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The effect of the 2009 revised U.S. guidelines e

for gestational weight gain on maternal
and infant health: a quasi-experimental study

Daniel F. Collin', Richard Pulvera” and Rita Hamad'*"

Abstract

Background Excess gestational weight gain (GWG) has adverse short- and long-term effects on the health of moth-
ers and infants. In 2009, the US Institute of Medicine revised its guidelines for GWG and reduced the recommended
GWG for women who are obese. There is limited evidence on whether these revised guidelines affected GWG and
downstream maternal and infant outcomes.

Methods We used data from the 2004-2019 waves of the Pregnancy Risk Assessment Monitoring System, a serial
cross-sectional national dataset including over 20 states. We conducted a quasi-experimental difference-in-differ-
ences analysis to assess pre/post changes in maternal and infant outcomes among women who were obese, while
“differencing out”the pre/post changes among a control group of women who were overweight. Maternal outcomes
included GWG and gestational diabetes; infant outcomes included preterm birth (PTB), low birthweight (LBW), and
very low birthweight (VLBW). Analysis began in March 2021.

Results There was no association between the revised guidelines and GWG or gestational diabetes. The revised
guidelines were associated with reduced PTB (— 1.19% points, 95%Cl: — 1.86, — 0.52), LBW (— 1.38% points 95%Cl:
—2.07,—0.70), and VLBW (— 1.30% points, 95%Cl: — 1.68, — 0.92). Results were robust to several sensitivity analyses.

Conclusion The revised 2009 GWG guidelines were not associated with changes in GWG or gestational diabetes but
were associated with improvements in infant birth outcomes. These findings will help inform further programs and
policies aimed at improving maternal and infant health by addressing weight gain in pregnancy.

Keywords Gestational weight gain, Quasi-experimental studies, Maternal health, Infant health, Pregnancy Risk
Assessment Monitoring System

Background
Excess or inadequate gestational weight gain (GWG)
has adverse short- and long-term effects on the health
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overweight and obesity during childhood for the infant,
which can lead to higher morbidity and mortality for both
[3-5]. The effects of GWG on maternal and infant health
are more salient among women who were overweight
(i.e., body mass index [BMI] 25-29.9) or obese (ie.,
BMI > 30) before pregnancy [6—9]. Given that the preva-
lence of obesity among adults in the US has increased in
the past decade, and pre-pregnancy obesity prevalence
rose from 26.1% in 2016 to 29.0% in 2019, there is a need
for policies and programs that target maternal nutrition
and GWG to improve maternal and infant health [10, 11].

In the US, the Institute of Medicine (IOM, now the
National Academy of Medicine) has historically issued
and updated clinical guidelines on GWG intended to
improve perinatal outcomes. First released in 1970,
the IOM guidelines provided a range of recommended
GWG for pregnant women that was the same regardless
of a woman’s pre-pregnancy BMI (Table 1). The guide-
lines were revised in 1990, with the primary intention
of increasing GWG and improving infant birthweight
among underweight women, recommending different
GWG ranges depending on four categories of mater-
nal pre-pregnancy BMI [14]. The guidelines were again
revised in 2009 to more specifically address the greater
percentage of women entering pregnancy overweight or
obese and having excess GWG [15]. The main change
for the 2009 revised guidelines was to recommend that
women who are obese gain even less weight during preg-
nancy than those who are overweight.

While previous studies have examined the benefits of
adhering to the 2009 revised guidelines, there is little
research on the effects of the 2009 IOM revised guide-
lines on GWG or perinatal health outcomes among
women who are obese. Of note, one study examining the
effect of the 1990 revised guidelines found no effect on
GWG among US women while another found a decrease
in percentage of women within the recommended GWG

Table 1 Guidelines for recommended gestational weight gain,
by pre-pregnancy body mass index

Pre-pregnancy Body Mass

Index
Overweight Obese
Version of 1970 guideline 20-25 Ibs 20-25 Ibs
IOM Guidelines 1990 revision 15-25 lbs >15 lbs®
2009 revision 15-25 Ibs 11-20 Ibs

Overweight (body mass index 25.0-29.9); Obese (body mass index >30.0)
Abbreviations: IOM Institute of Medicine

@While there was no maximum gestational weight gain recommended
for women who were obese in the 1990 IOM guidelines, in practice it was

considered to be similar to that for women who were overweight (i.e., 25 Ibs)
[12,13].
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[16, 17]. Our current study addresses this gap by examin-
ing the effects of the 2009 revision on several maternal
and infant health outcomes in a large diverse multi-state
sample. We hypothesized that the implementation of a
lower range of recommended GWG for women who are
obese would decrease GWG and improve related mater-
nal and infant health outcomes.

Methods

Data

Data were drawn from the 2004—2019 waves of the Preg-
nancy Risk Assessment Monitoring System (PRAMS), a
surveillance project of the US Centers for Disease Con-
trol and Prevention in conjunction with state and local
public health entities. Detailed PRAMS methodology has
been previously described [18]. Briefly, PRAMS includes
a representative sample of women drawn from birth cer-
tificates from each participating site (state or territory)
and collects survey responses on demographics and
health outcomes before, during, and shortly after preg-
nancy, which are then linked with birth certificates. Each
participating site samples between 1300 and 3400 women
per year, and participating sites represent approximately
81% of all US live births.

Sample selection
We used PRAMS survey waves 2004—2019 (N=634,533).
Data prior to 2004 were excluded due to differences
in how birth certificate data were collected, and 2019
was the most recent year of data available at the start
of our analyses in March 2021. We included women
with live-born singleton births with a gestational age
of 20-44 weeks at delivery in states for which PRAMS
makes data available. The sample included women whose
pre-pregnancy weight was categorized as obese, repre-
senting the “treatment” group in the analysis described
below, and those categorized as overweight, representing
the “control” group. We excluded women with under-
weight and normal pre-pregnancy BMI, since they may
differ from women who are obese in important ways. The
final sample size was 228,500 (Fig. 1, sample flowchart).
Notably, the 2009 revised guidelines defined BMI
using categories based on the World Health Organiza-
tion (WHO) categories, while the older IOM guidelines
used categories based on the Metropolitan Life Insur-
ance tables. So that any results are not driven by changes
in the composition of the treatment and control groups
due to the changes in the definition of these categories,
we used the WHO BMI categories for observations that
occurred before and after the revision to maintain con-
sistency in the treatment and control groups [15].
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Pregnancy Risk Assessment Monitoring
System, Years 2004-2019
N =634,533

Singleton births
N =592,137

Gestation between 20 and 44 weeks
N =580,310

Woman obese or overweight
pre-pregnancy
N = 256,675

No missing covariates
N = 228,500

Fig. 1 Sample Selection. Pregnancy Risk Assessment Monitoring
System (PRAMS) dataset includes linked birth certificate and women'’s
survey responses. Main analysis was restricted to women with
live-born singleton births with a gestational age of 20-44 weeks at
delivery in states for which PRAMS makes data available and whose
pre-pregnancy weight was categorized as obese (body mass index
>30) or overweight (body mass index 25.0-29.9)

Exposure

The primary exposure was a dichotomous variable
indicating whether the pregnancy took place after the
revised IOM GWG guidelines, which were released in
May 2009. We considered pregnancies to occur dur-
ing the post-revision period if the birth occurred on or
after 1 July 2010, allowing 6 months for guidelines to
be disseminated and implemented in prenatal care and
a 9-month pregnancy. This parallels the approach in a
previous study that examined the 1990 IOM guidelines
[16]. This definition was varied in secondary analyses,
described below.
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Outcomes

We selected maternal and infant outcomes that could
be affected by changes to maternal nutrition and GWG.
Maternal outcomes included GWG (continuous, from
linked birth certificates), and gestational diabetes (binary,
from survey self-report and birth certificates).

Infant outcomes included preterm birth (PTB,
<37weeks’ gestation), low birthweight (LBW, <2500g),
very low birthweight (VLBW, <1500g), SGA, LGA, and
macrosomia (birthweight >4500g). While analyses using
continuous outcomes would improve statistical power,
PRAMS provides data on infant outcomes as categorical
variables, and we analyzed these as binary variables for
ease of interpretation.

Covariates

Potential confounders included as model covariates
were women’s age, race/ethnicity, education, marital sta-
tus, parity, Medicaid used for prenatal care, household
income in the year prior to delivery, and indicator vari-
ables for delivery year.

Analysis

First, we calculated sample characteristics for women
who were overweight or obese before and after the 2009
guidelines. Next, our analysis leveraged the fact that
the 2009 guidelines resulted in a reduction in the rec-
ommended GWG for women who are obese, but no
changes for women who are overweight (Table 1). We
therefore estimated the effects of the revised guidelines
using a difference-in-differences (DID) approach. DID is
a quasi-experimental technique well suited to examining
the effects of policies and programs while accounting for
secular (i.e., underlying longitudinal) trends in outcomes
[19, 20]. It estimates the change in the outcome in the
treatment group (in this case, women who were obese
and subject to a change in recommended GWG) before
and after the intervention, while subtracting or “differ-
encing” out the change in the outcome in the control
group (in this case, who were overweight and not subject
to a change in recommended GWG). As noted above, we
defined births to occur during the post-revision period if
they took place on or after 1 July 2010.

In practice, DID involves regressing each outcome
on an interaction term between a binary variable for
whether a pregnancy occurred before versus after the
revised guidelines, and a binary variable for whether a
woman’s pre-pregnancy BMI was categorized as over-
weight versus obese. As is standard in DID analysis, we
used multivariable linear regressions to analyze both
binary and continuous outcomes due to the differences
in the interpretation of interaction terms in non-linear
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models [21, 22]. The coefficients for binary outcomes can
therefore be interpreted as percent change in risk (i.e., a
linear probability model). See Supplemental Methods for
details.

DID assumptions

DID analysis rests on several assumptions, including the
“parallel trends” assumption that trends in the outcomes
were similar in the treatment and control groups during
the pre-revision period, and that observed effects are not
driven by differential compositional changes in the two
groups. We evaluated the validity of these assumptions
using standard techniques, described in the Supplement.

Secondary analyses

We conducted subgroup analyses to examine whether
there were heterogeneous effects by key covariates, since
it may be that different subgroups of women (or their
providers) faced structural, clinical, or personal barriers
to implementing the guidelines. To do so, we stratified
DID analyses by education, race/ethnicity, age, and par-
ity. For education, we estimated the effects separately for
high school or less and more than high school. For race/
ethnicity we combined Asian/Pacific Islander, Ameri-
can Indian/Alaskan Native, and other non-White/mixed
race individuals into a single category due to small cell
sizes that could lead to unstable estimates. To investi-
gate whether estimates from these stratified models were
statistically significantly different from one another, we
also conducted analyses including an interaction term
between the main exposure variable and each covariate
of interest.

We also conducted a secondary analysis in which we
defined a pregnancy as occurring during the post-revi-
sion period if the birth occurred on or after 1 October
2010, allowing an additional 3 months of implementation
of the guidelines into prenatal care. Additional secondary
analyses are described in the Supplement.

Results

Sample characteristics

Women who were obese were more likely to have less
education, be unmarried, be recipients of Medicaid or
Special Supplemental Nutrition Program for Women,
Infants, and Children (WIC) during pregnancy, and
have lower income compared to women who were over-
weight during the same period (Table 2). They also had
lower GWG on average, and were more likely to have
gestational diabetes and infants that were preterm, LBW,
VLBW, LGA, and macrosomic. Of note, DID assumes
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that the trends (i.e., slopes) in the outcomes, not the lev-
els, are similar.

Tests of DID assumptions

Analyses revealed that SGA, LGA, and macrosomia vio-
lated DID assumptions (eTable 1 and eFigure 2), implying
that women who were overweight were not an appropri-
ate control group for women who were obese for these
outcomes. These were therefore excluded from the
results below. Additional details on tests of DID assump-
tions are described in the Supplement.

Effects of revised IOM guidelines

In the overall sample, we were unable to rule out the null
hypothesis that the 2009 revised IOM guidelines had no
effect on GWG or gestational diabetes among women
who were obese, although the coefficient was nega-
tive in the main analysis and all other models (Table 3).
There were, however, reductions in PTB (—1.19% points,
95%CI: —1.86, —0.52), LBW (—1.38% points, 95%CI:
—2.07, —0.70), and VLBW (—1.30% points, 95%CI:
—1.68, —0.92).

Secondary analyses
Subgroup analyses demonstrated heterogeneous effects
by race/ethnicity and age (eFigures 4, 5, 6, 7 and 8). Black
women who were obese experienced reduced GWG
(—0.77% points, 95%CIl: —1.41, —0.14) and VLBW
(—2.22% points, 95%CI: —3.25, —1.18), and the latter
was statistically significantly different from the estimate
for White women (—0.88 percentage points, 95%Cl:
—1.38, —0.37). Older women who were obese experi-
enced reduced gestational diabetes risk (—1.70% points,
95%CI: —3.40, —0.01), which was statistically signifi-
cantly different from that among younger women (0.36%
points, 95%CI: —0.26, 0.98).

When we set the post period to be on or after 1 Octo-
ber 2010, results were similar to the main analysis
(Table 3).

Discussion

This study is among the first to estimate the health effects
of the 2009 IOM revised guidelines for GWG among
women who are obese, using a large multi-state data
set and a quasi-experimental design. The main analysis
showed that the 2009 guidelines had no effect on GWG
although we did observe reductions in PTB, LBW, and
VLBW.

There are several explanations for the null findings for
GWG, which are similar to previous null findings of the
effects of the 1990 IOM revised guidelines on GWG [16].
First, the results may be due to inadequate dissemination
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Table 2 Sample characteristics by revision period and pre-pregnancy weight category
Pre July 2010 Post July 2010
Overweight N =47,135 Obese Overweight Obese
N=41,913 N =70,346 N =69,826
% or Mean (SD) % or Mean (SD) % or Mean (SD) % or Mean
(SD)
Maternal Characteristics
Age, years
<25 31.7 296 235 229
25-34 51.7 54.0 58.2 59.1
35+ 16.6 164 18.3 18.0
Race/Ethnicity
White 544 532 492 464
Black 187 232 182 236
Hispanic/Latina 14.4 124 177 16.8
Asian/Pacific Islander 6.3 4.0 6.2 3.1
American Indian/Alaskan Native 44 54 39 49
Other 1.8 1.8 48 53
Education
Less than high school 14.7 14.2 11.7 11.7
High school 303 348 240 288
Some college 27.2 303 311 36.1
College or more 278 206 332 235
Married 62.8 60.3 61.2 555
Parity
Nulliparous 393 369 376 35.1
Parity 1 317 314 320 312
Parity 2+ 29.0 317 305 338
Medicaid during pregnancy 43.7 50.7 44.7 536
Annual household income > $50,000° 444 374 439 352
WIC during pregnancy 474 558 44.7 535
Maternal Outcomes
Gestational weight gain, Ibs 296 (14.7) 24.0(15.8) 29.9(15.4) 24.1(17.0)
Gestational diabetes 11.6 183 114 18.1
GWG within IOM recommendation 288 273 26.2 248
Infant Outcomes
Preterm birth 216 254 17.1 19.8
Low birthweight 242 278 184 20.7
Very low birthweight 6.0 86 36 49
Small for gestational age 14.5 14.8 133 12.7
Large for gestational age 11.0 135 10.8 14.0
Macrosomia 1.3 2.1 1.3 19

Sample was drawn from PRAMS participating states from 2004 to 2019 and included women with live-born singleton births with a gestational age of 20-44 weeks at
delivery and whose pre-pregnancy weight was categorized as obese (BMI> 30.0) or overweight (BMI 25.0-29.9)

Abbreviations: BMI Body mass index, GWG Gestational weight gain, IOM Institute of Medicine, PRAMS Pregnancy Risk Assessment Monitoring System, WIC Special
Supplemental Nutrition Program for Women, Infants, and Children

? Inflation adjusted to 2018 US dollars

of the 2009 guidelines. For example, a study examin-
ing clinicians’ knowledge of the 2009 guidelines nearly a
year after their release found that more than 50% were

unaware of the new guidelines and only 2.3% correctly
identified the BMI cutoffs and recommended GWG [23].
This could prevent clinicians from providing adequate
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Table 3 Effect of 2009 IOM revised GWG guidelines on maternal
and infant outcomes

Effect of IOM Revised Guidelines

(95% ClI)
Main Analysis: Post Secondary
Period July 2010 analysis: Post
Period
October 2010
Gestational weight gain, Ibs —0.20 —0.19
(—047,0.07) (—0.46,0.08)
Gestational diabetes 0.09 0.32
(—0.50, 0.68) (—0.27,0.90)
Preterm birth —1.19* —1.27*%
(—1.86, —0.52) (—1.94, —061)
Low birthweight —1.38* —1.46*%
(=2.07,—0.70) (—2.14,—-78)
Very low birth weight —1.30* —1.32%
(=168, —092) (—=1.69,—0.95)

Values in table represent the coefficients on the interaction term between a
binary variable for whether a pregnancy occurred during the post-period (i.e., on
or after July 2010) and a binary variable for whether a woman'’s pre-pregnancy
body mass index was categorized as overweight versus obese. Coefficients for
binary outcomes were multiplied by 100 and therefore represent a change in
percentage points. Analysis involved multivariable linear models (i.e., linear
probability models for binary outcomes). Covariates included women'’s age,
race/ethnicity, education, marital status, insurance for prenatal care, parity,
household income in the year prior to delivery, and delivery year

Abbreviations: GWG Gestational weight gain, IOM Institute of Medicine
*p<0.05

BMI-specific counseling on recommended GWG. Alter-
nately, studies in the US and abroad consistently showed
an increase in the prevalence of women who were over-
weight and obese during the pre-pregnancy period and
an increase in excess GWG from 2009 to 2018, sug-
gesting that underlying secular trends driven by other
factors may have worked against the IOM recommenda-
tions [24-26]. Relatedly, recent work has also found that
adherence to the 2009 guidelines is generally low, with
only about one-third of women having GWG within the
recommended guidelines [27]. Knowledge of GWG rec-
ommendations, pre-pregnancy weight status, and adi-
posity-related risks during pregnancy is especially low
among women of low socioeconomic status, which could
also lead to (or be caused by) obstacles in communication
with providers [28].

Even if awareness of the guidelines were greater, inter-
ventions to prevent excess GWG particularly among
women who are overweight or obese have mostly been
unsuccessful [12, 29, 30]. One reason may be that preg-
nant patients with a higher BMI report more negative
healthcare experiences that lead some patients to avoid or
delay care, which could prevent them from receiving ade-
quate advice on nutrition and GWG [31]. Furthermore,
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obese and overweight women are more likely to receive
advice on GWG, although they are also more likely to
be told incorrect GWG targets [32, 33]. Alternately, it
may be that it is particularly difficult for women who are
obese to alter their GWG given the narrow window of
pregnancy and other structural and pre-existing behavio-
ral challenges. Unfortunately, PRAMS does not ask about
GWG knowledge, health behaviors, or these types of
healthcare interactions, so we are unable to assess these
possible mediating pathways.

Other types of upstream policies and programs may
be more effective at addressing GWG and downstream
perinatal outcomes. For example, revisions to improve
the healthfulness of WIC food packages have improved
dietary quality during pregnancy and improved perinatal
health outcomes including GWG [34-36]. The Earned
Income Tax Credit (EITC), the largest U.S. poverty allevi-
ation program, has also been linked to improvements in
maternal and infant health [37-41]. These programs are
comprehensive and concrete, providing food vouchers
and nutritional education in the case of WIC and finan-
cial support in the case of the EITC.

On the other hand, this study demonstrated improve-
ments in infant outcomes. While we had hypothesized
that the main pathway through which the revised guide-
lines would impact infant outcomes would have been
improved GWG, there may be other pathways. For exam-
ple, the guidelines could have led to an improvement in
diet and exercise or more frequent healthcare visits that
could have led to improvements in infant outcomes. The
IOM committee also recommended more studies on die-
tary intake, physical activity, and other factors that might
affect maternal and infant health. Given that women who
are obese may also be at risk for other health conditions
and may receive more counseling on nutrition and health
behaviors, this may have contributed to improvements
in infant health. Unfortunately, PRAMS does not con-
sistently include variables during our study period that
capture these possible mediating pathways; this can be a
topic for future research in other data sets.

Meanwhile, subgroup analyses in this study dem-
onstrated inconsistent results. While most subgroup
analyses were null, Black women who were obese had
statistically significantly lower VLBW after the 2009
guidelines compared with White women, and older
women had lower risk of gestational diabetes compared
to younger women. Minority women, and in particular
Black women, are more likely to have lower GWG com-
pared to White women [42, 43], although the risk is not
significantly different for Black obese and overweight
women compared with White women [42]. With respect
to age, excess GWG has been associated with obe-
sity later in life [44] while the observed reduced risk for
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diabetes among women who are older and obese may be
the result of closer prenatal care.

Our study has several strengths and limitations. In
terms of strengths, we employed a quasi-experimen-
tal method and a large serial cross-sectional national
data set to examine an important national set of guide-
lines that have the potential to impact at-risk pregnant
women. The large geographically diverse sample cover-
ing several states reduces the possibility that the analysis
is underpowered and makes results more generalizable.
In terms of limitations, there may be measurement error
or reporting biases for the exposure or for covariates
that were self-reported. For example, while GWG was
captured on the birth certificate, pre-pregnancy BMI
was calculated from the PRAMS questionnaire which
occurred on average two months after birth. Similarly,
some studies suggest that there is differential misclassifi-
cation of pre-pregnancy BMI, although others show that
self-report pre-pregnancy weight are in general accurate
measures [45, 46]. There is also a possibility that con-
founding by other polices/practices co-occurring with
the IOM guidelines may explain the improvements in
infant outcomes. In other words, there may be factors
that influence the outcomes among the treatment group
of obese women differentially than the control group of
overweight women. This is a limitation of all DID anal-
yses. One analysis that we did to address this involved
conducting the analysis separately for WIC recipients
and non-recipients, given that revisions to WIC also
occurred in 2009 and WIC recipients are more likely to
be obese, and found that this policy did not contribute to
confounding (see eFigure 8 and Supplement); however,
confounding by other unmeasured contemporaneous
events may still be possible, as with any DID analysis.

Conclusions

This evaluation of a 2009 revision to the IOM guide-
lines for GWG suggests that the new guidelines did not
have an effect on GWG or gestational diabetes. This
may be due to lack of awareness among providers and
expectant mothers or because of difficulties in changing
GWG in such a short timeframe among obese women.
The new guidelines were also associated with improve-
ments in downstream infant outcomes, and future
work could examine the potential mechanisms that
could have contributed to those improvements in the
absence of a change in GWG. This study highlights the
need to formulate other interventions to improve GWG
and downstream perinatal health beyond the current
recommendations.
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Abbreviations
BMI Body mass index
DID Difference-in-differences
EITC Earned Income Tax Credit
GWG Gestational weight gain
HDP Hypertensive disorders in pregnancy
IOM Institute of Medicine
LBW Low birthweight
LGA Large-for-gestational-age
PRAMS Pregnancy Risk Assessment Monitoring System
PTB Preterm birth
SGA Small-for-gestational-age
VLBW Very low birthweight
WIC Special Supplemental Nutrition Program for Women, Infants, and
Children

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512884-023-05425-8.

[ Additional file 1. }

Acknowledgements

The authors wish to acknowledge the CDC PRAMS Working Group: Tam-

mie Yelldell, MPH (Alabama); Kathy Perham-Hester, MS, MPH (Alaska); Enid
Quintana-Torres, MPH (Arizona); Letitia de Graft-Johnson, DrPH, MHSA (Arkan-
sas); Ashley Juhl, MSPH (Colorado); Jennifer Morin, MPH (Connecticut); George
Yocher, MS (Delaware); Fern Johnson-Clarke, PhD (District of Columbia); Tara
Hylton, MPH (Florida); Fay Stephens (Georgia); Matt Shim, PhD, MPH (Hawaii);
Julie Doetsch, MA (lllinois); Brittany Reynolds, MPH (Indiana); Jennifer Pham
(lowa); Lisa Williams (Kansas); Tracey D. Jewell, MPH (Kentucky); Rosaria Trichilo,
MPH (Louisiana); Virginia Buchanan, LMSW (Maine); Laurie Kettinger, MS (Mary-
land); Hafsatou Diop, MD, MPH (Massachusetts); Peterson Haak (Michigan);
Mira Grice Sheff, PhD, MS (Minnesota); Brenda Hughes, MPPA (Mississippi);
Venkata Garikapaty, PhD (Missouri); Miriam Naiman-Sessions, PhD, MPH (Mon-
tana); Jessica Seberger (Nebraska); Tami M. Conn (Nevada); David J. Laflamme,
PhD, MPH (New Hampshire); Sharon Smith Cooley, MPH (New Jersey); Sarah
Schrock, MPH (New Mexico); Anne Radigan (New York State); Lauren Birnie,
MPH (New York City); Kathleen Jones-Vessey, MS (North Carolina); Grace Njau,
MPH (North Dakota); Ayesha Lampkins, MPH, CHES (Oklahoma); Cate Wilcox,
MPH (Oregon); Sara Thuma, MPH (Pennsylvania); Wanda Hernandez, MPH
(Puerto Rico); Karine Tolentino Monteiro, MPH (Rhode Island); Harley T. Davis,
PhD, MPSH (South Carolina); Maggie Minett (South Dakota); Tanya Guthrie,
PhD (Texas); Ransom Wyse, MPH, CPH (Tennessee); Nicole Stone, MPH (Utah);
Peggy Brozicevic (Vermont); Kenesha Smith, PhD, MSPH (Virginia); Linda Loh-
definck (Washington); Melissa Baker, MA (West Virginia); Fiona Weeks, MSPH
(Wisconsin); Lorie Chesnut, PhD (Wyoming); CDC PRAMS Team, Women'’s
Health and Fertility Branch, Division of Reproductive Health.

Authors’ contributions

RH conceived of the study and obtained the data; DFC led the analysis; RP

contributed to the analysis; DFC produced the first draft of the manuscript;
DFC, RP, and RH revised the manuscript critically for intellectual content; all
authors approved of the final version submitted for publication.

Funding
No funding to report.

Availability of data and materials

The data that support the findings of this study are available from PRAMS and
researchers may submit a proposal to PRAMS for access to the data (https://
www.cdc.gov/prams/prams-data/researchers.htm).

Declarations

Ethics approval and consent to participate
Ethical approval for this study was provided by the UCSF Institutional Review
Board (protocol #18-26719). All experiments were performed in accordance


https://doi.org/10.1186/s12884-023-05425-8
https://doi.org/10.1186/s12884-023-05425-8
https://www.cdc.gov/prams/prams-data/researchers.htm
https://www.cdc.gov/prams/prams-data/researchers.htm

Collin et al. BMC Pregnancy and Childbirth (2023) 23:118

with relevant guidelines and regulations (such as the Declaration of Helsinki).
This study involved analysis of existing data originally collected by the
Pregnancy Risk Assessment Monitoring System (PRAMS). The PRAMS team
obtained informed consent from all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 10 October 2022 Accepted: 3 February 2023
Published online: 17 February 2023

References

1. Khanolkar AR, Hanley GE, Koupil |, Janssen PA. 2009 IOM guidelines for
gestational weight gain: how well do they predict outcomes across
ethnic groups? Ethnicity Health. 2020;25(1):110-25.

2. Johnson J, Clifton RG, Roberts JM, Myatt L, Hauth JC, Spong CY, et al.
Pregnancy outcomes with weight gain above or below the 2009 Institute
of Medicine guidelines. Obstet Gynecol. 2013;121(5):969-75.

3. Margerison-Zilko CE, Shrimali BP, Eskenazi B, Lahiff M, Lindquist AR,
Abrams BF. Trimester of maternal gestational weight gain and off-
spring body weight at birth and age five. Matern Child Health J.
2012;16(6):1215-23.

4. Flegal KM, Graubard BI, Williamson DF, Gail MH. Excess deaths associated
with underweight, overweight, and obesity. JAMA. 2005,;293(15):1861-7.

5. Baran J, Weres A, Czenczek-Lewandowska E, Leszczak J, Kalandyk-Osinko
K, tuszczki E, et al. Excessive gestational weight gain: long-term conse-
quences for the child. J Clin Med. 2020;9(12):3795.

6. Bodnar LM, Siega-Riz AM, Simhan HN, Himes KP, Abrams B. Severe obe-
sity, gestational weight gain, and adverse birth outcomes. Am J Clin Nutr.
2010,91(6):1642-8.

7. Dietz PM, Callaghan WM, Cogswell ME, Morrow B, Ferre C, Schieve
LA. Combined effects of prepregnancy body mass index and weight
gain during pregnancy on the risk of preterm delivery. Epidemiology.
2006;17(2):170-7.

8. Drake AJ, Reynolds RM. Impact of maternal obesity on offspring obesity
and cardiometabolic disease risk. Reproduction. 2010;140(3):387-98.

9. Faucher MA, Barger MK. Gestational weight gain in obese women by
class of obesity and select maternal/newborn outcomes: a systematic
review. Women Birth. 2015;28(3):e70-9.

10. CDC: Adult obesity facts | Overweight & Obesity | CDC. 2021.

11. Driscol AK, Gregory EC. Increases in pregnancy obesity: United States,
2016-2019. In: NCHS Data Brief. Hyattsville: National Center for Health
Statistics; 2020.

12. Olson CM, Strawderman MS, Reed RG. Efficacy of an intervention
to prevent excessive gestational weight gain. Am J Obstet Gynecol.
2004;191(2):530-6.

13. Phelan S, Phipps MG, Abrams B, Darroch F, Schaffner A, Wing RR. Rand-
omized trial of a behavioral intervention to prevent excessive gestational
weight gain: the fit for delivery study. Am J Clin Nutr. 2011,93(4):772-9.

14. Institute of Medicine. Nutrition during pregnancy: part I, weight gain:
part Il, nutrient supplements. In: Edited by Medicine lo. Washington, DC:
USA Institute of Medicine; 1990.

15. Institute of Medicine, Council NR. Weight gain during pregnancy: reex-
amining the guidelines. Washington, DC: The National Academies Press;
20009.

16. Hamad R, Cohen AK, Rehkopf DH. Changing national guidelines is not
enough: the impact of 1990 IOM recommendations on gestational
weight gain among US women. Int J Obes. 2016;40(10):1529-34.

17. Johnson JL, Farr SL, Dietz PM, Sharma AJ, Barfield WD, Robbins CL. Trends
in gestational weight gain: the pregnancy risk assessment monitoring
system, 2000-2009. Am J Obstet Gynecol. 2015;212(6):806.e801-8.

18. Shulman HB, D'’Angelo DV, Harrison L, Smith RA, Warner L. The pregnancy
risk assessment monitoring system (PRAMS): overview of design and
methodology. Am J Public Health. 2018;108(10):1305-13.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

Page 8 of 9

Basu S, Meghani A, Siddigi A. Evaluating the health impact of large-scale
public policy changes: classical and novel approaches. Annu Rev Public
Health. 2017;38:351-70.

Dimick JB, Ryan AM. Methods for evaluating changes in health care pol-
icy: the difference-in-differences approach. JAMA. 2014;312(22):2401-2.
Karaca-Mandic P, Norton EC, Dowd B. Interaction terms in nonlinear
models. Health Serv Res. 2012;47(1 Pt 1):255-74.

Athey S, Imbens GW. Identification and inference in nonlinear difference-
in-differences models. Econometrica. 2006;74(2):431-97.

Moore Simas TA, Waring ME, Sullivan GM, Liao X, Rosal MC, Hardy JR,
et al. Institute of medicine 2009 gestational weight gain guideline
knowledge: survey of obstetrics/gynecology and family medicine
residents of the United States. Birth. 2013;40(4):237-46.

Rogozinska E, Zamora J, Marlin N, Betran AP, Astrup A, Bogaerts A, et al.
Gestational weight gain outside the Institute of Medicine recommen-
dations and adverse pregnancy outcomes: analysis using individual
participant data from randomised trials. BMC Pregnancy Childbirth.
2019;19(1):322.

Martinez-Hortelano JA, Cavero-Redondo |, Alvarez-Bueno C, Garrido-
Miguel M, Soriano-Cano A, Martinez-Vizcaino V. Monitoring gestational
weight gain and prepregnancy BMI using the 2009 IOM guidelines in
the global population: a systematic review and meta-analysis. BMC
Pregnancy Childbirth. 2020;20(1):649.

Goldstein RF, Abell SK, Ranasinha S, Misso M, Boyle JA, Black MH,

et al. Association of Gestational Weight Gain with Maternal and

Infant Outcomes: a systematic review and Meta-analysis. JAMA.
2017;317(21):2207-25.

Simas TA, Liao X, Garrison A, Sullivan GM, Howard AE, Hardy JR.
Impact of updated Institute of Medicine guidelines on prepregnancy
body mass index categorization, gestational weight gain recom-
mendations, and needed counseling. J Women's Health (Larchmt).
2011;20(6):837-44.

Ledoux T, Van Den Berg P, Leung P, Berens PD. Factors associated with
knowledge of personal gestational weight gain recommendations.
BMC Res Notes. 2015;8:349.

Polley BA, Wing RR, Sims CJ. Randomized controlled trial to prevent
excessive weight gain in pregnant women. Int J Obes Relat Metab
Disord. 2002;26(11):1494-502.

Wolff S, Legarth J, Vangsgaard K, Toubro S, Astrup A. A randomized
trial of the effects of dietary counseling on gestational weight gain
and glucose metabolism in obese pregnant women. Int J Obes.
2008;32(3):495-501.

Phelan SM, Burgess DJ, Yeazel MW, Hellerstedt WL, Griffin JM, van Ryn M.
Impact of weight bias and stigma on quality of care and outcomes for
patients with obesity. Obes Rev. 2015;16(4):319-26.

Stengel MR, Kraschnewski JL, Hwang SW, Kjerulff KH, Chuang CH."What
my doctor Didn't tell me”: examining health care provider advice to
overweight and obese pregnant women on gestational weight gain and
physical activity. Womens Health Issues. 2012;22(6):e535-40.

Weeks A, Liu RH, Ferraro ZM, Deonandan R, Adamo KB. Inconsistent
weight communication among prenatal healthcare providers and
patients: a narrative review. Obstet Gynecol Survey. 2018;73(8):423-32.
Hamad R, Batra A, Karasek D, LeWinn KZ, Bush NR, Davis RL, et al. The
impact of the revised WIC food package on maternal nutrition during
pregnancy and postpartum. Am J Epidemiol. 2019;188(8):1493-502.
Zenk SN, Powell LM, Odoms-Young AM, Krauss R, Fitzgibbon ML, Block
D, et al. Impact of the revised special supplemental nutrition program
for women, infants, and children (WIC) food package policy on fruit and
vegetable prices. J Acad Nutr Diet. 2014;114(2):288-96.

Hamad R, Collin DF, Baer RJ, Jelliffe-Pawlowski LL. Association of revised
WIC food package with perinatal and birth outcomes: a quasi-experi-
mental study. JAMA Pediatr. 2019;173(9):845-52.

Hamad R, Rehkopf DH. Poverty, pregnancy, and birth outcomes: a

study of the earned income tax credit. Paediatr Perinat Epidemiol.
2015;29(5):444-52.

Hamad R, Rehkopf DH. Poverty and child development: a longitudinal
study of the impact of the earned income tax credit. Am J Epidemiol.
2016;183(9):775-84.

Kate WS, David HR, Ziming X. Effects of prenatal poverty on infant
health: state earned income tax credits and birth weight. Am Sociol Rev.
2010;75(4):534-62.



Collin et al. BMC Pregnancy and Childbirth

40.

41.

42.

43.

44,

45.

46.

(2023) 23:118

Komro KA, Markowitz S, Livingston MD, Wagenaar AC. Effects of state-
level earned income tax credit Laws on birth outcomes by race and
ethnicity. Health Equity. 2019;3(1):61-7.

Marr C, Huang CC, Sherman A. EITC and child tax credit promote work,
reduce poverty, and support Children’s development, research finds, vol.
2017;2012.

Headen I, Mujahid MS, Cohen AK, Rehkopf DH, Abrams B. Racial/ethnic
disparities in inadequate gestational weight gain differ by pre-pregnancy
weight. Matern Child Health J. 2015;19(8):1672-86.

Headen IE, Davis EM, Mujahid MS, Abrams B. Racial-ethnic differences in
pregnancy-related weight. Adv Nutr. 2012;3(1):83-94.

Nehring I, Schmoll S, Beyerlein A, Hauner H, von Kries R. Gestational
weight gain and long-term postpartum weight retention: a meta-analy-
sis. Am J Clin Nutr. 2011;94(5):1225-31.

McClure CK, Bodnar LM, Ness R, Catov JM. Accuracy of maternal recall

of gestational weight gain 4 to 12 years after delivery. Obesity (Silver
Spring). 2011;19(5):1047-53.

Hinkle SN, Sharma AJ, Schieve LA, Ramakrishnan U, Swan DW, Stein AD.
Reliability of gestational weight gain reported postpartum: a comparison
to the birth certificate. Matern Child Health J. 2013;17(4):756-65.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	The effect of the 2009 revised U.S. guidelines for gestational weight gain on maternal and infant health: a quasi-experimental study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Data
	Sample selection
	Exposure
	Outcomes
	Covariates
	Analysis
	DID assumptions
	Secondary analyses

	Results
	Sample characteristics
	Tests of DID assumptions
	Effects of revised IOM guidelines
	Secondary analyses

	Discussion
	Conclusions
	Acknowledgements
	References




