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ABSTRACT
Background: Researchers have proposed biologically plausible
mechanisms linking excessive gestational weight gain (GWG) to
maternal metabolic and cardiovascular diseases later in life.
Objective: The objective was to determine the extent to which
GWG was associated with abdominal adiposity and other cardio-
metabolic risk factors in a sample of women 4–12 y after delivery.
Design: We used data from The Women’s and Infants’ Study of
Healthy Hearts, a cohort of women who gave birth between 1997
and 2002 at Magee-Womens Hospital in Pittsburgh, PA. By design,
women with small-for-gestational-age and preterm births were over-
sampled. Women with preeclampsia, prepregnancy hypertension, or
diabetes were excluded. GWG was ascertained from prenatal re-
cords, and GWG adequacy was assessed according to 2009 Institute
of Medicine/National Research Council guidelines. Abdominal obe-
sity was defined as waist circumference (WC) .88 cm and weight
change as current weight – prepregnancy weight.
Results: The prevalence of inadequate, adequate, and excessive
GWG was 22% (107/478), 30% (145/478), and 47% (226/478),
respectively. The analyses were adjusted for age at outcome assess-
ment, prepregnancy BMI, marital status and insurance at delivery,
race, smoking during target pregnancy, and current education, par-
ity, and smoking. Associations between excessive GWG and blood
pressure, lipids, glucose, insulin, and metabolic syndrome were null.
However, women with excessive GWG had a 3.6-kg (1.5, 5.6)
greater weight change, a 3.2-cm (1.2, 5.2) greater WC, and 3-fold
greater odds of abdominal obesity (2.9; 1.6, 5.1) compared with
women who gained weight as recommended.
Conclusion: Excessive GWG is associated with long-term maternal
abdominal adiposity, which may increase a woman’s risk of cardio-
vascular and metabolic disease. Am J Clin Nutr 2013;98:1218–
25.

INTRODUCTION

The prevalence of obesity is increasing worldwide, leading to
rising rates of diabetes mellitus and cardiovascular disease.
Obesity disproportionately affects women, both in terms of raw
prevalence and burden of disease attributable to obesity (1, 2).
Less than one-third of pregnant women gain within Institute of
Medicine (IOM)4/National Research Council (NRC) guidelines,
and most women gain above IOM/NRC recommendations (3).
The data suggest that excessive gestational weight gain (GWG)
is associated with postpartum weight retention and subsequent
obesity in the short (up to 3 mo postpartum) (4–6), intermediate

(3 mo–3 y) (4, 5, 7–10), and long term (up to 21 y postpartum)
(11–14). Researchers have proposed biologically plausible
mechanisms linking excessive GWG to maternal metabolic and
cardiovascular diseases later in life.

During pregnancy, women experience an increase in visceral
fat (15). When compared with women who remained nulliparous
during a 5-y follow-up period, women who had a single preg-
nancy had greater increases in waist-to-hip ratio that were in-
dependent of weight gain (16). Another study reported increases
in waist girth proportionately larger than increases in overall
weight gain observed with more births during follow-up, which
suggests that pregnancy promotes central adiposity (17). This
hypothesis was further supported in a longitudinal study as-
sessing changes in adiposity via computed tomography and dual-
energy X-ray absorptiometry that reported a greater increase in
visceral adipose tissue for similar gains in total body fat in
women with an interim birth compared with no interim birth
during a 5-y follow-up period (18). Visceral (or intraabdominal)
fat is more metabolically active than fat depots in other body
areas and is linked to a more adverse cardiometabolic profile
(19–23). Visceral fat is associated with an increased risk of heart
disease, diabetes, and the metabolic syndrome (19–23).

Higher GWG may contribute to excess later-life cardio-
metabolic risk. In a recent report, Fraser et al (24) observed
associations between excessive GWG and waist circumference
(WC; in cm) (b = 5.84; 95% CI: 4.15, 7.54) and risk of central
adiposity (OR: 2.67; 95% CI: 1.78, 4.01) even after adjustment
for many potential confounders, including parity, in mothers
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16 y after pregnancy. It is unclear whether these associations are
present in women earlier in their postpartum years. Moreover,
to our knowledge, there have been no studies examining the
potential associations between GWG and other measures of
cardiometabolic risk, such as cholesterol, glucose, and the met-
abolic syndrome. The primary aim of this study was to deter-
mine the extent to which GWG was associated with BMI, weight
change (current weight – prepregnancy weight), WC, and ab-
dominal obesity in a sample of women 4–12 y after delivery.
In exploratory analyses, we sought to determine the extent to
which GWG was associated with additional cardiometabolic
risk factors.

SUBJECTS AND METHODS

The Women’s and Infants’ Study of Healthy Hearts (WISH) is
a cohort study of cardiovascular disease risk factors assessed
among women 4–12 y after the delivery of singleton infants who
were either small for gestational age (SGA, ,10th percentile for
based on hospital nomograms), preterm (,37 wk of gestation),
or term non-SGA births. By design, women with SGA and pre-
term births were oversampled. Eligible women were those who
gave birth between 1997 and 2002 at Magee-Womens Hospital
in Pittsburgh, PA, who did not have preeclampsia or prepreg-
nancy hypertension or diabetes. Of the 4908 eligible women
identified via a hospital electronic birth registry, 1569 (32%)
were located via mail or phone and were screened (Figure 1). A
total of 818 women (53.8%) declined participation, and an ad-
ditional 49 women were ineligible because they were currently
pregnant or reporting that they had preeclampsia or chronic
hypertension before the target pregnancy. Of the women screened,
702 (45%) provided informed consent and were enrolled (318
term non-SGA births, 196 term SGA births, and 188 preterm
births). The 702 enrolled women were more likely to be African
American (28.6% compared with 24.4%; P = 0.02) and were
slightly older (37.3 compared with 36.8 y; P , 0.01) compared
with eligible women. Of the 702 women enrolled, 511 had data
on documented GWG. We excluded women who were post-
menopausal (n = 33). The Institutional Review Board of the
University of Pittsburgh approved this study.

GWG

Medical records for each woman’s target pregnancy were
reviewed to obtain pregnancy, labor, and delivery data. Pre-
pregnancy weight, recalled at the first prenatal visit, and ad-
mission weight at delivery (either measured or self-reported)
were abstracted from medical records. GWG was calculated by
subtracting the prepregnancy weight from weight at delivery
admission. At the WISH study visit, height (in cm) was mea-
sured with a stadiometer calibrated daily and current weight (in
kg) was measured on a standard balance beam scale that was
certified yearly by Allegheny County. Measurements took place
in the Bellefield Clinic, which serves as the clinical assessment
facility in numerous nationally funded studies conducted through
the University of Pittsburgh Department of Epidemiology. Pre-
pregnancy BMI (in kg/m2) [recalled pregravid weight (kg)/
measured height (m)2] and current BMI [measured weight (kg)/
measured height (m)2] were categorized as underweight (BMI
,18.5), normal weight (18.5–24.9), overweight (25.0–29.9), or
obese ($30.0). We defined the adequacy of GWG as the ratio of
observed GWG to expected (recommended) GWG at the ges-
tational age of delivery multiplied by 100, as described pre-
viously (25–27). Expected GWG was defined as 100% of the
2009 IOM/NRC recommendations at the gestational age of de-
livery (3). The percentage weight gain recommendations met
were classified as inadequate, adequate, or excessive based on
ranges of IOM/NRC-recommended weight gains (3, 25, 26).

Outcome measures

Weight change was calculated as current weight (kg) – pre-
pregnancy weight (kg). WC was measured with a metal tape
measure marked in centimeters and placed at the level of the
umbilicus. Abdominal obesity was defined as WC .88 cm.
Fasting (12 h) blood samples were collected by trained techni-
cians, and all assays were completed at the Nutrition Laboratory
in the Department of Epidemiology at the University of Pitts-
burgh, which is Clinical Laboratory Improvement Amend-
ments–certified and participates in the CDC–National Heart,
Lung and Blood Institute Lipid Standardization and College of
American Pathologists’ Proficiency Programs. Blood for the

FIGURE 1. Flowchart of participant recruitment and data analysis (final analytic sample, n = 478). GWG, gestational weight gain; SGA, small for
gestational age.
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lipid, glucose, and insulin assays was collected in a 10.0-mL
standard red-top evacuated tube. The blood was placed upright
at room temperature for 30 to 40 min and placed in the re-
frigerator if not processed within 45 min from the time of col-
lection. It was not to be stored in the refrigerator for .1 h. The
tubes were then centrifuged at 48C for 15 min at 1500 relative
centrifugal force. The blood was transferred to cryovials and
refrigerated with delivery to the laboratory on the day of col-
lection. Total cholesterol, HDL, and triglycerides were measured
in duplicate by using standard enzymatic procedures (28–30).
LDL was estimated by using the Friedewald calculation (31),
and women with triglycerides .400 mg/dL were excluded from
LDL specific analyses (n = 3). The CV ranged from 1.3% to
6.5%. Glucose was determined by an enzymatic determination
(32), and the CV was 1.8%. Insulin was measured by using
a radioimunnoassay procedure developed by Linco Research Inc
(CV: 2.6%). HOMA was calculated per Matthews et al (33).
Blood pressure was evaluated as the mean of 3 measurements
after a 10-min rest with a standard mercury sphygmomanometer.
The metabolic syndrome was defined by using Joint Interim
Statement criteria, which requires the presence of 3 of 5 possible
risk factors (34). These risk factors include the following: fast-
ing blood glucose of $100 mg/dL or glucose medication use,
triglycerides $150 mg/dL or triglyceride medication use, HDL
cholesterol ,50 mg/dL or HDL medication use, blood pressure
$130/85 or blood pressure medication use, and WC .88 cm.

Covariates

Delivery characteristics were abstracted from hospital birth
records. Birth outcomes were categorized as being preterm, SGA,
or term non-SGA infants. Women were categorized as having
delivered preterm (,37 wk of gestation) or term. SGA infants
were those less than the 10th percentile based on hospital-specific
nomograms accounting for gestational age, infant sex, and ma-
ternal race (35). In addition, select variables were abstracted
from the Magee Maternal and Infant database, including marital
status at delivery (married or marriage-like or unmarried), type
of insurance at delivery (private or other), and smoking during
target pregnancy (yes or no). At the WISH participant visit, data
on race-ethnicity (black, White, Asian/Pacific Islander, Native
American, or non-Hispanic compared with Hispanic) was ascer-
tained. Because of the small numbers of Asian/Pacific Islander,
Native American, and Hispanic participants and because GWG
patterns were similar between these groups and whites, the
participants were categorized into 2 groups: non-Hispanic black
and other. Additional covariates collected at the WISH partici-
pant visit included the following: maternal education (#high school
or$some college), current smoking (yes or no), and parity. Dura-
tion of lactation of the target pregnancy was assessed at the
WISH participant visit by asking women, “How old was your
child when you stopped nursing?” Physical activity was assessed
with the Pfaffenberger Physical Activity Scale and is reported as
metabolic equivalent hours/wk (36).

Statistical methods

Characteristics of women with excessive, adequate, and in-
adequate GWG were compared by using chi-square and ANOVA
tests. For characteristics that differed significantly at P , 0.05,

we completed pairwise comparisons, comparing both those who
gained inadequately and excessively with those who gained ade-
quately; for the pairwise comparisons, a P value of 0.025 was
considered significant to account for multiple comparisons. The
distributions of BMI, triglycerides, glucose, and insulin were
skewed and therefore were natural log-transformed for analysis.
Weight change, WC, systolic blood pressure, diastolic blood
pressure, HDL, LDL, and total cholesterol were normally dis-
tributed. We also examined the distribution of GWG by pre-
pregnancy BMI by using ANOVA.

Multivariable linear and logistic regression were used to de-
termine whether excessive or inadequate GWG was associated
with BMI, weight change, WC, and risk of abdominal obesity and
each additional measure of cardiometabolic risk compared with
adequate GWG. Potential confounders were selected a priori.
After initial adjustment for time from target pregnancy, maternal
age at outcome assessment, prepregnancy BMI, offspring sex,
socioeconomic variables (marital status and type of insurance at
delivery of target pregnancy), race, and smoking during target
pregnancy; subsequent models were additionally adjusted for
current parity, education, and smoking. To be consistent, and thus
comparable with existing literature, we additionally adjusted for
variables that may be on the causal pathway linking GWG to
maternal cardiometabolic risk. These covariates included birth
outcome of target pregnancy, gestational age of target pregnancy,
mode of delivery, duration of lactation after target pregnancy, and
current physical activity. In this set of analyses, to account for
multiple comparisons (ie, numerous outcomes) while accounting
for the modest sample size, a P value of 0.01 was used to de-
termine statistical significance.

Subjects with missing covariate data were dropped from
analyses involving that covariate; all covariates were present for
.99% of participants. Potential issues of collinearity were ex-
amined by using the tolerance statistic, with #0.10 indicative of
collinearity. Effect modification by prepregnancy BMI (as
a continuous variable) was assessed by using a likelihood ratio
test (a = 0.10). For variables that were natural log transformed,
estimates were back transformed by using the following for-
mula: 1003 [exp(estimate) 21]. Analyses were performed with
SAS (version 9.2; SAS Institute, Inc).

RESULTS

The final analytic sample was 478. Women included in the
study sample were similar to women excluded on a variety of
sociodemographic and lifestyle characteristics (see Supplementary
Table S1 under “Supplemental data” in the online issue). How-
ever, women excluded from the sample were more likely to have
had a preterm birth (41% compared with 20%); less likely to be
married (47% compared with 57%); less likely to have com-
pleted some college (49% compared with 58%); less likely to
have a higher WC (mean 6 SD: 92.92 6 16 compared with
90.14 6 15), systolic blood pressure (108.77 6 13 compared
with 106.71 6 12), diastolic blood pressure (71.03 6 9 com-
pared with 69.51 6 9), and LDL cholesterol (117.36 6 32
compared with 109.48 6 33); and less likely to have a lower
HDL cholesterol (54.40 6 14 compared with 58.31 6 14) than
women included in the study sample (all P , 0.05).

GWG among participating mothers was classified as inadequate
(22%), adequate (30%), and excessive (47%) according to the

1220 MCCLURE ET AL



2009 IOM/NRC gestational weight gain guidelines (Table 1).
Women who gained excessively were more likely to have had
a preterm birth, were less likely to be married, and were less
likely to have a college education than were women who gained
as recommended.

Women who were obese before pregnancy were most likely to
gain excessively; however, on average, they gained less weight
during pregnancy than did normal-weight women (underweight:
13.28 6 6 kg; normal weight: 14.51 6 5 kg; overweight: 13.27
6 7 kg; obese: 9.736 8 kg; P, 0.01). Thus, heavier women do
not necessarily gain more weight in pregnancy; however, they
are more readily categorized as excessive because the guidelines
recommend lower weight gain thresholds for this group.

Women were assessed, on average, at 8 y postpartum (8.196 2
y). In unadjusted analyses, women who gained excessively had
the greatest BMI, weight change, WC, and rate of abdominal
obesity, followed by women who gained adequately, and then
those who gained inadequately (Table 2). Similarly, women who
gained excessively had the highest rate of metabolic syndrome
and had the lowest HDL followed by women who gained ade-
quately, and then women who gained inadequately.

Adequacy of GWG was independently associated with mea-
sures of adiposity in the years after pregnancy (Table 3). After
adjustment for prepregnancy BMI, offspring sex, marital status
at delivery of target pregnancy, type of insurance at delivery of
target pregnancy, race, smoking during target pregnancy, time

TABLE 1

Participant characteristics by Institute of Medicine/National Research Council category of GWG (n = 478)1

No. of

subjects All participants

Inadequate GWG

(n = 107; 22%)

Adequate GWG

(n = 145; 30%)

Excessive GWG

(n = 226; 47%) P2

Prepregnancy BMI (kg/m2) 478 24.17 6 53 23.91 6 6 23.49 6 4 24.73 6 5 0.05

Prepregnancy BMI [n (%)] 478 ,0.01

Underweight 18 (4) 9 (8) 4 (3) 5 (2)

Normal weight 304 (64) 70 (65) 102 (70) 132 (58)

Overweight 104 (22) 15 (14) 31 (21) 58 (26)

Obese 52 (11) 13 (12) 8 (6) 31 (14)

Target pregnancy outcome [n (%)] 478 ,0.014

Preterm 97 (20) 15 (14) 21 (14) 61 (27)

SGA 136 (28) 47 (44) 41 (28) 48 (21)

Term non-SGA 245 (51) 45 (42) 83 (57) 117 (52)

Gestational age of target pregnancy (wk) 478 39 (37–40)5 39 (38–40) 39 (38–40) 39 (36–40) 0.044

Mode of delivery [n (%)] 478 0.35

Vaginal 401 (84) 91 (85) 126 (87) 184 (81)

Cesarean 77 (16) 16 (15) 19 (13) 42 (19)

Offspring sex, target pregnancy [n (%)] 477 0.85

Male 230 (48) 50 (47) 68 (47) 112 (50)

Female 247 (52) 57 (53) 76 (53) 114 (50)

Duration of lactation, target pregnancy (mo) 478 1 (0–7) 0 (0–6) 3 (0–8) 1 (0–6) 0.31

Marital status at delivery [n (%)] 478 0.044

Unmarried 204 (43) 44 (41) 51 (35) 109 (48)

Married/married-like 274 (57) 63 (59) 94 (65) 117 (52)

Insurance at delivery [n (%)] 478 0.06

Private 319 (67) 63 (59) 106 (73) 150 (66)

Other 159 (33) 44 (41) 39 (27) 76 (34)

Smoked during target pregnancy [n (%)] 477 106 (22) 29 (27) 28 (19) 49 (22) 0.31

Age at time of outcome assessment (y) 478 37.40 6 7 38.04 6 7 37.37 6 7 37.11 6 7 0.54

Time since target pregnancy (y) 478 8.19 6 2 8.16 6 2 8.05 6 2 8.30 6 2 0.41

Race-ethnicity [n (%)] 478 0.07

Non-Hispanic black 127 (27) 36 (34) 30 (21) 61 (27)

Other6 351 (73) 71 (66) 115 (79) 165 (73)

Maternal education [n (%)] 478 0.044

#High school 151 (32) 33 (31) 35 (24) 83 (37)

$Some college 327 (68) 74 (69) 110 (76) 143 (63)

Current smoker [n (%)] 478 138 (29) 32 (30) 28 (19) 78 (35) ,0.01

Physical activity (MET-h/wk) 477 8.75 (4–17) 8.25 (3–17) 8.50 (3–16) 9.17 (4–17) 0.16

Parity [n (%)] 478 0.38

1 70 (15) 16 (15) 24 (17) 30 (13)

2 217 (45) 53 (50) 69 (48) 95 (42)

$3 191 (40) 38 (36) 52 (36) 101 (45)

1GWG, gestational weight gain; MET, metabolic equivalent task; SGA, small for gestational age.
2Results were derived from chi-square tests or ANOVA.
3Mean 6 SD (all such values).
4 P value for the comparison of excessive with adequate ,0.025 (chi-square test, t test, or Wilcoxon’s rank-sum test). There were no significant

differences between the inadequate and adequate groups.
5Median; IQR in parentheses (all such values).
6Other races include white, Asian/Pacific Islander, Native American, and Hispanic.

GESTATIONAL WEIGHT GAIN AND CARDIOMETABOLIC RISK 1221



from target pregnancy, age at outcome assessment, and current
education, parity, and smoking, women with inadequate GWG
by IOM/NRC recommendations had a 5.4% (2.5%, 8.3%) lower
BMI and a 3.4 kg (0.99, 5.7 kg) lower weight change than did
women who gained weight as recommended (model 2). Women
with excessive GWG had a 4.9% (2.2%, 7.6%) higher BMI,
a 3.6-kg (1.5, 5.6 kg) greater weight change, a 3.2-cm (1.2, 5.2)
greater WC, and a 3-fold greater odds of abdominal obesity
(OR: 2.9; 95% CI: 1.6, 5.1) than did women who gained weight
as recommended (model 2). Additional adjustment for co-
variates on the potential pathway linking GWG to maternal
cardiometabolic health had a minimal effect on these estimates
(model 3). We did not observe significant associations between
inadequate or excessive GWG and blood pressure, triglycerides,
LDL, total cholesterol, glucose, insulin, or the metabolic syn-
drome.

Interactions between adequacy of GWG and prepregnancy
BMI were evaluated for each measure of adiposity and car-
diometabolic risk examined by entering the cross product of
GWG and prepregnancy BMI into each model. No significant
interactions between adequacy of GWG and prepregnancy BMI
were found for any of themeasures of adiposity or cardiometabolic
risk factors examined.

DISCUSSION

In this analysis, we showed that when compared with women
who gained weight during pregnancy as recommended by the
IOM/NRC, women who gained an excessive amount of weight
had significantly greater BMI, weight change, larger WC, and
a higher odds of abdominal obesity at 8 y postpartum. These
relations persisted after adjustment for many socioeconomic and

lifestyle factors. These results suggest that excessive GWG is
associated with overall adiposity, and specifically with fat de-
position in the abdominal region. These results build on previous
work reporting associations of both parity and GWG with
postpartum weight retention and BMI, showing that excessive
GWG is not only associated with long-term maternal weight and
overall body fat, but perhaps specifically with abdominal fat.

Our finding of greater BMI at 8 y with excessive GWG is
consistent with previous studies (4–10). However, few studies
have assessed the effect of GWG on BMI beyond 3 y postpartum
(11–14). A potential mechanism linking excessive GWG to
long-term adiposity is postpartum weight retention; indeed, we
observed a significant independent association between exces-
sive GWG and weight change. However, these relations could
also be explained by behaviors that persisted, or began in preg-
nancy, that promote greater adiposity, which continue into later
life or may simply reflect the tracking of weight throughout the
life span.

We also showed that women who gained more than recom-
mended have greater abdominal adiposity, as indicated by WC
and abdominal obesity, when compared with women who gained
as recommended. The relation between excessive GWG and
greater abdominal adiposity is supported by findings of increased
visceral fat with parity (16–18, 37–40). To date, we are only
aware of one study that has examined the association between
GWG and maternal abdominal adiposity. Fraser et al (24) re-
ported associations between excessive GWG and WC (cm) (b =
5.84 (95% CI: 4.15, 7.54) and risk of central adiposity (OR:
2.67; 95% CI: 1.78, 4.01) even after adjustment for many po-
tential confounders, including parity, in mothers 16 y after
pregnancy. Our results further support the hypothesis that ex-
cessive GWG may contribute to increased abdominal fat gained

TABLE 2

Participant measures of cardiometabolic risk by Institute of Medicine/National Research Council category of GWG (n = 478)1

Inadequate GWG

(n = 107; 22%)

Adequate GWG

(n = 145; 30%)

Excessive GWG

(n = 226; 47%) P2

BMI (kg/m2) 25.00 6 73 25.68 6 6 28.45 6 7 ,0.01

Weight change, current weight 2 prepregnancy weight (kg) 2.91 6 7 5.86 6 9 10.06 6 11 ,0.01

Waist circumference (cm) 86.20 6 15 87.37 6 13 93.78 6 15 ,0.01

Abdominal obesity, waist circumference .88 cm [n (%)] 42 (17) 57 (24) 142 (59) ,0.01

SBP (mm Hg) 107.31 6 13 106.46 6 11 107.07 6 10 0.81

DBP (mm Hg) 69.84 6 9 69.33 6 7 69.77 6 8 0.84

Triglycerides (mg/dL) 85 (58–124)4 88 (65–128) 86.5 (66–131) 0.24

HDL (mg/dL) 60.77 6 15 60.06 6 14 56.00 6 14 ,0.01

LDL (mg/dL) 109.58 6 35 105.48 6 33 112.08 6 32 0.17

Total cholesterol (mg/dL) 189.07 6 38 185.79 6 39 189.93 6 39 0.59

Glucose (mg/dL) 93 (88–98) 92 (88–99) 93 (89–98) 0.61

Insulin (IU/mL) 8.60 (7–11) 9.45 (7–12) 9.90 (7–13) 0.15

Metabolic syndrome 14 (17) 18 (22) 49 (60) 0.03

Components of the metabolic syndrome [n (%)]

Fasting blood glucose $100 mg/dL5 24 (24) 31 (31) 26 (46) 0.91

Blood pressure $130/85 mm Hg5 10 (28) 8 (22) 18 (50) 0.49

Triglycerides $150 mg/dL5 13 (16) 25 (32) 41 (52) 0.37

HDL cholesterol ,50 mg/dL5 31 (20) 36 (24) 86 (56) 0.02

Waist circumference .88 cm 42 (17) 57 (24) 142 (59) ,0.01

1DBP, diastolic blood pressure; GWG, gestational weight gain; SBP, systolic blood pressure.
2Results were derived from chi-square tests or ANOVA.
3Mean 6 SD (all such values).
4Median; IQR in parentheses (all such values).
5Either the condition for each metabolic criterion was met or the individual was taking medication for the specific condition (eg, blood pressure).
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TABLE 3

Relations between Institute of Medicine/National Research Council category of GWG and established measures of cardiometabolic risk1

Outcome and category No. of subjects Model 12 Model 23 Model 34

BMI (kg/m2)5 477

Inadequate 25.49 (28.34, 22.55)6 25.43 (28.30, 22.48)6 25.14 (28.02, 22.16)6

Adequate Reference Reference Reference

Excessive 4.62 (1.99, 7.32)6 4.85 (2.16, 7.61)6 5.24 (2.52, 8.04)6

Weight change (kg)7 477

Inadequate 23.41 (25.77, 21.04)6 23.36 (25.73, 20.99)6 23.13 (25.51, 20.75)

Adequate Reference Reference Reference

Excessive 3.40 (1.43, 5.36)6 3.55 (1.54, 5.55)6 3.88 (1.86, 5.90)6

Waist circumference (cm)7 477

Inadequate 22.82 (25.16, 20.46) 22.81 (25.17, 20.45) 22.43 (24.78, 20.069)

Adequate Reference Reference Reference

Excessive 3.32 (1.27, 5.28)6 3.21 (1.21, 5.21)6 3.52 (1.52, 5.52)6

Abdominal obesity, waist circumference .88 cm8 477

Inadequate 0.66 (0.32, 1.36) 0.66 (0.32, 1.36) 0.74 (0.35, 1.57)

Adequate Reference Reference Reference

Excessive 3.00 (1.70, 5.30)6 2.87 (1.61, 5.12)6 3.34 (1.80, 6.17)6

Systolic blood pressure (mm Hg)7 476

Inadequate 20.68 (23.32, 1.95) 20.71 (23.35, 1.94) 20.51 (23.17, 2.16)

Adequate Reference Reference Reference

Excessive 20.61 (22.80, 1.59) 20.67 (22.91, 1.56) 20.79 (23.06, 1.47)

Diastolic blood pressure (mm Hg)7 476

Inadequate 20.41 (22.36, 1.55) 20.37 (22.33, 1.59) 20.36 (22.34, 1.62)

Adequate Reference Reference Reference

Excessive 20.27 (21.90, 1.35) 20.31 (21.96, 1.35) 20.35 (22.03, 1.33)

Triglycerides (mg/dL)5 471

Inadequate 25.04 (215.98, 7.33) 26.27 (216.92, 5.74) 25.50 (216.23, 6.61)

Adequate Reference Reference Reference

Excessive 3.80 (26.22, 14.89) 1.02 (28.73, 11.82) 20.034 (29.73, 10.71)

HDL (mg/dL)7 471

Inadequate 1.49 (21.81, 4.79) 1.52 (21.78, 4.81) 1.46 (21.88, 4.79)

Adequate Reference Reference Reference

Excessive 22.89 (25.63, 20.16) 22.23 (25.00, 0.54) 22.51 (25.33, 0.31)

LDL (mg/dL)7 468

Inadequate 3.97 (24.19, 12.14) 3.81 (24.39, 12.01) 3.65 (24.59, 11.90)

Adequate Reference Reference Reference

Excessive 6.23 (20.54, 13.00) 6.07 (20.84, 12.97) 4.97 (22.01, 11.94)

Total cholesterol (mg/dL)7 471

Inadequate 4.13 (25.24, 13.49) 3.73 (25.67, 13.13) 3.65 (25.76, 13.05)

Adequate Reference Reference Reference

Excessive 4.72 (23.05, 12.49) 4.60 (23.31, 12.52) 2.85 (25.12, 10.81)

Glucose (mg/dL)5 471

Inadequate 0.46 (22.26, 3.26) 0.41 (22.32, 3.22) 0.49 (22.28, 3.34)

Adequate Reference Reference Reference

Excessive 0.58 (21.68, 2.90) 0.66 (21.65, 3.03) 0.54 (21.81, 2.95)

Insulin (IU/mL)5 467

Inadequate 28.23 (218.34, 3.13) 28.29 (218.45, 3.13) 28.82 (218.98, 2.61)

Adequate Reference Reference Reference

Excessive 20.75 (29.84, 9.25) 20.31 (29.62, 9.96) 0.26 (29.20, 10.72)

HOMA5

Inadequate 467 210.78 (222.28, 2.43) 210.78 (222.35, 2.52) 211.43 (222.97, 1.83)

Adequate Reference Reference Reference

Excessive 20.33 (211.04, 11.65) 0.28 (210.70, 12.62) 1.29 (29.91, 13.88)

Metabolic syndrome8 477

Inadequate 0.72 (0.31, 1.65) 0.69 (0.30, 1.62) 0.70 (0.30, 1.65)

Adequate Reference Reference Reference

Excessive 1.54 (0.81, 2.93) 1.40 (0.72, 2.71) 1.39 (0.71, 2.71)

1Results were derived from linear or logistic regression models. 95% CIs in parentheses. GWG, gestational weight gain.
2Adjusted for time from target pregnancy, age at outcome assessment, prepregnancy BMI, marital status at delivery, insurance at delivery, race, and

smoking during target pregnancy.
3Adjusted as for model 1 plus current education, parity, and smoking.
4Adjusted as for model 1 plus gestational age of target pregnancy, target pregnancy outcome, mode of delivery, duration of lactation after target

pregnancy, and current physical activity.
5Values are percentage differences. For variables that were natural log transformed, estimates were back transformed by using the following formula:

100 3 [exp(estimate) 2 1].
6 P # 0.01.
7Values are b.
8Values are ORs.
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with pregnancy. However, because our study was observational
in nature, we do not know whether higher amounts of adiposity,
both overall and abdominal, indicate actual weight retained or
postpartum weight gained.

In contrast with results reported by Fraser et al (24), we did not
observe significant associations between GWG and blood pres-
sure. Differences in our results may have been due to differences
in population characteristics, such as ethnic composition. Fur-
thermore, the average follow-up time in our study was only 8 y
compared with the 16-y average reported by Fraser et al; thus, it is
possible that associations of GWG with blood pressure, or other
metabolic variables, may emerge with greater follow-up time.
We did, however, observe an association between excessive
GWG and HDL cholesterol that was attenuated somewhat by
adjustment for parity, education, and smoking. Although the
association between excessive GWG and higher blood pressure
suggests a link through vascular mechanisms, our observation of
an increased risk of low HDL with excessive GWG suggests that
further exploration into the metabolic effects of GWG may be
warranted.

Our findings must be interpreted with the understanding that
all observational studies may be subject to residual confounding.
This analysis was limited to women who agreed to enroll in the
WISH study and had complete data for the analyses. Women
excluded from these analyses were more likely to deliver preterm
infants and were less likely to be married or have completed some
college at the time of delivery of target pregnancy and had a
greater WC, blood pressure, HDL cholesterol, and LDL cho-
lesterol than did women included in the study sample. Each of
these factors introduces potential for selection bias. These results
also may not be generalizable to other populations because of the
recruitment of a convenience sample of women enriched for the
delivery of SGA or preterm births at a single, high-risk referral
hospital in Pittsburgh, PA.

Prepregnancy weight, recalled at the first prenatal visit, and
admission weight at delivery (either measured or self-reported)
were abstracted from medical records. This method of ascer-
tainment introduces a potential for bias into the calculation of
total GWG. Data suggest that both self-reported delivery weight
and recalled pregravid weight are underreported on average, but
may vary widely among individuals (41–43). Future research,
including physical measures of both pregravid and delivery
weights, are warranted to determine the true accuracy of GWG
documented in medical records.

Because prepregnancy BMI is known to affect the adequacy of
GWG and would be associated with long-term adiposity, we were
particularly interested in examining effect modification by pre-
pregnancy BMI. However, our efforts were limited by the small
number of women who were overweight or obese before preg-
nancy. Therefore, studies with larger samples of women who
were overweight and obese before pregnancy remain needed to
parse out the extent to which the associations between GWG and
adiposity vary by prepregnancy BMI.

Furthermore, although we adjusted for birth outcome, future
studies of the relation between GWG and cardiometabolic health
in larger samples of women with prior preterm and SGA births
may aid in describing the relations between GWG and car-
diometabolic health in these high-risk populations. It is important
to note that when we limited our analyses to women with un-
complicated pregnancies, results were similar but precision was

compromised (see Supplementary Table S2 under “Supplemental
data” in the online issue). In addition, our estimates in uncom-
plicated pregnancies were similar to those reported in Fraser
et al’s sample of term deliveries.

Furthermore, studies of the effects of GWG on maternal health,
including those assessing the relation between GWG and post-
partumweight retention, can be criticized for focusing on a single
pregnancy. Indeed, in our analysis we were unable to adjust
for characteristics of intervening reproductive events. To better
understand the relation between GWG and long-term maternal
health, longitudinal data covering each of a woman’s pregnancies
are needed (44). Finally, our approach in model 3, which adjusts
for potential mediators, may lead to collider stratification bias
(45).

The strengths of our study include a large number of women
with pregnancy data abstracted from medical records and phy-
sical measurements, fasting blood samples, and interview data
collected at 8 y postpartum. GWG guidelines were recently
updated to more adequately balance risks between mothers and
their offspring (3). However, the 2009 IOM/NRC report called for
increased research into the effects of GWG on long-term ma-
ternal health outcomes because of the lack of research in this area.
Our results further support initiatives to examine the potential
long-term effects of inadequate and excessive GWG on long-term
maternal health because of the link between abdominal adiposity
and chronic disease risk.
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