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Abstract

OBJECTIVE: To evaluate the association between gestational weight gain and maternal and
neonatal outcomes in a large, geographically-diverse cohort.

METHODS: Trained chart abstractors at 25 hospitals obtained maternal and neonatal data for all
deliveries on randomly selected days over 3 years (2008-2011). Gestational weight gain was
derived using weight at delivery minus pre-pregnancy or first-trimester weight and categorized as
below, within or above the Institute of Medicine (IOM) guidelines in this retrospective cohort
study. Maternal (primary or repeat cesarean birth, 3™ or 4™ degree lacerations, severe postpartum
hemorrhage, hypertensive disease of pregnancy) and neonatal (preterm birth, shoulder dystocia,
macrosomia, hypoglycemia) outcomes were compared among women in the gestational weight
gain categories in unadjusted and adjusted analyses with ORs and 95%ClI reported. Covariates
included age, race-ethnicity, tobacco use, insurance type, parity, prior cesarean birth,
pregestational diabetes, hypertension, and hospital type.
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RESULTS: Of the 29,861 women included, 51% and 21% had gestational weight gain above and
below the guidelines, respectively. There was an association between gestational weight gain
above the IOM guidelines and cesarean birth in both nulliparous women (aOR 1.44, 95%Cl 1.31-
1.59) and multiparous women (aOR 1.26, 95%CI 1.13-1.41) and hypertensive diseases of
pregnancy in nulliparous and multiparous women combined (aOR 1.84, 95%CI 1.66-2.04). For
the neonatal outcomes, gestational weight gain above the IOM guidelines was associated with
shoulder dystocia (aOR 1.74, 95%CI 1.41-.2.14), macrosomia (aOR 2.66, 95%CI 2.03-3.48), and
neonatal hypoglycemia (aOR 1.60, 95%CI 1.16-2.22). Gestational weight gain below the
guidelines was associated with spontaneous (aOR 1.50, 95%CI 1.31-1.73) and indicated (aOR
1.34, 95%CI 1.12-1.60) preterm birth.

CONCLUSIONS: In a large, diverse cohort with prospectively collected data, gestational weight
gain below or above guidelines is associated with a variety of adverse pregnancy outcomes.

PRECIS

Gestational weight gain below or above the Institute of Medicine guidelines is associated with
adverse pregnancy outcomes in a large geographically diverse cohort

INTRODUCTION

The weight gain that occurs in pregnhancy has the potential to influence a woman’s long-term
health by increasing the risk for weight retention and obesity, as well as related co-
morbidities such as chronic hypertension or type 2 diabetes mellitus. Gestational weight gain
during pregnancy also is associated with offspring health, as the risk for childhood obesity
increases when gestational weight gain is excessive. The 2009 Institute of Medicine (IOM)
publication, “Weight Gain in Pregnancy, Re-examining the Guidelines”, established
guidelines for gestational weight gain goals.(1) Nonetheless, according to a national study,
only 32% of all women met these goals and 47% had gestational weight gain above these
goals in 2010-2011.(2)

Several observational studies, which have evaluated the relationship between gestational
weight gain and short-term maternal and neonatal outcomes such as gestational
hypertension, cesarean birth, and macrosomia, have demonstrated positive associations
between gestational weight gain above the guidelines and these outcomes.(3-8) The
limitations of these individual studies include small sample sizes, single sites, restricted
reporting of outcomes, and a lack of racial-ethnic diversity. Furthermore, gestational age at
delivery, a key determinant in the interpretation of the adequacy of gestational weight gain,
was not considered when the gestational weight gain values were analyzed.(8)

The objective of this study was to evaluate maternal and neonatal outcomes in relation to
gestational weight gain from a large group of women with directly-abstracted data by trained
personnel from 25 hospitals located in multiple geographic regions in the United States.

METHODS

This was a secondary analysis of the Eunice Kennedy Shriver National Institute of Child
Health and Human Development Maternal-Fetal Medicine Units Network’s Assessment of
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Perinatal Excellence study. The methodology has been previously published, but it is
described briefly as follows.(9) Trained chart abstractors at 25 hospitals obtained data for
patients delivered within the institution on randomly selected days over a 3-year period
(2008-2011) who were = 23 weeks gestation with a live fetus on admission. During the
abstraction, explicit definitions for data fields and standardized data collection tools were
used after pilot testing of data collection methods. Collected data included maternal
demographics, medical and obstetrical history, and intrapartum and postpartum events. The
period of data collection spanned from the time of hospital admission for delivery until
discharge for women and up until discharge or until 120 days of age, whichever came first,
for neonates.

In this secondary analysis, women were eligible if they had a height, either self-reported pre-
pregnancy or first trimester weight (< 13 weeks), and a weight at delivery available from a
singleton gestation. Those with either an extreme weight gain (>100 pounds) or loss (>50
pounds) were excluded as these values were likely biologically implausible, similar to the
methods of Beyerlein et al.(10) Gestational weight gain was derived using a delivery weight
minus a pre-pregnancy or first prenatal visit weight at <13 weeks. If both weight values were
available, the pre-pregnancy weight was chosen for the analysis.

In order to account for gestational age at delivery and baseline body mass index (BMI), the
observed weight gain was compared to the expected weight gain based on Institute of
Medicine 2009 guidelines for weekly gestational weight gain. These values were categorized
as below, within or above 10M guidelines (1-1.3Ibs/week for BMI<18.5 kg/m?2, 0.8—1.0lbs/
week for BMI 18.5-24.9 kg/m?2, 0.5-0.7Ibs/week for BMI 25.0-29.9 kg/m?, and 0.4-0.61bs/
week for BMI = 30kg/m?) for the second and third trimester (1) according to a BMI
calculated from the pre-pregnancy or first prenatal visit weight at < 13 weeks. This
calculation assumed that women gained a range of 1.1-4.4 pounds in the first trimester. A
3" or 4t degree laceration was reported only for women who had a vaginal delivery. Severe
postpartum hemorrhage was defined as an estimated blood loss = 1500 mL at delivery or in
the immediate postpartum period, a blood transfusion, or hysterectomy for hemorrhage.
Postpartum infection was defined as the occurrence of any of the following: endometritis,
wound cellulitis requiring antibiotics, wound reopened for fluid collection or infection, or
wound dehiscence during the delivery hospitalization. The outcome of hypertension
included gestational hypertension, preeclampsia, HELLP (hemolysis elevated liver enzymes
and low platelets syndrome), or eclampsia. Preterm birth, defined as a birth < 37 weeks, was
considered for both spontaneous and indicated deliveries. Macrosomia was defined as a birth
weight = 4500g for term neonates or a large for gestational age neonate (i.e., > 90%
percentile) for preterm neonates.

Maternal demographics and characteristics were compared between gestational weight gain
below, within, and above the guidelines using Chi-square or Kruskal-Wallis tests as
appropriate. Univariable and multivariable analyses were performed to determine the
relationship between the gestational weight gain category (below, within, above) and
maternal (cesarean birth, 3rd or 4th degree lacerations, severe postpartum hemorrhage,
postpartum infections, hypertensive disease of pregnancy) and neonatal (preterm birth < 37
weeks, shoulder dystocia in vaginal deliveries, macrosomia, hypoglycemia requiring
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treatment) outcomes whereby “within” the guidelines was the reference category.
Occurrences of gestational diabetes mellitus were reported, but not evaluated as outcomes
due to the nutritional counseling and dietary adjustments that occur after such a diagnosis
and the consequent effect on gestational weight gain. Unadjusted and adjusted odds ratios
(OR) with 95% CI intervals were reported. Multivariable analyses were adjusted for
maternal age, race-ethnicity, tobacco use, insurance type, parity, prior delivery route for
multiparas (for the outcomes of 3rd or 4th degree lacerations and cesarean birth), chronic
hypertension, pre-gestational diabetes, and hospital type (private for profit vs. public or non-
profit). Statistical significance was set at p < 0.05. No imputation for missing data was
performed. Data were analyzed using SAS software (SAS Institute, Cary, NC). Institutional
review board approval was obtained at all centers under a waiver of informed consent for the
initial study.

RESULTS

For the 29,861 women included in this study, 16,053 had a pre-pregnhancy weight whereas
13,808 had only a first trimester weight.(Figure 1) Overall, 27.8% of women gained within
the IOM guidelines whereas 21.2% and 51.0% gained below and above the guidelines,
respectively. Of the women with gestational weight gain below the guidelines, 13.5% of
them had a net weight loss. Non-Hispanic whites (8835/16220, 54.5%) had the highest
proportion with gestational weight gain above the IOM guidelines. Between the three
gestational weight gain categories, there were differences in age, race-ethnicity, parity,
baseline BMI, prior cesarean birth, chronic hypertension, pre-gestational diabetes, tobacco
use, and insurance type (p<0.025 for all comparisons). (Table 1)

In unadjusted analysis, there was an association between gestational weight gain above the
IOM guidelines and cesarean birth in both nulliparas (34.2% vs 27.1%) and multiparas
(34.4% vs. 29.1%) compared with gestational weight gain within the guidelines whereas
gestational weight gain below the IOM guidelines was associated with an increased
postpartum hemorrhage (2.3% vs. 1.7%) and decreased perineal lacerations (2.8% vs. 4.0%).
(Table 2) In multivariable analysis, gestational weight gain above the IOM guidelines
remained associated with cesarean birth in nulliparous patients (aOR 1.44, 95%ClI 1.31-
1.59) and multiparous patients (aOR 1.26, 95%CI 1.13-1.41) compared with gestational
weight gain within the guidelines. (Table 2) Gestational weight gain below the guidelines
was no longer significantly associated with postpartum hemorrhage or perineal lacerations in
the adjusted analyses. Gestational weight gain above the IOM guidelines was associated
with hypertensive diseases of pregnancy in unadjusted (OR 2.00, 95%Cl, 1.81-2.22) and
adjusted models (aOR 1.84, 95%Cl 1.66—2.04) in women of all parity.

For the neonatal outcomes, gestational weight gain above the IOM guidelines was associated
with shoulder dystocia in vaginal deliveries (3.6% vs. 2.1%), macrosomia (2.08% vs.
0.81%), and neonatal hypoglycemia (0.98% vs. 0.61%) compared with gestational weight
gain within the IOM guidelines. Gestational weight gain below and above the guidelines was
associated with preterm births overall and both spontaneous and indicated preterm births in
unadjusted analysis.(Table 3) In adjusted analysis, gestational weight gain above the IOM
guidelines remained associated with shoulder dystocia (aOR 1.74, 95%CI 1.41-2.14),

Obstet Gynecol. Author manuscript; available in PMC 2019 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kominiarek et al.

Page 5

macrosomia (aOR 2.66, 95%Cl 2.03-3.48), and neonatal hypoglycemia (aOR 1.60, 95%ClI
1.16-2.22). Gestational weight gain outside of the guidelines also remained associated with
preterm birth. Gestational weight gain below the guidelines was associated with all preterm
birth (aOR 1.47, 95%CI 1.31-1.64), spontaneous preterm birth (aOR 1.50, 95%Cl 1.31-
1.73), and indicated preterm birth (aOR 1.34, 95%CI 1.12-1.60), whereas above the
guidelines was associated only with indicated preterm birth (aOR 1.24, 95%CI 1.07-1.45).

DISCUSSION

In this study, we found associations between not achieving gestational weight gain goals and
several adverse maternal and neonatal outcomes including cesarean birth, hypertensive
disease of pregnancy, preterm birth, shoulder dystocia, macrosomia, and neonatal
hypoglycemia.

Our findings support those of other studies including a recent systematic review and meta-
analysis of gestational weight gain and maternal and neonatal outcomes that included
1,309,136 women.(11) Specifically, the investigators of that study found that gestational
weight gain below the guidelines was associated with small for gestational age neonates (OR
1.53, 95%CI 1.44-1.64) and preterm birth (OR 1.70, 95%CI 1.32-2.20) whereas gestational
weight gain above the guidelines was associated with large for gestational age neonates (OR
1.85, 95%CI 1.76-1.95), macrosomia (OR 1.95, 95%CI 1.79-2.11), and cesarean birth (OR
1.30, 95%CI 1.25-1.35). Of note, however, is that gestational age at delivery was not
considered in some of the individual studies and also in the meta-analysis itself, potentially
explaining the relationship between gestational weight gain and outcomes such as preterm
birth (i.e., women who deliver earlier have less time to gain weight).(11) A similar study
from a large multicenter obstetrical database evaluated gestational weight gain among
20,950 women with obesity only.(12) In that analysis, high gestational weight gain was
associated with cesarean birth in nulliparas and multiparas, large for gestational age
neonates, and macrosomia, but not with operative vaginal delivery, postpartum hemorrhage,
or shoulder dystocia compared with women who met gestational weight gain goals.

In devising the final guidelines for gestational weight gain, the IOM omitted outcomes such
as gestational hypertension or preeclampsia due to the lack of evidence to support that
gestational weight gain was associated with these conditions.(1) Given the known vascular
permeability and decreased plasma oncotic pressure that accompanies preeclampsia and its
association with rapid weight gain (13), it is challenging to determine whether excessive
gestational weight gain is a cause or effect of preeclampsia. Among the maternal outcomes,
gestational weight gain above the guidelines had a nearly two-fold increase in odds of
having gestational hypertension or preeclampsia in our study. In our data, serial weight gain
measurements were not available to assess gestational weight gain prior to the diagnosis of
preeclampsia to sort out the effects of weight gain not related to hypertension. Of note, in a
study of 702 women with chronic hypertension, the timing of gestational weight gain and
diagnosis of 173 women with superimposed preeclampsia was evaluated. Of the 100 women
who had gestational weight gain above the IOM guidelines for the entire pregnancy, 92%
had gestational weight gain above the guidelines in the 7-14 days prior to the diagnosis of
superimposed preeclampsia whereas only 8% had gestational weight gain within the
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guidelines prior to the diagnosis.(14) These findings suggest that the relationship between
gestational weight gain and hypertension may be a consequence of weight gain that occurs
before, instead of after the onset of hypertensive disease of pregnancy, but the relationship is
complex and further study is indicated.

We acknowledge several limitations to this study. We used either a self-reported pre-
pregnancy weight or a measured weight at the first prenatal visit in the determination of
gestational weight gain. These values have limitations, though they typically correlate well
with each other and no other options are available unless weight data are collected
prospectively prior to pregnancy.(15, 16) Therefore, we opted to combine the two variables
for initial weight into one analysis. Data for this study were collected during 2010-2011,
which encompasses a time when two different publications of gestational weight gain
guidelines (1990 and 2009) may have influenced provider counseling practices. Given that
the primary change in the guidelines was related to ranges for women with obesity, and the
time it typically takes for providers to incorporate new guidelines into clinical practice, we
do not suspect this alteration significantly influenced our findings. Noted strengths include
analysis of 29,861 women representative of the United States with rigorous ascertainment of
outcomes and calculation of gestational weight gain to account for the wide range of
gestational ages at delivery.

Gestational weight gain is a potentially modifiable risk factor for a number of adverse
maternal and neonatal outcomes.(17) Capitalizing on a window of opportunity during
pregnancy has been challenging with respect to intensive lifestyle interventions that target
diet, exercise and other health behaviors, though the effectiveness and safety of these
interventions has been demonstrated with a 20% reduction in excessive gestational weight
gain in a meta-analysis.(17) Given the risks of a gestational weight gain outside of the
guidelines, as documented in this large geographically diverse cohort whereby only 27.8%
of women had a gestational weight gain within the guidelines, further study is indicated on
how to assist women in meeting their gestational weight gain goals.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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(n=115,502; 118,422 neonates)
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(n=66,222)

v

v

Enrolled on or after
January 1, 2010*
(n=49,280)

Excluded: multiple gestations
(n=1,212)

v

h 4

Singleton pregnancies
(n=48,068)

Excluded: missing prepregnancy
or 1st-trimester weight
(n=17,756)

v

v

Prepregnancy or 1st-trimester
weight available
(n=30,312)

Excluded (n=376)
+| Missing height: 334
Missing gestational weight
v gain: 42
Height and gestational weight
gain available
(n=29,936)

Excluded: extreme gestational
weight loss or gain

v

& (n=75)
Nonextreme weight loss or gain
values available
(n=29,861)
v v
Prepregnancy weight Only 1st-trimester weight
available (n=16,053) available

1st-trimester weight (n=13,808)

gain: 12,658
No 1st-trimester weight

gain: 3,395

Figure 1.

Flow diagram of participant selection. *The Assessment of Perinatal Excellence Study did
not collect information on prepregnancy weight until 2010, approximately 2 years after the
study began. Therefore, the cohort for this secondary analysis began in 2010 and is smaller
compared to the original cohort.
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Maternal demographics and characteristics.

Table 1:

Gestational Weight Gain

Below Within Above
Characteristic N=6,338 N=8,296 N=15,227 p-value
Age (years) | 29.0+6.1 | 29459 | 288+5.8 | <0.001
Race-Ethnicity | | | | <0.001
Non-Hispanic white | 2867 (45.2) | 4518 (54.5) | 8835 (58.0) |
Non-Hispanic black | 1213 (19.1) | 1085 (13.1) | 2490 (16.4) |
Non-Hispanic Asian | 408 (6.4) | 611 (7.4) | 737 (4.8) |
Hispanic | 1542 (24.3) | 1684 (20.3) | 2540 (16.7) |
Other or Unknown | 308 (4.9) | 398 (4.8) | 625 (4.1) |
Nulliparous | 2114 (33.4) | 3258 (39.3) | 7081 (46.5) | <0.001
Pre-pregnancy Body mass 27.3+78 253+6.0 26.4+58 <0.001
index (kg/m?)
Underweight < 18.5 kg/m? 422 (6.7) 393 (4.7) 185(1.2) <0.001
Normal 18.5-24.9 kg/m? 2928 (46.2) | 4707 (56.7) | 6864 (45.1)
Overweight 25.0-29.9 kg/m? 1129 (17.8) | 1685 (20.3) | 4898 (32.2)
Obese > 30 kg/m? 1859 (29.3) | 1511(18.2) | 3280 (21.5)
Prior cesarean birth | 1124 (17.7) | 1342 (16.2) | 2498 (16.4) | 0.025
Chronic hypertension | 268 (4.2) | 219 (2.6) | 514 (3.4) | <0.001
Pre-gestational diabetes | 99 (1.6) | 104 (1.3) | 274 (1.8) | 0.006
Gestational diabetes | 578 (9.1) | 498 (6.0) | 753 (5.0) | <0.001
Tobacco use | 625 (9.9) | 580 (7.0) | 1433 (9.4) | <0.001
Insurance type | | | | <0.001
Private 3218 (51.1) | 5161 (62.6) | 9412 (62.1)
Government Assisted 2533 (40.2) | 2429 (29.5) | 4825 (31.8)
Uninsured 544 (8.6) 658 (8.0) 929 (6.1)
Gestational age at delivery (weeks) | 38.7+24 39.0+19 39.0+2.0 <0.001

Data are n (%) or mean + standard deviation unless otherwise specified.
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