (GWG) recommendations were released
(as of March 2016, the National Academies’ Health and
Medicine Division continues the consensus studies and
convening activities previously undertaken by the IOM)
[1]. Since the publication of that report, much has been
published in the literature in regard to GWG patterns
for women with overweight and obesity as well as in-
terventions designed specifically to help women gain
only within targeted ranges. In this paper, the authors,
all speakers from that webinar, will present a summary

of the how the 2009 IOM/NRC GWG recommendations
were made and the major data gap that existed at that
time, describe new GWG trends for women entering
pregnancy with class Il and class Ill obesity (body mass
index [BMI] at or above 35), briefly summarize the most
promising interventions for women with overweight
and obesity, and provide a discussion of the research
gaps that will need to be addressed before new recom-
mendations can be made for these groups of women.

Background

Overweight and obesity affect many women of repro-
ductive age in the United States, 27 and 41 percent
respectively in 2015 and 2016 [2]. The 2009 IOM/NRC
gestational weight gain recommendations, which were
based on pre-pregnancy BMI and considered multiple
maternal and child outcomes, also took into consider-
ation this high prevalence of overweight and obesity
[11. This work was a paradigm shift in many ways. First,
the committee that authored the report considered
the risks and benefits of weight gain for the baby be-
yond that of low birth weight to include preterm birth,
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large-for-gestational age (LGA), childhood obesity, and
infant mortality. The 2009 committee also considered
the health of the mother, including pregnancy compli-
cations, mode of delivery, and postpartum weight re-
tention.

As noted in the report, the committee was guided
by the basic principle that each product of conception
represented the following amount of weight gain at
term: fetus = 3.40 kg/7.50 Ibs (2.5-5.0 kg [[5.51-11.02
Ibs]); placenta = 0.65 kg/1.43 Ibs; amniotic fluid = 0.80
kg/1.76 Ibs; maternal tissue, such as uterus, mammary
glands, etc. = 1.38 kg/3.04 Ibs; blood, such as plasma
and red cell volume = 1.45 kg/3.20 Ibs; maternal fat
stores = 3.35 kg/7.39 Ibs; and extracellular/extravascu-
lar fluid = 1.48 kg/3.26 Ibs, and if edema is present, up
to 4.7 kg/10.36 Ibs, all equaling 12.5 kg/27.56 Ibs [1].
Of note, these are the basic figures first compiled by
Hytten and Leitch decades ago and updated by Hytten
and Chamberlain in 1991—referring to normal-weight
women (BMI of 18.5-24.9), eating to appetite, who de-
livered optimal-weight babies (in countries where few
had obesity)—whose total gain was 12.5 kg (or 27.56
Ibs) [1, 3, 4]. These data are important because they
allude to the minimum amount most women need to
gain for a healthy pregnancy and it gives the sense that
the products of conception might be differentially re-
lated to outcomes (e.g., greater fluid retention indica-
tive of pregnancy-induced hypertension/pre-eclampsia
and greater placenta weight being indicative of small-
for-gestational age [SGA]).

The evidence included in the 2009 IOM/NRC report
demonstrated a rather straightforward relationship
between fat gain and fat retention postpartum (i.e.,
more weight gained during pregnancy resulted in
more weight women had to lose in the postpartum
period) [1]. In contrast, the relationship between GWG
and fetal size was more complex [5]. Furthermore, the
2009 report suggested that gaining within the I0M
guidelines was associated with reasonable changes
in body composition in the postpartum period such
that gaining within the targeted weight was associated
with less maternal fat deposition [6]. Thus, given the
obesogenic environment in which we live, maternal fat
stores was the one component that allowed for varia-
tion in weight gain for women of different weight sta-
tus entering pregnancy [7]. In other words, the 2009
committee noted that it was hard to justify issuing a
recommendation that pregnant mothers should gain
anything substantially lower than 9kg, while doing no
harm to mother or baby, given the scientific evidence
at that time [1].

Table 1 provides the recommendations from the
2009 IOM/NRC report, which illustrate that recom-
mended weight gain varies by pre-pregnancy BMI
category, with women with a BMI = 30 being asked to
gain the least amount of weight, ranging from 5-9 kg
(11-20 Ibs). At the time when the report was released,
it was emphasized that there were limitations associ-
ated with these recommendations. The greatest limita-
tion was the lack of data in the published literature for
women with BMIs > 35 [8].

Table 1 | Gestational Weight Recommendations from the 2009 Institute of Medicine and National

Research Council Report®

Pre-pregnancy BMI Category

Total Weight Gain (lb, kg)

Rate of Weight Gain
2nd and 3rd Trimester
(Ib/week, kg/week)

Underweight (<18.5 kg/m?)

28-40,12.5-18

1.0(1.0-1.3),0.51 (0.44 - 0.58)

Normal weight
(18.5-24.9 kg/m?)

25-35,11.5-16

1.0(0.8-1.0), 0.42 (0.35 - 0.50)

Overweight (25.0 - 29.9 kg/m?)

15-25,7-11.5

0.6 (0.5-0.7),0.28 (0.23 - 0.33)

Obesity® (=30.0 kg/m?)

11-20,5-9

0.5(0.4-0.6),0.22(0.17 - 0.27)

Calculations assume a first-trimester weight gain of 1.1 - 4.4 Ibs (0.5 - 2.0 kg).

bSince the release of the 2009 report, efforts are being made to discontinue the use of language that contrib-
utes to bias and stigma associated with weight. In line with people-first language, “obesity” is preferred to
“obese.” More information on people-first language can be found at https://www.obesityaction.org/action-

through-advocacy/weight-bias/people-first-language

SOURCE: Adapted from Institute of Medicine and National Research Council, 2009 [1]
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New Evidence on GWG for Women with Class Il
and Class Ill Obesity (BMI = 35)

The prevalence of obesity in the United States has
reached 41 percent, up from 17 percent in 1976 [2].
More striking, however, is the increase in severe obe-
sity (BMI = 40 kg/m2). Forty years ago, 1 in 50 Ameri-
cans had a BMI of 40 or more, while in 2019 it is about
1 in 10 [2]. These rates are expected to continue to
rise through 2030 [9]. Obesity is also common among
pregnant women. At conception, 21 percent of women
have a BMI of 30 or more and 9 percent have a BMI of
35 or more [10].

GWG tends to decline as BMl increases, but is higher
than the 2009 IOM guidelines. Mean GWG ranges from
12.3-12.7 kg (27.1-28.0 Ibs), 10.0-10.8 kg (22.04-23.81
Ibs), and 7.5-9.5 kg (16.53-20.94 Ibs) among women
with class | (BMI 30-34.9), class Il (BMI 35-39.9), and
class Il (BMI = 40) obesity [11-17], respectively, which
are generally higher than the recommended range of
5 to 9 kg [2]. As shown in Figure 1, only about one in
four women with obesity gains within the IOM/NRC
recommended range [10]. Contrast this with women
with normal weight, who are more than 1.5 times as
likely as women with obesity to gain within the guide-
lines. Most women with obesity gain in excess of the
IOM/NRC guidelines, but inadequate weight gain is
also common. Weight loss during pregnancy increases

as severity of obesity rises; 2-5 percent, 4-9 percent,
and 9-16 percent of women with class |, Il, or Ill obesity
respectively weigh less at delivery than they did at con-
ception [12-14, 17, 18-20].

The association between GWG and adverse health
outcomes differs according to pre-pregnancy BMI [2],
with more optimal outcomes observed with lower
weight gains for women with higher BMlIs, whereas
lower weight gains for women with a normal BMI may
be less ideal. There is a large volume of research link-
ing GWG and adverse maternal and child health out-
comes among women with obesity [2], but few stud-
ies have evaluated these associations after stratifying
women according to the severity of obesity. To the
knowledge of the authors of this paper, gestational dia-
betes, SGA and LGA, cesarean delivery, preterm birth,
and infant death are the only outcomes that have been
studied in relation to weight gain by obesity severity.
Rigorous evaluation of GWG relative to birth outcomes
requires using measures of weight gain that are uncor-
related with length of pregnancy to avoid confounding
by gestational duration [21]. Furthermore, because
the pathophysiology of preeclampsia or the treatment
of gestational diabetes may alter total weight gain, a
measure of weight gain before clinical presentation of
these conditions is necessary to avoid bias due to re-
verse causality [21].

Figure 1 | Gestational weight gain adequacy in the United States, 2012 and 2013, according to the
2009 Institute of Medicine and National Research Council guidelines
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NOTE: Class | obesity is defined as a BMI of 30 - 34.9, class Il obesity is defined as a BMI of 35 - 39.9, and class IlI

obesity is defined as a BMI of 40 or greater.

SOURCE: Presented by Lisa Bodnar, June 13, 2018. Adapted from Deputy et al., 2015 [10]
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A recent systematic review reported a clear, positive
dose-response association between GWG and risk of
LGA and cesarean delivery among women with class
[I'and Il obesity [22]. Although the relation is slightly
less consistent, the review generally found that higher
GWG was related to a lower risk of SGA in women with
severe obesity [22].

There is only one study with an adequate sample size
that reported on risk of gestational diabetes according
to weight gain up to 24-28 weeks (the time of gesta-
tional diabetes screening) among women by obesity
severity [23]. The authors of said study examined first
and second trimester weight gain trajectories in rela-
tion to gestational diabetes and found that only first
trimester weight gain trajectory was positively associ-
ated with diabetes in women with class | or Il obesi-
ty. Furthermore, among women with class Il obesity,
there was no relation to risk of gestational diabetes
with GWG in either trimester.

Unlike the U-shaped relations between GWG and the
risk of preterm birth that have been reported in leaner
women, two studies have reported that the risk of pre-
term birth is relatively flat and became meaningfully
elevated only at very high GWGs [12, 24]. The risk of in-
fant death has been elevated at both extremes of GWG
for women with class Il obesity. There were 1 to 2 ex-
cess infant deaths per 1,000 liveborn infants at weight
gains of 5.5 kg or less, and very high weight gains of 35-
42 kg (77.16-95.59 Ibs) were associated with 2 excess
deaths per 1,000 live-born infants. However, among
women with class Il obesity, GWG was not associated
with infant death [12].

Overall, some evidence suggests that for women
with severe obesity, low weight gain may increase the
risk of SGA birth and infant death, and high weight gain
may increase the risk of LGA birth, cesarean delivery,
preterm birth, and infant death. Thus, for now, gaining
within the targeted range is best.

Interventions Designed for Women with Over-
weight or Obesity: What Works?

While many intervention studies focus on GWG among
patients with obesity, there is a lack of data and clini-
cal studies that specifically target class Il and Il obesity.
Most studies combine people of all obesity classes, so
it is not possible to specifically identify which interven-
tions are most effective in this subgroup. Below, stud-
ies grouped into three intervention domains are sum-
marized: traditional diet and exercise, digital health,
and other.

Traditional Diet and Exercise Interventions

Overall, diet, exercise, and diet plus exercise interven-
tions in pregnancy show a modest but significant ef-
fect on reducing GWG [25]. However, many U.S.-based
studies show that these interventions are less effective
among women with obesity. The interventions studied
are often not well described and are heterogeneous
from study to study, so it is difficult to make recom-
mendations for specific regimens. Not surprisingly,
more intensive (and expensive) interventions with
more frequent human interaction seem to be more ef-
fective than brief (once or twice) interventions or bro-
chure-based advice. The type of diet (e.g., low glycemic,
low fat) seems to be less important than overall caloric
restriction, similar to the findings of studies involving
non-pregnant individuals, but little is known about the
long-term impact of such diets on infant health. Three
recent review studies showed that exercise-alone inter-
ventions, while effective in some Asian and European
studies, have generally not been shown to be effec-
tive at preventing excessive GWG in U.S.-based trials
[26-28]. This finding held when the systematic review
authors looked at the subgroup of women with obesity,
although unfortunately the class of obesity (class I, II, or
[1) was not specified. However, exercise in pregnancy
appears safe and may provide other benefits besides
weight control [28].

Digital Health Interventions

There have been some promising findings from digital
health interventions such as smartphone weight man-
agement apps and Web-based programs. Programs
that engage with social media and create networks
can provide peer support, and smartphone interven-
tions allow 24/7 engagement with weight management
resources. A review article found that among women
with overweight or obesity, digital health interventions
for weight gain in pregnancy were effective, especial-
ly if used in conjunction with a human element (e.g.,
phone calls, in-person visits, group visits) [29]. More re-
search is needed on the use of various tracking devices
in pregnancy, including activity/exercise monitors (e.g.,
pedometers, accelerometers). It is also unknown how
many providers are recommending smartphone apps
for weight management in pregnancy, and what bar-
riers exist to their use, especially among lower-income
patients, patients of color, and non-English-speaking
patients in the United States. There are ongoing stud-
ies of digital GWG interventions, including one focusing
on black patients with obesity [30].
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Other Non-Traditional Weight Gain Interventions
A randomized trial of a meal replacement (prepared
shakes/drinks) program among pregnant patients with
overweight and obesity showed reduced GWG in the
intervention group [31]. More studies are needed to
examine the acceptability and safety of meal replace-
ment in pregnancy, but these findings are promising
and could be accessible to many patients in the United
States. In addition, group prenatal care was associated
with a small but statistically significant reduction in
GWG and postpartum weight retention in one random-
ized controlled trial [32]. However, a recent systematic
review and meta-analysis reported inconsistent impact
of group prenatal care on GWG [33]. Given that group
prenatal care has been linked to a number of improved
perinatal outcomes (including fewer preterm births) as
well as patient satisfaction, access to this model of care
should be expanded.

Obesity Stigma, Bias, and Patient-Centered
Care

Pregnant patients with a higher BMI report high rates
of negative experience in the health care system, and
these negative experiences lead some patients to avoid
or delay care [34]. The first step to improving outcomes
among patients with higher BMls is to work on provid-
ing non-judgmental, comfortable, and patient-centered
care. Table 2 provides some resources for health care
workers to use in guiding the care of pregnant women
with overweight and obesity. Studies have shown that
physicians hold strong negative biases against patients
who weigh more, so efforts to increase awareness and
anti-bias training of both new and senior clinicians may
be necessary to reduce the negative impact on patients.
As noted in Table 2, members of the Strategies to Over-
come and Prevent (STOP) Obesity Alliance have created
a toolkit in which providers are given several helpful
tips and recommendations on how to have these con-
versations about weight. For example, it is suggested
to avoid words such as “fat,” “obese,” “diet,” and “exer-
cise” and instead use terms such as “increased BMI,”
“unhealthy weight,” and “eating habits.” Similar to other
medical topics, sometimes it is best to listen first, be
empathic, and ask the patient if it would be acceptable
to discuss their weight. The STOP Obesity Alliance tool
kit has many other examples of how to begin and con-
tinue these necessary conversations [35].

Providers and researchers also need to be cautious
to avoid “mommy blaming,” especially among patients
of color, who have been inappropriately blamed for
high rates of perinatal morbidity and mortality [36].

While obesity is associated with adverse perinatal out-
comes, black patients have higher rates of perinatal
morbidity and mortality even when controlling for BMI,
income, and other factors [37]. Research on racial in-
equity in perinatal outcomes indicates that structural
racism, not “lifestyle,” is a primary factor in racial health
disparities [38, 39]. Therefore, it is all the more impor-
tant to start conversations about obesity and weight
gain with a patient-centered focus by listening to pa-
tients first and identifying their weight gain and preg-
nancy-related goals before providing advice. It is also
essential to involve and engage with the communities
of patients when developing interventions rather than
imposing interventions that may not serve the needs
and cultural characteristics of those communities [40].

Existing Gaps and Next Steps

While the current body of published literature provides
insight with regard to appropriate GWG for women
with obesity, significant gaps still exist in the literature.
In fact, the existing body of literature suffers from sev-
eral methodological issues, which limit the strength of
the evidence and reduce the ability to generalize find-
ings to an increasingly diverse U.S. population.

Study Design Considerations

Publications that report GWG outcomes are all too of-
ten secondary analyses of broader studies, which are
not appropriately designed or adequately powered to
examine GWG as an outcome. Few studies adequately
stratify subjects by class of obesity prior to pregnancy
when examining GWG patterns, while too many use a
single category of “obesity” for all women with a BMI of
30 or greater [16, 18, 41]. Even fewer studies examine
weight loss among women with obesity during preg-
nancy [19]. In failing to stratify by degree of obesity or
to examine weight loss, studies are unable to identify
potentially critical differences that could inform clinical
interventions for pregnant women. In addition, stud-
ies often report only total GWG rather than patterns
of weight gain across pregnancy (i.e., by trimester or in
the first half of pregnancy), and fail to account for cor-
relations between GWG and fetal growth. The authors
of this paper believe that it is vital that future studies
examine adequate numbers of participants to permit
concurrent deliberation of appropriate categories of
pre-pregnancy weight status, GWG patterns, and ma-
ternal-fetal outcomes. In sum, to inform optimal weight
gain ranges, more research is needed on a wide range
of short- and long-term outcomes in women with class
[l and Ill obesity, including maternal postpartum weight
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Table 2 | Examples of Resources on Weight and Weight Gain Before and During Pregnancy

Topic

Resource

Motivational Interviewing?

Dr. Auguste Fortin, a specialist in health care communication, explains his opin-
ions and experiences with motivational interviewing (applicable to weight, diet,
and physical activity).

“Motivational interviewing involves four pillars in its practice: compassion,
acceptance, partnership, and evocation.” -A. Fortin, VI, MD, MPH, Yale University

Why Weight??

Starting the conversation about weight can be challenging. This resource guides
providers on how and why to have these conversations with patients.

“Assessing patients’ stage of change can help determine how to assist them moving
forward” - Why Weight?

Weight Bias and Stigma©

Another resource on starting conversations about weight. The Rudd Center for
Food Policy & Obesity at the University of Connecticut provides links and infor-
mation about weight bias and discrimination.

Managing Overweight and
Obesity in Adults?

Systematic review from the Obesity Expert Panel.

Calculating BMI¢

Resources from the American Heart Association on calculating body mass index,
including subcategories such as pregnancy and breastfeeding.

Toolkit: Pregnancy Weight
Gain Guidelines Dissemination
Webinarf

This 88-minute webinar has information for healthy pregnancy and weight gain
from the National Academies of Sciences, Engineering, and Medicine.

Referralseh

This resource shows how to have a referral system in place to easily make sug-
gestions and recommendations for local resources and prenatal programs.

A Guide for Developing Tools
Addressing Environmental
Factors to Improve Diet and
Physical Activity'

A guide with community member feedback that assists providers and
organizations alike on tools and resources for implementing health promotion
programs.

5A Model’

The 5A model (assess, advise, agree, assist, and arrange) provides a framework
for counseling in clinical practice.

SOURCES: @Firth, S. 2016. What is motivational interviewing? Medpage Today. Available at http://www.medpageto-
day.com/PublicHealthPolicy/GeneralProfessionallssues/57850. Accessed July 1, 2019.
PSTOP Obesity Alliance. Why weight? STOP Obesity Alliance. Available at http://whyweightguide.org/index.php. Ac-

cessed July 1, 2019.

‘Rudd Center for Food Policy & Obesity, University of Connecticut. Weight bias and stigma. Available at http://ucon-
nruddcenter.org/weight-bias-stigma. Accessed October 3, 2019.

dNational Institutes of Health, National Heart, Lung, and Blood Institute, and North American Association for the
Study of Obesity. 2000. The practical guide: Identification, evaluation, and treatment of overweight and obesity in adults.
NIH Publication Number 00-4084. Available at https://www.nhlbi.nih.gov/files/docs/guidelines/prctgd_c.pdf. Ac-

cessed July 1, 2019.

eAmerican Heart Association. 2018. Body mass index in adults. Available at http://www.heart.org/HEARTORG/Healthy-
Living/WeightManagement/BodyMassIindex/Body-Mass-Index-In-Adults-BMI-Calculator-for-Adults_UCM_307849_Ar-
ticle.jsp?gclid=CLmYOPyd6NMCFU5YDQod590Ixg#bmiswf. Accessed July 1, 2019.

National Academies of Sciences, Engineering, and Medicine. 2018. Toolkit: Pregnancy weight gain guidelines dissemina-
tion webinar. Available at http://www.nationalacademies.org/hmd/Activities/Children/PregnancyWeightDisseminati
on/2013-SEP-09/ToolKit.aspx. Accessed July 1, 2019.

gMay, L. E., R. R. Suminski, E. R. Linklater, S. Jahnke, and A. G. Glaros. 2013. Exercise during pregnancy: The role of
obstetric providers. Journal of American Osteopathic Association 113(8):612-619.

hEakin, E. G., W. J. Brown, A. L. Marshall, K. Mummery, and E. Larsen. 2004. Physical activity promotion in primary
care: Bridging the gap between research and practice. American Journal of Preventive Medicine 27(4):297-303.

Jilcott, S. B., B. A. Laraia, K. R. Evenson, L. M. Lowenstein, and A. S. Ammerman. 2007. A guide for developing in-
tervention tools addressing environmental factors to improve diet and physical activity. Health Promotion Practice
8(2):192-204.

vallis, M., H. Piccinini-Vallis, A. M. Sharma, and Y. Freedhoff. 2013. Modified 5 as minimal intervention for obesity
counseling in primary care. Canadian Family Physician 59:27-31.
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retention, childhood obesity, childhood neurocognitive
outcomes, and chronic diseases.

Another gap in the GWG literature is the lack of im-
plementation science to inform clinical practice guide-
lines. This type of research incorporates a transdisci-
plinary policy and systems approach, utilizing methods
to enhance and ensure the systematic application of
research findings and evidence-informed practices
that enable broad adoption of interventions that will
improve the effectiveness of health care services. This
type of research must include effective methods for
overcoming implementation challenges in diverse, un-
der-resourced communities and should be made avail-
able to practitioners and professional organizations
through the adoption of effective communication and
dissemination strategies.

Participant Characteristics and Generalizability
The inclusion of participants who reflect the diversity
of the U.S. population represents another gap in the
literature. As the United States continues to develop
into a more racially and ethnically diverse population,
addressing this research gap becomes particularly rel-
evant. It is estimated that by 2044 the majority of the
U.S. population will be non-white [42]. The percentage
of foreign-born individuals is expected to increase from
14 percent (2016) to 19 percent by 2060. Immigration
from Latin America and Asia is expected to account
for most of this change [43]. Currently, 50 percent of
children younger than 5 years of age identify as a ra-
cial/ethnic minority, and this percentage is likely per-
manent, as the majority of babies born in the United
States between 2010 and 2015 were born to non-white
mothers [44]. A recent review of published literature
related to GWG found that 72 percent of studies includ-
ed white women, 66 percent included black women, 45
percent included Hispanic women, and only 20 percent
included Asian women [45]. This is concerning given
that populations that are expected to experience the
most growth are among those least represented in the
published literature. Notably, there is also a dearth of
studies examining GWG among Native American, Alas-
kan Native, or Pacific Islander women, who are likely
to experience significant disparities in maternal-fetal
outcomes.

Social Determinants of Health and Weight Status

Gaps in the literature are also found with respect to
the examination of GWG across structural and social
determinants of health, such as race, ethnicity, nativity
status, degree of acculturation, geography, and mea-

sures of socioeconomic status (SES) (e.g., education,
household income, marital status, family size). The ma-
jority of the literature accounts for social and structural
constructs by adjusting for rather than examining and
explaining how variances in these factors impact GWG
[46, 47]. These factors may affect GWG by altering pat-
terns of food and beverage consumption and physical
activity and may affect utilization of health care servic-
es, thus warranting more attention in future studies.
Also, women from racial and ethnic minority popula-
tions have higher rates of living in poverty compared
to white women [48]. Failing to adequately account for
SES and other structural and social factors may result
in the overestimation of associations between race or
ethnicity and GWG. Data suggest that differences in
health outcomes attributed to race or ethnicity may be
attenuated when SES and other structural determinant
factors are adequately accounted for in regression
analysis [46, 471].

Current literature also often fails to account for nativ-
ity and cultural variation within racial and ethnic groups
or acculturation among first- and second-generation
U.S.-born women [49]. This is problematic as GWG and
maternal and fetal outcomes such as preterm birth
and low birthweight can be significantly different with-
in racial and ethnic groups. For instance, rates of poor
fetal outcomes vary significantly among black women
born in the United States, in the Caribbean, or in Africa;
however, the role of GWG in these disparities is largely
unknown [50]. Similarly, rates of preterm birth are sig-
nificantly different among Hispanic women with differ-
ent countries of birth and cultural backgrounds [51], so
Hispanic women should not be considered as a homo-
geneous group. Research suggests that pre-pregnancy
BMI and GWG may be lower among Hispanic women,
and may vary by cultural background, nativity status,
and levels of acculturation [52-54]. Failing to account
for nativity status and inter-ethnic origin may mask the
impact of cultural practices and beliefs that affect GWG
and may prevent the development of culturally tailored
interventions for pregnant women.

Lastly, there are substantial gaps in the literature
regarding other economic, social, and psychosocial at-
tributes that are thought to disparately impact weight
status among populations of pregnant and postpartum
women, including food insecurity, nativity status, geog-
raphy of residence, clinician recommendations regard-
ing GWG, prenatal and postpartum depression, and
social support [49-63]. For example, food insecurity
is more common among female-headed households
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and households of color and has been associated with
higher pre-pregnancy BMI and higher GWG, yet is of-
ten ignored in research [45, 48, 54]. Material hardship
(which includes food insecurity) during childhood has
also been found to increase the risk of excessive GWG
during pregnancy and later in life [62]. Pregnant wom-
en who lack access to health care may be at increased
risk for altered GWG due to inadequate access to pre-
natal interventions. For instance, rural women are
more likely to experience obstetric care provider short-
ages or transportation barriers, resulting in later entry
to prenatal care [63, 64]. Notably, immigrant women
may not seek health care, including prenatal care, out
of distrust or fear of deportation [64, 65]. Therefore,
it is important that health care professionals gain the
trust of diverse populations, particularly among com-
munities who have experienced historical trauma, and
understand the barriers to research recruitment and
participation to further develop tailored recruitment
and intervention methods that overcome barriers to
participation.

Summary and Conclusions

It seems clear that future research needs to employ
stronger study designs, include diverse participants,
collect more frequent and detailed data, examine dif-
ferences in GWG by class of obesity, and assess both
physiological and socio-economic constructs of health
that may impact weight status before and during preg-
nancy. These types of studies will be required to exam-
ine the complex associations between race, ethnicity,
SES, culture, residency status, and stressors and weight
status among women of reproductive age.

Digital health and meal replacement interventions
show promise for modest reduction in GWG for wom-
en with obesity, but more research is needed, espe-
cially for women with class Il and Ill obesity. Based on
available evidence, the best diet to reduce GWG is any
reasonably healthful diet that reduces calories and is
acceptable to the woman. Itis important to listen to pa-
tients and communities about their priorities for health
when developing interventions for gestational weight
gain. Such interventions will be most effective when
they are wanted and valued by patients and when their
development is informed by communities.

It has been well established that a successful preg-
nancy starts in the preconceptional period [66]. Thus,
for women with obesity in all of the classes, how health
care professionals address women's current weight
status is complicated due to the comorbidities associ-

ated with this condition both before and during preg-
nancy. Ideally, a reduction in weight prior to pregnancy
would be recommended, but this may not be feasible
or desired by the woman. Thus, gaining within the tar-
get weight gain recommendations may be one way to
help optimize the health of the mother and child. While
the authors of this paper do not expect GWG to totally
mitigate the effects of these complications during preg-
nancy, it can contribute to improved outcomes for the
mother, such as reduced postpartum weight retention,
and for the child, outcomes related to development of
childhood obesity and other epigenetic changes that
may be related to the future development of chronic
diseases [67]. Until these research gaps are filled, sug-
gesting a new target GWG for women with obesity is
premature. The authors of this paper encourage the
scientific community to conduct well-designed studies
to help address these gaps and the National Institutes
of Health and other agencies to fund such studies.
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