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Abstract

Objective—Maternal obesity is associated with increased risk of large-for-gestational-age (LGA) 

and small-for-gestational-age (SGA) births. Both are related to childhood obesity. We considered 

that patterns of gestational weight gain (GWG) may help to disentangle these competing risks.

Design and methods—Patterns of GWG were characterized among a cohort of overweight or 

obese women (n=651). Polytomous logistic regression models tested for associations between 

GWG patterns and birthweight outcomes: SGA (<10th) and LGA (>90th percentile).

Results—Rates of SGA were higher than those for LGA (14.9% vs. 7.8%). Four GWG patterns 

were identified: consistently high (29%), early adequate/late high (33%), consistently adequate 

(18%), and consistently low (20%). Risk of LGA was highest in women with consistently high 

GWG (adjusted odds ratio [OR] 4.62 [1.53, 13.96]), and risk was elevated, but with lower 

magnitude, among women with early adequate/late high gains (OR 3.07 [1.01, 9.37]). High GWG 

before 20 weeks, regardless of later gain, was related to LGA. Low gain before 20 weeks 

accompanied by high gain later may be associated with reduced SGA risk (0.55 [0.29, 1.07]).

Conclusions—The pattern of weight gain during pregnancy may be an important contributor to 

or marker of abnormal fetal growth among overweight and obese women.
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Introduction

Childhood obesity rates have tripled over the past 30 years, and risk is particularly high 

among infants born to overweight or obese mothers.1 Childhood obesity has immediate and 

long-term health consequences, including elevated blood pressure, elevated cholesterol, 

impaired glucose tolerance, insulin resistance, type 2 diabetes, and cardiovascular disease.2,3 

Increasing obesity in young children is a multifactorial problem with intergenerational, 

intrauterine, environmental, and behavioral components. While maternal obesity increases 

the risk of gestational diabetes and large-for-gestational age (LGA) infants, it is also 

associated with hypertension in pregnancy, placental dysfunction, and fetal growth 

restriction, resulting in small-for-gestational age (SGA) newborns. Both LGA and SGA 

infants have excess risk of childhood obesity;4-6 gestational weight gain (GWG) may help to 

differentiate these outcomes among overweight and obese women.

For more than 20 years, the Institute of Medicine (IOM) has recommended lower ranges of 

GWG for mothers with higher pre-pregnancy body-mass index (BMI) to balance risk for 

SGA, LGA, and other adverse pregnancy outcomes.7 Pregnancy weight gain above the IOM 

recommendation is associated with increased risk of macrosomia in offspring, and low 

gestational gain is associated with growth restriction, even among overweight and obese 

women.8 Recent evidence suggests that weight gain in the first half of pregnancy may be 

more strongly related than weight gain in the second half of pregnancy to higher newborn 

body fat and offspring BMI at ages 7 and 9.9-11 These studies have been conducted in 

predominantly normal weight women, and the relationship between the trajectory of GWG 

and fetal growth among overweight and obese women is not well understood. This is 

important as the offspring of overweight and obese women are at high risk for childhood 

obesity.

Racial or ethnic differences in weight-related pregnancy outcomes are also well established. 

African American women have a greater risk for low GWG and SGA, despite having higher 

rates of pre-pregnancy obesity compared to White women.12 The 1990 IOM Committee 

encouraged pregnant African American women to gain at the upper end of the recommended 

ranges, but insufficient evidence that this recommendation improved pregnancy weight gain 

or SGA led the 2009 IOM Committee to abandon this race-specific guidance. A recent 

report evaluating several adverse pregnancy outcomes in normal-weight women did not find 

evidence that optimal GWG among African American women should be higher than that 

recommended for their Caucasian counterparts, despite the fact that low GWG was 

associated with higher SGA risk among African American women.13

The effects of race, BMI, and GWG on fetal growth are complex, especially in women who 

are overweight or obese prior to pregnancy. We considered that the pattern of GWG in early 

and late gestation may help to clarify these associations. We examined the association 

between GWG patterns and birth weight outcomes (SGA or LGA infants) in a cohort of 651 

Catov et al. Page 2

Obesity (Silver Spring). Author manuscript; available in PMC 2016 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



predominantly overweight and obese women. We hypothesized that weight gain in the first 

half of pregnancy is more strongly associated with abnormalities of fetal growth at delivery 

than weight gained in the second half of pregnancy.

Methods

The Pregnancy Evaluation and Preeclampsia Prevention-3 (PEPP-3) study recruited women 

from the outpatient clinic at Magee-Womens Hospital, Pittsburgh, PA, before 16 weeks' 

gestation and followed them through delivery. PEPP-3 was designed to study how pre-

pregnancy adiposity is associated with preeclampsia risk; thus, predominantly overweight 

and obese women were enrolled, with a small number of normal weight women included as 

controls (approximately 1:6 ratio). By design, nulliparous women were oversampled. A total 

of 875 women enrolled in PEPP-3, and 651 (74%) delivered and were included in this 

analysis. Not included were those with a pregnancy loss (n=75), lost to follow up (n=56), 

those who planned to deliver at another hospital (n=71) or were ineligible due to preexisting 

diabetes, hypertension or renal disease, or multiple gestation (n=21). The study was 

approved by the University of Pittsburgh Institutional Review Board, and all participants 

provided written informed consent.

Enrollment occurred, on average, at 9.2 ± 2.6 weeks' gestation, and the women completed a 

structured interview that included self-reported pre-pregnancy weight. Height and weight 

were measured at this enrollment visit, following a research protocol, and weight, assessed 

at every prenatal visit, was gathered from the medical record. There were, on average, 10.5 

± 2.6 weights available for each participant (range 3-21). Pre-pregnancy self-reported weight 

was highly correlated with the first measured weight in pregnancy (r=0.99, mean difference 

1.8 ± 6.7 pounds) and was used to calculate GWG. Maternal delivery weight was abstracted 

from the medical record, and when missing, the last prenatal weight prior to delivery was 

used (if less than 27 days prior to delivery). Pre-pregnancy BMI [self-reported pregravid 

weight (kg)/measured height (m)2] was categorized as normal weight (18.5-24.9), 

overweight (25-29.9), obese I (30-34.9), obese II (35-39.9) and obese III (>=40).

Assessment of Gestational Weight Gain

Adequacy of GWG at delivery (delivery weight minus pre-pregnancy weight) was classified 

as low, adequate, or high, based on the 2009 IOM recommendations at the gestational age of 

delivery.7 These recommendations are specific to a woman's pre-pregnancy BMI and were 

projected to gestational age at delivery using a recommended gain of 1.1-4.4 pounds in the 

first trimester with recommended weekly gain(s) in the second and third trimesters of 1 

pound/week (range 1.0-1.3 pounds) for underweight, 1 pound/week (range 0.8-1.0 pounds) 

for normal-weight, 0.6 pounds/week (range 0.5-0.7 pounds) for overweight, and 0.5 pounds/

week (range 0.4-0.6 pounds) for obese women. Adequacy of weight gain in the first and 

second halves of pregnancy was classified using these recommended ranges applied to gain 

up to 20 weeks' gestational age, and again from 20 weeks' to delivery. We explored several 

approaches to combining these two components of weight gain to characterize observed 

patterns. We examined all combinations of weight gain in the first and second halves of 

pregnancy (Figure 1) and detected four dominant patterns (consistently low, consistently 
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adequate [including women who, early, gained low and, then, adequately], early adequate or 

low/late high, and consistently high). There were small numbers of women who gained more 

rapidly in the first compared to the second half of gestation (from adequate to low or from 

high to low/adequate, n=39). These were grouped on the basis of delivery weight gain status 

as the numbers were too small to analyze separately. Results were replicated after removing 

this group to ensure that their patterns did not bias the results.

For a clear graphical representation of weight-gain trends across gestation, we calculated 

standardized GWG values specific to pre-pregnancy BMI, using reference ranges published 

by Hutcheon et al.14 Zero reflects GWG equivalent to the expected gain; a positive 

standardized GWG reflects gain above that expected, while a negative value reflects gain 

below that expected. We calculated this value for each visit and then selected the nearest 

observation to each 4-week interval from 12 through 40 weeks to create a plot. Women with 

preterm delivery contributed observations until the last prenatal visit prior to delivery. We 

also used this standardized GWG approach to examine patterns across gestation. The 

patterns identified were not different from those identified when combining early and late 

gestational weight gain, and we opted to present results using the early/late gain as these 

may be more clinically meaningful.

Outcomes were SGA (<10th percentile) or LGA (greater than the 90th percentile), using a 

global reference that relies upon the fetal-weight reference developed by Hadlock,15 which 

was then customized to U.S. White and African American mean ± SD birth weights from 

1995-2004.16,17 Adequate-for-gestational-age infants (AGA; 10th-90th percentile) were the 

referent group.

Covariates collected at the enrollment interview were maternal age; race/ethnicity (self-

reported as African American, Caucasian, or other); married or living with a partner; 

education (less than high school, high school or equivalent, college or more); income (less 

than $20K, $20K to less than $50K, more than $50K, unknown or refused); insurance status 

at the enrollment visit (private or Veterans Administration, Medicaid, no insurance), 

smoking at enrollment visit (any vs. none), and nulliparity. Factors abstracted from the 

medical record included gestational age at delivery (based predominantly on ultrasound), 

birth weight, infant sex, and diagnosis of gestational diabetes mellitus (GDM) using the 

Carpenter and Couston criteria.18 Preeclampsia was defined as new hypertension in 

pregnancy and proteinuria after 20 weeks, and gestational hypertension was defined as new 

hypertension in pregnancy without proteinuria.

Statistical analysis

Maternal characteristics were evaluated according to SGA, AGA, and LGA outcomes and to 

GWG patterns as mean ± SD for continuous data and percentages for categorical variables. 

Polytomous logistic regression (also known as multinomial logistic regression) is an 

extension of the typical binary logistic regression model to a dependent variable with more 

than 2 possible responses (in this case, SGA, AGA, and LGA birth weight). Polytomous 

logistic regression models were used to describe the relationship between each of the GWG 

patterns and risk of SGA or LGA. We then modeled the risk of these outcomes relative to 

GWG in the first 20 weeks, adjusted for gain in the second half of pregnancy. Covariates 
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having known associations with fetal growth—e.g., age, race/ethnicity, pre-pregnancy BMI, 

parity, smoking, preeclampsia, and GDM—were selected a priori. We also tested for effect 

measure modification by maternal race/ethnicity and pre-pregnancy BMI by incorporating 

interaction terms for each potential effect modifier and GWG pattern (using indicator 

variables for each potential level of each variable).

Results

Overall, the cohort was predominantly African American, low income, publicly insured, 

nulliparous, and obese prior to pregnancy, with high rates of smoking (Table 1). There were 

97 SGA births (14.9%), 51 LGA births (7.8%) and 503 AGA births. Women with SGA 

births tended to be younger, delivered infants, on average, 1 week earlier, and were more 

likely to develop preeclampsia than women with AGA births. Women with LGA births were 

more likely to have a higher pre-pregnancy BMI and were on average older than women 

with AGA births. Women with consistently low gain were more likely to be African 

American, publicly insured, multiparous, and heavier prior to pregnancy (Table 2). Women 

with consistently high gain were more likely to be White, nulliparous and to have high rates 

of preterm delivery.

The prevalence of GWG patterns in the first and second halves of pregnancy are shown in 

Figure 1. Almost half of this predominantly overweight/obese cohort of pregnant women 

gained less than the recommended amount of weight before 20 weeks. Only 22.0% gained in 

the recommended range and 30.7% gained above the recommended range in the first half of 

pregnancy. By delivery, these numbers were reversed with 20.0% having low GWG, 18.2% 

adequate GWG, and the majority (61.8%) having high GWG (n=402). Of the women with 

high gain, there were two dominant patterns: those with consistently high gain across 

pregnancy and those with low or adequate gain for the first 20 weeks and high gain later 

(Figure 2).

The prevalence of SGA and LGA differed in our cohort according to these patterns of 

weight gain (Table 3). As expected, the group with consistently low gain had the highest rate 

of SGA (20.0%) and lowest rate of LGA (0.7%). Women with high weight gain across 

gestation had the highest rate of LGA births (13.4%). The early adequate/late high gain 

group had the lowest rate of SGA (11.6%) and a similar rate of LGA (9.8%). After 

accounting for maternal age, race, pre-pregnancy BMI, parity, smoking, preeclampsia, and 

GDM, women with consistently high GWG had a very high risk of LGA (OR 4.62, 95% CI 

1.53, 13.96) compared to those with adequate gain. LGA risk was also high for the early 

adequate/late high gainers (OR 3.07, 95% CI 1.01, 9.37) and SGA risk was lowest and 

borderline significant compared to women with adequate gain (OR 0.55, 95% CI 0.29, 1.07). 

Results were similar after excluding women with who gained more rapidly in the first 

compared to the second half of gestation (Table 4) and also after excluding women with 

preterm delivery, gestational diabetes, or preeclampsia.

We then modeled the association between GWG in the first 20 weeks of pregnancy and 

SGA or LGA risk, adjusting for later pregnancy weight gain (Table 5). Low GWG in the 

first 20 weeks was modestly associated with SGA risk but confidence limits were wide 
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(1.46, 95% CI 0.77, 2.77). In contrast, early high GWG was associated with a 2.93-fold 

excess risk of LGA (95% CI 1.16, 7.41), regardless of gain in the second half of pregnancy. 

There was no evidence of effect measure modification in any models by race/ethnicity or 

pre-pregnancy BMI.

Discussion

Our findings reveal four distinct patterns of gestational weight gain among overweight and 

obese women that may be important contributors to abnormal fetal growth. High gain in the 

first half of pregnancy occurred in 30% of women and was independently associated with 

LGA regardless of later gain. Low GWG in the first 20 weeks of pregnancy was also 

common but may not be associated with SGA when accompanied by high gain later in 

gestation. Indeed, the pattern associated with similar risk for both SGA and LGA was low 

early gain accompanied by high gain in the second half of pregnancy.

The mechanisms by which high early pregnancy weight gain may be related to LGA are still 

not understood. Excess substrate, perhaps related to insulin resistance, could program a fetus 

to be large, or perhaps the maternal metabolic profile is established early in gestation, thus 

adversely affecting the likelihood of the fetus gaining soft tissue in the latter half of 

gestation.19 It is also possible that LGA or fetal overgrowth is driven less by nutrition in the 

first half of pregnancy than by vascular factors related to placentation that are modulated by 

maternal adiposity.20

In addition to being less insulin sensitive, obese pregnant women have an impaired 

cholesterol response,21 higher blood pressure,22 less visceral fat, higher oxidized LDL, and 

evidence of chronic placental inflammation compared to normal-weight 

women.23-25, 26, 27, 28 Although pre-gravid weight is the primary determinant of maternal 

leptin during pregnancy, among obese women the gestational increase in leptin is lower than 

among normal weight women.29,30 Few studies have related these factors to fetal growth, 

but triglycerides, HDL-C, and leptin may have unique or opposite effects on fetal growth in 

obese women than they do in normal-weight women.31, 24, 32,33 It is possible that early 

GWG may reflect these and other factors such as glucose, adipokines and inflammation. For 

example, weight gain in the first trimester (but not after) is associated with post-load 

maternal glucose concentrations,34 and it is well established that excess glucose fuels 

overgrowth and perhaps induces epigenetic effects that predispose to childhood obesity.35

The link between early pregnancy weight gain and offspring risk for childhood obesity has 

been reported in at least two longitudinal cohorts.9,11 Others have observed that pre-

pregnancy obesity is more importantly related to newborn fatness assessed by skin calipers 

than GWG.36 While we were unable to directly measure fetal adiposity as in prior studies, 

our results do suggest that fetal growth may be affected by the time during pregnancy that 

weight gain occurs.

Our results also suggest that early GWG (before 20 weeks), while strongly related to LGA, 

is more modestly associated (if at all) with SGA risk unless accompanied by low GWG later 

on. Of note, the rate of SGA in this cohort was almost two times higher than the rate of 
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LGA, which was unexpected given the excess risk of fetal overgrowth associated with 

maternal obesity. The pattern of GWG may help explain these outcomes. For example, 

obese women who lose weight during pregnancy have excess SGA risk,37,38 and GWG 

below the recommended ranges among obese women increases risk of SGA from 2.7% to 

8.8%.39 Factors associated with low GWG and high rates of SGA among overweight and 

obese women are unknown, but race/ethnicity, stress, inflammation, and preeclampsia are 

risk factors for poor fetal growth that deserve further examination in studies that link 

maternal biomarkers, epigenetic changes, and placental function to abnormal fetal growth. 

Such studies may also shed light on race disparities in pregnancy weight-related outcomes, 

as African-American women are at highest risk of obesity and low GWG and of delivering 

SGA infants.

Several limitations of our study deserve mention. We did not have direct measures of soft 

tissue fat mass in newborns and relied upon birth weight-derived definitions of abnormal 

fetal growth. We did, however, use a recently developed global reference for fetal-weight 

which has been shown to improve classification of abnormal newborn size at birth and 

allows for comparability to other population studies of fetal growth.16 In the absence of 

guidance as to whether SGA and LGA are associated with equivalent offspring sequelae, we 

evaluated them as comparable, competing risks. To better understand the long-term 

consequences associated with the weight gain patterns during pregnancy that we detected, 

follow-up studies are needed that will evaluate childhood weight gain trajectories and 

maternal postpartum weight retention among overweight and obese mother-child dyads. For 

example, there may be metabolic consequences among mothers and their children following 

the GWG pattern of low early/late high gain. In addition, there were women with more rapid 

weight gain in the first compared to the second half of pregnancy (6%), and while this may 

be an informative GWG pattern we were unable to model risk for SGA or LGA in this group 

due to small numbers. Also, prevalence of adequate GWG was low and there were only 4 

LGA events within that group. Strengths of our study included a large, well-characterized 

prospective cohort of obese and overweight women with universal GDM screening and 

rigorously adjudicated hypertensive complications.

In summary, our results demonstrate that the pattern of weight gain during pregnancy may 

be an important contributor to, or marker of, abnormal fetal growth among overweight and 

obese women. Low weight gain early in pregnancy may not be detrimental when 

accompanied by higher gain later in pregnancy. In contrast, high gain early in gestation may 

be importantly related to risk of fetal overgrowth regardless of later gain. How the weight 

gain patterns we detected may be related to the maternal metabolic milieu during pregnancy 

and to later-life obesity risk for mother or child requires further study. Recommendations to 

further lower the target for pregnancy weight gain in obese women are not supported by our 

findings. Instead, setting targets for the first and second half of pregnancy may be clinically 

useful, especially for overweight and obese women.
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What is already known about this subject

• Offspring of overweight and obese mothers have a high risk of pediatric obesity

• Maternal obesity is related to increased risk of both large- and small-for-

gestational-age infants, and both are associated with pediatric obesity risk

• The pattern of gestational weight gain contributes to offspring obesity in 

normal-weight women.
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What this study adds

• In a cohort of predominantly overweight or obese mothers, there were more 

small- than large-for-gestational-age births

• High gestational weight gain before 20 weeks, regardless of gain later in 

pregnancy, was related to large-for-gestational-age births

• The pattern of weight gain during pregnancy may be an important contributor to 

or marker of abnormal fetal growth among overweight and obese women
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Figure 1. Study participants according to GWG in the first (up to 20 weeks') and second half of 
pregnancy (20 weeks to delivery), Pregnancy Evaluation and Preeclampsia Prevention Study, 
2008-2013
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Figure 2. Patterns of gestational weight gain across pregnancy, Pregnancy Evaluation and 
Preeclampsia Prevention Study, 2008-2013
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