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Abstract

The prevailing guidelines of the Institute of Medicine (IOM) of United States on gestational
weight gain (GWG) are based on women’s prepregnancy body mass index (BMI) catego-
ries. Previous research has shown that the guidelines issued in 1990 and revised in 2009
had no effect. We investigate the effectiveness of new guidelines issued in 2009 analyzing
the records of all singleton births in the U.S. during 2011-2019 (34.0 million observations).
We use the discontinuity in recommended guidelines at the threshold values of BMI catego-
ries in a regression discontinuity (RD) research design to investigate the effect of IOM guide-
lines on GWG. We also use an RD analysis in a difference in difference (DID) framework
where we compare the effect on women who had any prenatal care to others who did not
receive prenatal care. The naive RD estimator predicts an effect in the expected direction at
the threshold BMI values of 18.5 and 25.0 but not at 30.0. After the DID based correction,
the RD analyses show that the GWG, measured in kg, drop at the BMI values of 18.5, 25.0
and 30.0 by 0.189 [CI: 0.341, 0.037], 0.085 [CI: 0.179, -0.009] and 0.200 [CI: 0.328, 0.072]
respectively when the midpoint of the recommended range in kg drops by 1.5, 4.5 and 2.25.
This implies a responsiveness of 12.6%, 1.9% and 8.9% respectively to changes in guide-
lines at these BMI values. The findings show that the national guidelines have induced
some behavioral changes among US women during their pregnancy resulting in a change in
GWG in the expected direction. However, the magnitude of the change has not been large
compared to the expectations, implying that the existing mechanisms to implement these
guidelines have not been sufficiently strong.

Introduction

Improving the well-being of mothers, infants, and children is an important public health goal.
Over the past half century, the guidance provided to women before, during, and after preg-
nancy to achieve this goal has changed dynamically when public health trends change. A posi-
tive relationship between gestational weight gain (GWG) and birth weight was identified in a
report Maternal Nutrition and the Course of Pregnancy published by the Committee on
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Maternal Nutrition of National Research Council (NRC) in 1970 which recommended an
average GWG of 20-25 pounds (9.1-11.3 kg) against the previous recommendation of 10-14
pounds (4.5-6.4 kg) [1]. During the 20 years since publishing this report, several additional
studies enhanced the existing knowledge on the effect of nutrition during pregnancy and the
perinatal period [2, 3]. During the same period, the Supplemental Food Program for Women,
Infants, and Children (WIC) was established in the U.S. Department of Agriculture as a per-
manent program with the aim of improving the health of pregnant mothers, infants, and chil-
dren. During the period from 1971 to 1980, mean birth weight increased by approximately 60g
for whites and 30g for blacks, prevalence of low birth weight was reduced by about 20% for
whites and 7% for blacks, and the prevalence of high birth weight increased by 30% for whites
and by 15% for blacks, probably due to increased prepregnancy weight, increased height,
decreased smoking during pregnancy, increased participation in the WIC program, and earlier
prenatal care [4]. These changes in birth outcomes motivated the revised IOM guidelines
introduced in 1990, which were based on BMI categories (underweight, normal weight, over-
weight, and obese) unlike the then existed uniform guidelines (see Table 1).

Trends in pregnancy and birth related outcomes continued to change during the 19 years
after introducing the 1990 guidelines. The population of U.S. women of childbearing age
became more diverse while the average age of a pregnant woman increased. The percentage of
women who were overweight or obese when entering pregnancy increased gradually. These
trends and newer research prompted to revise the 1990 guidelines and issue new guidelines in
2009. The 2009 IOM guidelines for singleton births which are still in use are presented in
Table 1, together with 1970 and 1990 guidelines [5].

The new guidelines also were based on BMI categories, like the previous guidelines. The
main difference between the guidelines issued in 1990 and 2009 was on how BMI categories
were defined. The cutoff points used to separate the four BMI categories in 1990 corresponded
to 90%, 120%, and 135% of the weight-for-height standards prepared by the Metropolitan Life
Insurance Company and most widely used in the US at that time [6]. A few years after issuing
the 1990 IOM recommendations, the World Health Organization (WHO) introduced a differ-
ent set of cutoff points to define BMI categories which were subsequently endorsed by the
National Institutes of Health [7, 8]. The BMI categories of WHO were widely used in the US
and internationally by the time when 2009 IOM recommendations were prepared, and the
new guidelines were based on those categories. The recommendation for underweight, normal
weight and overweight categories in 2009 were the same as those prevailed since 1990 but the

Table 1. IOM guidelines for women with singleton fetuses since 1970.

Prepregnancy BMI (kg/m?)
During 1970-2009

All BMI categories
During 1990-2009

< 19.7 (underweight)
19.8-26.0 (normal weight)
26.1-30.0 (overweight)

> 29.1 (obese)

From 2009

< 18.4 (underweight)
18.5-24.9 (normal weight)
25.0-29.9 (overweight)

> 30.0 (obese)

https://doi.org/10.1371/journal.pgph.0000815.t001

Recommended GWG in Ibs. Recommended GWG in kg
20-25 9.1-11.3

28-40 12.5-18.0

25-35 11.5-16.0

15-25 7.0-11.5

>15.0 >6.8

28-40 12.5-18.0

25-35 11.5-16.0

15-25 7.0-11.5

11-20 5.0-9.0
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cutoff point between the first two categories was shifted from 19.8 to 18.5 and the cutoff point
separating the next two categories was shifted from 26.0 to 25.0. The lower limit of the obese
category was moved from 29.0 to 30.0. In addition, the recommended range of GWG for that
category was changed to 11-20 pounds from the previous recommendation of over 15 pounds
with no upper limit.

When the 2009 IOM guidelines were prepared, the effect of GWG on a broad spectrum of
outcomes including pregnancy and birth outcomes, neonatal outcomes, postpartum outcomes
as well as the long-term health consequences affecting both mother and the child were consid-
ered. Increases in body weight during pregnancy involve both maternal components including
RBC mass, body water, fat, and uterine and breast tissue; and the products of conception, the
fetus, placenta, and amniotic fluid [9]. Maternal components contribute to approximately 65%
of GWG; the rest is products of conception [10]. Changes in body weight, fat mass, and fat-
free mass during pregnancy reflect changes in maternal nutritional status throughout this
nutritionally challenging period [10, 11]. Maternal prepregnancy weight and GWG are strong
predictors of intrauterine growth and birth weight which influences the growth and survival of
an infant [12]. The multifaceted process of transmitting a woman’s dietary intake during preg-
nancy towards the birth weight of an infant is moderated through GWG patterns [11].

The effectiveness of IOM guidelines depends crucially on the adherence to these guidelines
by pregnant women. Recognizing this, the IOM/NRC committee recommended ways to pro-
mote adoption of these GWG guidelines through consumer education, strategies to assist prac-
titioners, and public health strategies [5]. In 2013, IOM and NRC published implementation
guidelines for their 2009 GWG recommendations which prescribed practitioners to record
prepregnancy BMI, chart weight gain throughout pregnancy, share the results with the patient
and provide counselling, among other things [13].

The IOM guidelines introduced in 2009 have been adopted by many other countries even
though the report explicitly mentioned that they are intended for use among women in the
United States. A comparative study of national GWG guidelines published in 2012 found that
the guidelines of about half of the countries they studied were similar to 2009 IOM guidelines
[14]. Benefits of following these guidelines are documented for US women and infants as well
as for populations outside the US [15-19]. Despite the wider acceptance of these guidelines
among researchers and medical practitioners, its acceptance within the targeted audience, the
pregnant women, has not been satisfactory as indicated by the low rate of compliance with
these guidelines. A meta-analysis based on more than 1.3 million women in 23 studies found
that only 30% of women in the respective samples had a GWG within the ranges of IOM rec-
ommendations [16]. Data from US birth records confirm this number. A part of the problem
could be due to weaknesses in implementing these guidelines. Some researchers have pointed
out that the existing system of healthcare delivery does not always adhere to evidence based
best practice guidelines [20-22]. According to one study, healthcare providers typically pro-
vide GWG information early in pregnancy, but not again unless there is a concern [23]. In
addition, a review of recent literature on GWG highlights many inconsistencies in the inter-
pretation and application of 2009 IOM guidelines [24]. Even if the existing healthcare delivery
system is efficient, inducing behavioral changes that would impact GWG through guidelines
alone is not an easy task. At the first place, behaviors of a women influencing her GWG such
as calory intake and physical exercise is a utility maximizing combination of choices from a
behavioral economic perspective and may not necessarily reflect a knowledge gap. A recom-
mendation, unlike a financial incentive or a penalty, can alter behaviors only when there is a
knowledge gap due to an information asymmetry. Therefore, the adherence to a guideline is
not guaranteed even when a woman is fully aware of the evidence-based benefits.

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0000815  July 21, 2022 3/13


https://doi.org/10.1371/journal.pgph.0000815

PLOS GLOBAL PUBLIC HEALTH The impact of IOM recommendations on gestational weight gain

In this study, we use US birth records during 2001-2019 to investigate the effectiveness of
2009 IOM guidelines. The only existing work with a comprehensive evaluation of IOM guide-
lines on GWG is Hamad, Cohen and Rehkopf (2016), HCR hereafter [25]. Using a quasi-
experimental study HCR show that 1990 IOM guidelines on GWG had no effect on pregnant
women. No study has evaluated the effectiveness of IOM guidelines after the 2009 revision in a
broader way as HCR analyzed the 1990 guidelines. That study, however, is based on a sample
of 4,173 women (7,442 pregnancies) from the National Longitudinal Survey of Youth who
self-reported their GWG for pregnancies during 1979-2000. Their main identification strategy
is based on the discontinuity in recommended GWG resulted from the introduction of new
guidelines in July 1991. In other words, they investigate whether there is any discrete change
in average GWG before and after implementing 1990 guidelines in a regression discontinuity
(RD) framework. The authors also use a difference-in-difference (DID) strategy which also
relies on the difference before and after implementing the guidelines. A limitation of this
approach is that the identification strategy fails if the policy change diffused to practitioners
and patients slowly and the new recommendation was not implemented across US at the same
time in July 1991.

One of the key observations when the IOM guidelines were introduced in 2009 was that the
data sources then available were inadequate for studying national trends in GWG. The IOM/
NRC committee recommended all states to adopt the revised version of the birth certificate,
which includes fields for maternal prepregnancy weight, height, delivery weight and weight at
delivery, and gestational age. This recommendation was followed subsequently, and the details
are available for all births registered in the US since 2011. We use records of all singleton births
in the US during 2011-2019 for our analysis. This amounts to 34.0 million observations repre-
senting 10.3% of the current US population. We utilize this data to see a more accurate and
detailed picture of the effect of 2009 IOM guidelines on GWG. This is the first comprehensive
study to investigate the effectiveness of prevailing IOM guidelines on GWG of US women.
Unlike an analysis based on a representative sample survey, our analysis is free from sampling
bias for the population it represents, and the large sample size allows us to accurately identify
even a smaller effect. Ours also is a RD based identification strategy as HCR. However, we use
discontinuity in recommended GWG at the cutoffs separating the BMI categories, rather than
the discontinuity at the date of implementing these guidelines.

Materials and methods

Dataset

All analyses presented here are based on 2011-2019 public use US birth data files available at
the Vital Statistics Online Data Portal of the National Center for Health Statistics. The com-
bined full dataset includes the details contained in 35,229,670 birth records representing 10.7%
0f 2019 US population. Our analyses are based on 34,021,301 singleton births which represent
96.6% of these records.

Measures

The two measures of interest in our study are prepregnancy BMI and GWG. Both these mea-
sures have been derived using the information about maternal prepregnancy weight, delivery
weight, and height. US national standard birth certificate did not include information on
maternal prepregnancy weight and height prior to the 2003 revision [26]. It was recommended
during the 2003 revision of US national standard birth certificate that prepregnancy weight (in
pounds) and height (in feet and inches) be collected at the time of delivery. The exact question
asked about prepregnancy weight is “What was your prepregnancy weight, that is, your weight
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immediately before you became pregnant with this child?”. Information on prepregnancy
weight and height are collected from the self-reported Mother’s Worksheet [27]. Weight at
delivery is collected directly from the medical record using the Facility Worksheet [28]. GWG
was derived from mother’s prepregnancy weight and mother’s weight at delivery and con-
verted to grams. Prepregnancy BMI was derived from mother’s prepregnancy weight and
height as, mother’s pre-pregnancy weight in pounds x 703/ (mother’s height in inches)?
rounded to one decimal place [29]. Other confounding variables we use in our study also were
based on self-reported information in Mother’s Worksheet.

The RD approach

The 2009 IOM guidelines have three thresholds at the BMI values of 18.5, 25.0 and 30.0 when
BMI categories change (Table 1). At each of these threshold values the upper bound of the rec-
ommended range in kg drops by 2.0, 4.5 and 2.5; lower bound drops by 1.0, 4.5 and 2.0; and
the midpoint drops by 1.5, 4.5 and 2.25 as shown in Fig 1. The idea behind the RD approach is
that the relationship between GWG (outcome variable) and prepregnancy BMI value (rating
variable) could potentially change at the BMI values equal to 18.5, 25.0 and 30.0 (the threshold
values) because of IOM guidelines but for no other reason. Therefore, any changes in GWG at
one of these threshold values can be interpreted as the causal effect of IOM guidelines in GWG
at that value.

The first step of any RD analysis is the visual inspection of data to identify the nature of the
relationship between the outcome variable and the rating variable including any clearly visible
shift in the value of the outcome at the threshold values. We noticed a clear and consistent neg-
ative relationship between the two variables; average GWG drops with prepregnancy BMI in
its entire range. Moreover, this relationship was non-linear. However, we did not observe any

45

0 o
13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69

Prepregnancy BMI (kg/m2)
o Mean GWG ==—|OM Guidelines

Fig 1. Average GWG at each value of prepregnancy BMI and IOM guidelines.
https://doi.org/10.1371/journal.pgph.0000815.9001
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Table 2. Change in GWG at the cutoffs between BMI categories.
Cutoff value (kg/mz) Mean GWG below cutoff (kg)® | Mean GWG above cutoff (kg)b Mean difference (kg)“

18.5 14.972 14.826 -0.146*** (16.650)
25.0 14.610 14.515 -0.094"** (14.831)
30.0 12.817 12.497 -0.320"** (33.643)
Notes

* Based on a range within 1 unit below each cutoff.

" Based on a range within 1 unit above each cutoff including the cutoff value.
© t-statistics are within parenthesis

*p<0.1

*p<0.05

#p<0.01.

https://doi.org/10.1371/journal.pgph.0000815.t002

clearly visible shift in outcome at any of the three threshold values. Therefore, we moved to
test whether the mean of the outcome is statistically different before and after the cutoff value
in its local neighborhood. For that purpose, the mean GWG within a unit (in kg/m?) below
each BMI cutoff was t-tested against the mean GWG within a unit above each BMI cutoff. The
results presented in Table 2 indicate that the means are statistically different, implying a possi-
ble change at the cutoffs in response to the guidelines. The mean differences were -0.146,
-0.094 and -0.350kg, respectively, around the cutoff values of 18.5, 25.0 and 30.0. However,
these differences may represent the general trend in the relationship between the rating vari-
able and the outcome variable, not necessarily a response to IOM guidelines. It also may repre-
sent differences between the two groups due to confounders.

The effect of IOM recommendations at the BMI cutoff values can be identified precisely
using a regression model which identifies the nature of the relationship between the two vari-
ables as well as any change in that relationship at the threshold values. This approach also
allows to measure the statistical accuracy of the estimated effect. In order to identify the effect
of IOM recommendations on GWG at a given threshold value, we used data belonged to each
couple of two adjacent categories. For example, the data belonged to underweight and normal
weight categories were used to measure the effect at the BMI value of 18.5. This allows to
model the relationship between GWG and BMI more precisely which we assumed to be qua-
dratic in each of the three local regions based on the non-linear relationship between the rating
variable (BMI value) and the outcome variable (GWG) we noticed in Fig 1. In the regression
estimates restricted to a specific range of BMI values, the assumed quadratic relationship
potentially breaks only at one value. Each regression model we estimated using OLS takes the
following form where D; is a dummy variable which takes the value 0 at the points below the
threshold and 1 at the values above the threshold.

GWG, = o+ 0D, + B,BMI, + B,BMI’ + X, + ¢, (1)

Our parameter of interest is J, the discontinuity at the cutoft point in response to each dis-
crete jump in IOM guidelines. X; is a vector of additional control variables.

The RD approach in a DID setting

In above quasi-experimental research design, we assumed there is no reason for the relation-
ship between GWG and prepregnancy BMI to break at the threshold values except for the
change in IOM guidelines. These exact thresholds determine the BMI categories of a woman.
If the identity with a specific BMI category of a woman induces any psychological effect and
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Fig 2. GWG and prepregnancy BMI with and without prenatal care.
https://doi.org/10.1371/journal.pgph.0000815.9002

thereby a behavioral change which affects GWG, our identifying assumption fails. A modified
RD research design can circumvent this problem. In this research design, we make the addi-
tional assumption that a woman is unaware of IOM guidelines if she never receives prenatal
care during her pregnancy and therefore any estimated effect using our naive RD design on
this group represents a placebo effect. The true effect of IOM guidelines on GWG net of this
placebo effect can be found by the difference in RD estimates on the group of women who
received any prenatal care and others who did not. An identified weakness in HCR, which we
also need to address, is the measurement error in self-reported anthropometric measurements
[30, 31]. If any measurement error in self-reported anthropometric measurements were due to
social desirability bias or recall bias and that bias is uncorrelated with prenatal care this DID-
based RD approach also eliminates that bias by differencing [32]. The regression equation we
estimated was the following and the parameter of interest was J.

GWG, = o+ B,D, + B,PC, + oD, * PC, + ,BMI, + B,BMI’ + y,X, + .BMI, = PC,
+ BsBMI’ x PC, + y,X*PC, + ¢, (2)

For identification, we assumed that each of the two groups have quadratic relationship
between GWG and prepregnancy BMI, an assumption justified by Fig 2. We did not assume
similarity of the two groups or a parallel trend.

Control variables

We have included age, age squared, education, marital status, race categories, smoking during
pregnancy (as a proxy for risky health behaviors) and WIC participation (as a proxy for low
household income) as controls. Sensitivity of results to each of these covariates was tested.
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Results
Sample characteristics

The mean prepregnancy BMI of women was 26.7 in the full sample, a value falls within the
overweight category. Only 3.3% of women were in underweight category while 41.3% were in
normal weight category, 24.0% were overweight, and 31.4% were obese. Overall, 29.8% of
women had a GWG within the recommended range, 51.0% were above and 20.1% were below
the recommended range. Rate of compliance with IOM guidelines decreased when prepreg-
nancy BMI increased. Other differences and similarities between BMI categories are summa-
rized in Table 3.

Regression discontinuity analyses

The naive RD estimator predicts an effect in the expected direction at the BMI values of 18.5
and 25.0 but not at 30.0. After the DID based correction, a drop in GWG was noticed at each
of the three threshold values (Table 4). The midpoint of the recommended range in kg drops
by 1.5, 4.5 and 2.25 respectively at the threshold values of 18.5, 25.0 and 30. Therefore, our esti-
mates imply a responsiveness of 12.6%, 1.9% and 8.9%, respectively, at these BMI values in
response to changes in guidelines. The results were robust (qualitatively similar) to the exclu-
sion of any or all the covariates.

Discussion

Maternal prepregnancy BMI and GWG independently increase various health risks [33]. Dur-
ing the prenatal period, pregnant women are willing to make lifestyle changes for the benefit
of their offspring and they are in close contact with their healthcare providers through routine

Table 3. Sample characteristics.

Variable (mean) Under weight Normal weight Overweight Obese

GWG (kg) 15.13 14.83 13.64 10.55
Age (years) 26.28 28.33 28.69 28.60
Education

8th grade or less 0.029 0.030 0.045 0.039
9th through 12th grade 0.158 0.103 0.110 0.116
High school graduate or GED 0.290 0.224 0.251 0.289
Some college credit 0.191 0.182 0.210 0.240
Associate degree 0.059 0.074 0.084 0.088
Bachelor’s degree 0.164 0.231 0.188 0.143
Master’s degree 0.072 0.109 0.082 0.057
Doctorate or professional degree 0.025 0.036 0.020 0.012
Married 0.495 0.606 0.570 0.534
Race

White 0.687 0.761 0.751 0.716
Black 0.140 0.118 0.159 0.207
American Indian and Alaska Native 0.007 0.007 0.010 0.013
Asian 0.140 0.089 0.053 0.031
Native Hawaiian and other Pacific Islanders 0.002 0.002 0.003 0.005
Smoked during pregnancy 0.129 0.071 0.071 0.222
WIC participation 0.451 0.350 0.416 0.407
Number of observations 1,126,929 14,059,319 8,156,377 10,678,676

https://doi.org/10.1371/journal.pgph.0000815.t003
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Table 4. Discontinuity at threshold (kg).

Threshold RD Estimates [CI] RD/DID Estimates [CI]
18.5 -0.244*** [-0.265, -0.224] -0.189** [-0.341, -0.037]
25.0 -0.020*** [-0.031, -0.009] -0.085* [-0.179, 0.009]
30.0 0.218*** [0.203, 0.233] -0.200***[-0.328, -0.072]
Note

*p<0.1

*p<0.05

***p<0.01

https://doi.org/10.1371/journal.pgph.0000815.t004

prenatal care visits [34]. Lifestyle interventions initiated during this period may yield lasting
positive benefits for both mother and the child [35, 36]. The IOM guidelines are useful for
monitoring GWG and intervene so that the risks of several adverse outcomes such as cesarean
delivery, macrosomia, preterm birth and LBW could be minimized [37]. In this study, we
examined the effect of 2009 IOM recommendations on GWG using 2011-2019 US birth rec-
ords. The dataset used has over 34 million observations and includes 10.3% of US population
in 2019. Our estimates show that the overall responsiveness to the guidelines is not very high.
At the prepregnancy BMI value of 25.0, the threshold value which separates the overweight
and normal weight categories, the responsiveness is only 1.9%.

The only previous study (HCR) which exclusively investigates the effect of IOM recommen-
dations on GWG is based on a survey data sample and covers a period before the 2009 revision
of guidelines but uses quasi experimental research designs closely related to ours [25]. They
found no statistically significant change in GWG both when the guidelines were revised in
1990 and at the BMI value which separates overweight and normal weight categories. We
found statistically significant effects at each of the threshold values separating the BMI catego-
ries. While the results can be different due to the time gap between the datasets used in two
studies, our results can easily be reconciled with HCR using the differences in research designs
and the number of observations in each dataset.

Authors of HCR explain their null findings arguing that the recommendations, probably,
were not adequately disseminated to patients and providers, citing prior research in support of
their argument [38]. This argument is also supported by the facts that implementation guide-
lines for 2009 recommendations were not published until 2013 and the American College of
Obstetricians and Gynecologists delayed endorsing these guidelines until the same year [13,
39]. Therefore, the observation that the GWG did not change immediately following the 1990
revision is no surprise. The second null finding in HCR is based on the discontinuity at the
threshold value between normal and overweight categories. While we found a significant effect
at that value, the magnitude of the effect was only 1.9% of the change in recommended range
of guidelines (0.085kg). This effect was too small to be detected using a smaller sample size.
While responsiveness to the guidelines based on our RD estimates was only 1.9% at the BMI
value of 25.0, it was 12.6% at 30.0 and 8.9% at 18.5. This implies that pregnant women have
been less likely to respond to sharp changes in recommended guidelines as at the BMI value of
25.0. Therefore, a gradual decline in recommended range of GWG with prepregnancy BMI
could be more effective in improving compliance.

While our results show a statistically significant effect of guidelines, that effect is far less
than the intended effect. Addressing this gap requires clearly identifying why the gap exists. It
has been suggested that this gap could be a result of limitations in the implementation proce-
dure and if that is the case the appropriate solution is motivating healthcare providers through
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some action. However, knowledge about a guideline alone does not guarantee compliance, a
best example is vaccine hesitancy. A woman’s prepregnancy BMI as well as the GWG is a result
of her lifestyle choices though other factors such as genetics also play a role. The only tool
available for physicians and other healthcare provides to implement IOM guidelines is patient
education but lifestyle choices are hard to change through education alone and may require
other types of interventions. A survey of pregnant women may help to understand the role of
various factors causing the gap we identify here and respond as appropriate. Only through
such a well-designed survey we can identify whether most women are unaware of the guide-
lines, they are aware but rely more on misinformation, or they simply ignore the guidelines. If
most women are aware of the guidelines and they ignore those, a survey will also help to iden-
tify the reasons underlying such behavior.

Accuracy of our estimates are limited by measurement error in data. While the delivery
weight was based on clinical records, prepregnancy weight was based on self-reports which
were subject to various sources of bias. Measuring the BMI of a women accurately at the time
of conception is challenged by the fact that over a half of pregnancies in the US are unplanned
[40]. Self-reported weight is significantly underreported and the extent of underreporting
increases with BMI, even though some research finds a higher level of agreement between self-
reported and clinical measurements [41-43]. Another clearly observable tendency was report-
ing ‘round’ numbers, multiples of five, for example [44]. Since GWG was derived using the
delivery weight and prepregnancy weight, this ‘heaping issue’ may have added systemic mea-
surement error on GWG. The measurement error in prepregnancy weight could also propa-
gate to prepregnancy BMI and thus distort the relationship between observed prepregnancy
BMI and GWG. If any bias due to this distortion has been similar among the two groups who
received prenatal care and who did not, our DID strategy may have eliminated this bias but
not if this assumption was violated.

While we found an effect of IOM guidelines on GWG, the effect was not very large com-
pared to the expectations. One of the potential reasons behind this observation is limited com-
pliance; less than 30% of women in our dataset has followed the recommendations. Future
research should focus on investigating the cost of noncompliance so that the cost of any inter-
vention to improve compliance can be justified.

Acknowledgments

We thank Anne Beeson Royalty, Mark Ottoni-Wilhelm, the academic editor and two anony-
mous referees for many helpful comments.

Author Contributions
Conceptualization: Vidhura S. Tennekoon.
Data curation: Vidhura S. Tennekoon.

Formal analysis: Vidhura S. Tennekoon.
Funding acquisition: Vidhura S. Tennekoon.
Investigation: Vidhura S. Tennekoon.
Methodology: Vidhura S. Tennekoon.

Project administration: Vidhura S. Tennekoon.
Resources: Vidhura S. Tennekoon.

Software: Vidhura S. Tennekoon.

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0000815  July 21, 2022 10/13


https://doi.org/10.1371/journal.pgph.0000815

PLOS GLOBAL PUBLIC HEALTH

The impact of IOM recommendations on gestational weight gain

Validation: Vidhura S. Tennekoon.

Visualization: Vidhura S. Tennekoon.

Writing - original draft: Vidhura S. Tennekoon.

Writing - review & editing: Vidhura S. Tennekoon.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

National Research Council. Maternal Nutrition and the Course of Pregnancy. Washington, DC:
National Academies Press; 1970.

Institute of Medicine. Preventing Low Birth weight. Report of the Committee to Study the Prevention of
Low Birth weight, Division of Health Promotion and Disease Prevention. National Academies Press,
Washington DC; 1985.

Prenatal Care: Reaching Mothers, Reaching Infants. Report of the Committee to Study Outreach for
Prenatal Care, Division of Health Promotion and Disease Prevention. National Academies Press,
Washington DC; 1988. https://nap.nationalacademies.org/catalog/731/prenatal-care-reaching-
mothers-reaching-infants

Institute of Medicine. Nutrition during pregnancy: part |, weight gain: part I, nutrient supplements. Insti-
tute of Medicine: Washington, DC, USA; 1990, Report no. 0309041384.

IOM (Institute of Medicine). Weight Gain During Pregnancy: Reexamining the Guidelines. The National
Academies Press, Washington DC; 2009.

Metropolitan Life Insurance Company. New weight standards for men and women. Stat. Bull Metropol.
Life Insur. Co. 1959; 40: 1-4.

WHO (World Health Organization). Physical status: the use and interpretation of anthropometry. Report
of a WHO Expert Committee. World Health Organization Technical Report Series. 1995; 854: 1-452.

Heart National, Lung, and Blood Institute. Clinical Guidelines on the Identification, Evaluation, and
Treatment of Overweight and Obesity in Adults. National Institutes of Health Publication 98—4083.
Washington DC: National Institutes of Health; 1998.

Pipe NG, Smith T, Halliday D, Edmonds CJ, Williams C, Coltart TM. Changes in fat, fat-free mass and
body water in human normal pregnancy. Br J Obstet Gynaecol. 1979; 86: 929-940. https://doi.org/10.
1111/j.1471-0528.1979.tb11240.x PMID: 118770

Gernand AD, Christian P, Paul RR, Shaikh S, Labrique AB, Schulze KJ et al. Maternal weight and body
composition during pregnancy are associated with placental and birth weight in rural Bangladesh. J
Nutr. 2012; 142(11): 2010-20186. https://doi.org/10.3945/jn.112.163634 PMID: 22990469

Devaki G, Shobha R. Maternal anthropometry and low birth weight: a review. Biomed Phamacol J.
2018; 11(2): 815-820.

Kelly A, Kevany J, de Onis M, Shah PMA. WHO Collaborative Study of Maternal Anthropometry and
Pregnancy Outcomes. Int J Gynaecol Obstet. 1996; 53: 219-233. https://doi.org/10.1016/0020-7292
(96)02652-5 PMID: 8793624

National Research Council. Implementing Guidelines on Weight Gain and Pregnancy. Washington DC:
The National Academies Press; 2013. https://doi.org/10.17226/18292.

Alavi N, Haley S, Chow K, McDonald SD. Comparison of national gestational weight gain guidelines
and energy intake recommendations. Obes Rev. 2013; 14(1): 68-85. https://doi.org/10.1111/j.1467-
789X.2012.01059.x PMID: 23107337

Wang L, WenL, Zheng Y, Zhou W, Mei L, Li H et al. Association between gestational weight gain and
pregnancy complications or adverse delivery outcomes in Chinese Han Dichorionic Twin Pregnancies:
Validation of the Institute of Medicine (IOM) 2009 Guidelines. Med Sci Monit. 2018; 24: 8342. https://
doi.org/10.12659/MSM.911784 PMID: 30453309

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): 2207-2225. https://doi.org/10.1001/jama.2017.3635 PMID: 28586887

Goldstein RF, Abell SK, Ranasinha S, Misso ML, Boyle JA, Harrison CL et al. Gestational weight gain
across continents and ethnicity: systematic review and meta-analysis of maternal and infant outcomes
in more than one million women. BMC Med. 2018; 16(1):1—4. https://doi.org/10.1186/s12916-018-
1128-1 PMID: 30165842

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0000815  July 21, 2022 11/13


https://nap.nationalacademies.org/catalog/731/prenatal-care-reaching-mothers-reaching-infants
https://nap.nationalacademies.org/catalog/731/prenatal-care-reaching-mothers-reaching-infants
https://doi.org/10.1111/j.1471-0528.1979.tb11240.x
https://doi.org/10.1111/j.1471-0528.1979.tb11240.x
http://www.ncbi.nlm.nih.gov/pubmed/118770
https://doi.org/10.3945/jn.112.163634
http://www.ncbi.nlm.nih.gov/pubmed/22990469
https://doi.org/10.1016/0020-7292%2896%2902652-5
https://doi.org/10.1016/0020-7292%2896%2902652-5
http://www.ncbi.nlm.nih.gov/pubmed/8793624
https://doi.org/10.17226/18292
https://doi.org/10.1111/j.1467-789X.2012.01059.x
https://doi.org/10.1111/j.1467-789X.2012.01059.x
http://www.ncbi.nlm.nih.gov/pubmed/23107337
https://doi.org/10.12659/MSM.911784
https://doi.org/10.12659/MSM.911784
http://www.ncbi.nlm.nih.gov/pubmed/30453309
https://doi.org/10.1001/jama.2017.3635
http://www.ncbi.nlm.nih.gov/pubmed/28586887
https://doi.org/10.1186/s12916-018-1128-1
https://doi.org/10.1186/s12916-018-1128-1
http://www.ncbi.nlm.nih.gov/pubmed/30165842
https://doi.org/10.1371/journal.pgph.0000815

PLOS GLOBAL PUBLIC HEALTH

The impact of IOM recommendations on gestational weight gain

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Kominiarek MA, Saade G, Mele L, Bailit J, Reddy UM, Wapner RJ et al. Association between gesta-
tional weight gain and perinatal outcomes. Obstet Gynecol. 2018; 132(4): 875. https://doi.org/10.1097/
AOG.0000000000002854 PMID: 30204701

Haugen M, Brantsaeter AL, Winkvist A, Lissner L, Alexander J, Oftedal B et al. Associations of pre-preg-
nancy body mass index and gestational weight gain with pregnancy outcome and postpartum weight
retention: a prospective observational cohort study. BMC Pregnancy Childbirth. 2014; 14(1): 1-1.
https://doi.org/10.1186/1471-2393-14-201 PMID: 24917037

Grol R, Wensing M. What drives change? Barriers to and incentives for achieving evidence-based prac-
tice. Med J Aust. 2004; 180: S57-S60. https://doi.org/10.5694/j.1326-5377.2004.tb05948.x PMID:
15012583

Wilkinson S, Beckmann M, Donaldson E, McCray S. Implementation of gestational weight gain guide-
lines-what’s more effective for ensuring weight recording in pregnancy? BMC Pregnancy Childbirth.
2019; 19(1): 19. https://doi.org/10.1186/s12884-018-2162-x PMID: 30744580

Wilkinson SA, Stapleton H. Overweight and obesity in pregnancy: The evidence—practice gap in staff
knowledge, attitudes and practices. Aust N Z J Obstet Gynaecol. 2012; 52(6): 588-592. https://doi.org/
10.1111/ajo.12011 PMID: 23216325

Morris J, Nikolopoulos H, Berry T, Jain V, Vallis M, Piccinini-Vallis H. et al. Healthcare providers’ gesta-
tional weight gain counselling practises and the influence of knowledge and attitudes: a cross-sectional
mixed methods study. BMJ Open. 2017; 7(11): e018527. https://doi.org/10.1136/bmjopen-2017-
018527 PMID: 29138209

Gilmore LA, Redman LM. Weight gain in pregnancy and application of the 2009 IOM guidelines: toward
a uniform approach. Obesity (Silver Spring). 2015; 23(3): 507-511.

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 (London). 2016; 49
(10): 1529-1534.

Branum A, Kirmeyer SE, Gregory ECW. Prepregnancy body mass index by maternal characteristics
and state: Data from the birth certificate, 2014. Natl Health Stat Report; 65 (6). Hyattsville, MD:
National Center for Health Statistics; 2016.

Mother’'s Worksheet for Child’s Birth Certificate. Available from: https://www.cdc.gov/nchs/data/dvs/
moms-worksheet-2016.pdf

Guide to Completing the Facility Worksheet for the Certificate of Live Birth and Report of Fetal Death.
Available from: https://www.cdc.gov/nchs/data/dvs/GuidetoCompleteFacilityWks.pdf

National Center for Health Statistics. User guide to the 2019 natality public use file. Available from:
https://wonder.cdc.gov/wonder/help/natality/NatalityPublicUseUserGuide2019-508.pdf.

Mandujano A, Huston-Presley L, Waters TP, Catalano PM. Women'’s reported weight: is there a dis-
crepancy? J Matern Fetal Neonatal Med. 2012; 25: 1395-1398. https://doi.org/10.3109/14767058.
2011.636099 PMID: 22067020

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: 1047-1053. https://doi.org/10.1038/oby.
2010.300 PMID: 21164507

Rosenman R, Tennekoon V, Hill LG. Measuring bias in self-reported data. Int J Behav Healthc Res.
2011; 2(4): 320-332. https://doi.org/10.1504/IJBHR.2011.043414 PMID: 25383095

O’Reilly JR, Reynolds RM. The risk of maternal obesity to the long-term health of the offspring. Clin
Endocrinol. 2013; 78: 9-16.

Smith GN, Pudwell J, Roddy M. The Maternal Health Clinic: a new window of opportunity for early heart
disease risk screening and intervention for women with pregnancy complications. J Obstet Gynaecol
Canada. 2013; 35: 831-839. https://doi.org/10.1016/S1701-2163(15)30841-0 PMID: 24099450

Rodgers GP, Collins FS. The next generation of obesity research: no time to waste. JAMA. 2012; 308:
1095-1096. https://doi.org/10.1001/2012.jama.11853 PMID: 22990265

Gillman MW, Ludwig DS. How early should obesity prevention start? New Eng J Med. 2013; 369: 2173-
2175. https://doi.org/10.1056/NEJMp1310577 PMID: 24224559

Asvanarunat E. Outcomes of gestational weight gain outside the Institute of Medicine Guidelines. J
Med Assoc Thai. 2014; 97(11): 1119-1125. PMID: 25675675

Herring SJ, Platek DN, Elliott P, Riley LE, Stuebe AM, Oken E. Addressing obesity in pregnancy: what
do obstetric providers recommend? J Womens Health. 2010; 19: 65-70. https://doi.org/10.1089/jwh.
2008.1343 PMID: 20088660

American College of Obstetricians and Gynecologists. Weight gain during pregnancy: committee opin-
ion no. 548. Obstet Gynecol. 2013; 121: 210-212.

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0000815  July 21, 2022 12/13


https://doi.org/10.1097/AOG.0000000000002854
https://doi.org/10.1097/AOG.0000000000002854
http://www.ncbi.nlm.nih.gov/pubmed/30204701
https://doi.org/10.1186/1471-2393-14-201
http://www.ncbi.nlm.nih.gov/pubmed/24917037
https://doi.org/10.5694/j.1326-5377.2004.tb05948.x
http://www.ncbi.nlm.nih.gov/pubmed/15012583
https://doi.org/10.1186/s12884-018-2162-x
http://www.ncbi.nlm.nih.gov/pubmed/30744580
https://doi.org/10.1111/ajo.12011
https://doi.org/10.1111/ajo.12011
http://www.ncbi.nlm.nih.gov/pubmed/23216325
https://doi.org/10.1136/bmjopen-2017-018527
https://doi.org/10.1136/bmjopen-2017-018527
http://www.ncbi.nlm.nih.gov/pubmed/29138209
https://www.cdc.gov/nchs/data/dvs/moms-worksheet-2016.pdf
https://www.cdc.gov/nchs/data/dvs/moms-worksheet-2016.pdf
https://www.cdc.gov/nchs/data/dvs/GuidetoCompleteFacilityWks.pdf
https://wonder.cdc.gov/wonder/help/natality/NatalityPublicUseUserGuide2019-508.pdf
https://doi.org/10.3109/14767058.2011.636099
https://doi.org/10.3109/14767058.2011.636099
http://www.ncbi.nlm.nih.gov/pubmed/22067020
https://doi.org/10.1038/oby.2010.300
https://doi.org/10.1038/oby.2010.300
http://www.ncbi.nlm.nih.gov/pubmed/21164507
https://doi.org/10.1504/IJBHR.2011.043414
http://www.ncbi.nlm.nih.gov/pubmed/25383095
https://doi.org/10.1016/S1701-2163%2815%2930841-0
http://www.ncbi.nlm.nih.gov/pubmed/24099450
https://doi.org/10.1001/2012.jama.11853
http://www.ncbi.nlm.nih.gov/pubmed/22990265
https://doi.org/10.1056/NEJMp1310577
http://www.ncbi.nlm.nih.gov/pubmed/24224559
http://www.ncbi.nlm.nih.gov/pubmed/25675675
https://doi.org/10.1089/jwh.2008.1343
https://doi.org/10.1089/jwh.2008.1343
http://www.ncbi.nlm.nih.gov/pubmed/20088660
https://doi.org/10.1371/journal.pgph.0000815

PLOS GLOBAL PUBLIC HEALTH

The impact of IOM recommendations on gestational weight gain

40.

M.

42,

43.

44,

Finer LB, Zolna MR. Shifts in intended and unintended pregnancies in the United States, 2001-2008.
Am J Public Health. 2014; 104 (Suppl 1): S43- S48. https://doi.org/10.2105/AJPH.2013.301416 PMID:
24354819

Stewart AL. The reliability and validity of self-reported weight and height. J Chronic Dis. 1982; 35: 295-
309. https://doi.org/10.1016/0021-9681(82)90085-6 PMID: 7061685

Thomas D, Halawani M, Phelan S, Butte NF, Redman LM. Prediction of pre-pregnancy weight from first
trimester visit. J Fed Am Soc Exp Biol. 2014; 28: 1031-1032.

Phelan S, Phipps MG, Abrams B, Darroch F, Schaffner A, Wing RR. Randomized trial of a behavioral
intervention to prevent excessive gestational weight gain: the Fit for Delivery Study. Am J Clin Nutr.
2011; 93: 772-779. https://doi.org/10.3945/ajcn.110.005306 PMID: 21310836

Dharmalingam A, Navaneetham K, Krishnakumar CS. Nutritional status of mothers and low birth weight
in India. Matern Child Health J. 2010; 14(2): 290-298. https://doi.org/10.1007/s10995-009-0451-8
PMID: 19199015

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0000815  July 21, 2022 13/13


https://doi.org/10.2105/AJPH.2013.301416
http://www.ncbi.nlm.nih.gov/pubmed/24354819
https://doi.org/10.1016/0021-9681%2882%2990085-6
http://www.ncbi.nlm.nih.gov/pubmed/7061685
https://doi.org/10.3945/ajcn.110.005306
http://www.ncbi.nlm.nih.gov/pubmed/21310836
https://doi.org/10.1007/s10995-009-0451-8
http://www.ncbi.nlm.nih.gov/pubmed/19199015
https://doi.org/10.1371/journal.pgph.0000815

