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ABSTRACT

Background: Excessive gestational weight gain (GWG) is associ-
ated with postpartum weight retention (PPWR) and abdominal ad-
iposity, but long-term effects are understudied in low-income and
minority populations at high risk of obesity and associated sequelae.
Objective: We examined associations between GWG and long-term
PPWR and adiposity in a prospective cohort of African American
and Dominican mothers in the Bronx and Northern Manhattan.
Design: Women (n = 302) were enrolled during pregnancy and were
followed for 7 y postpartum. Linear regression was used to relate
excessive GWG [greater than 2009 Institute of Medicine (IOM)
guidelines] to outcomes [percentage body fat and long-term PPWR
(change in weight from prepregnancy to 7 y postpartum)], adjusting
for covariates and included an interaction term between prepregnancy
body mass index (BMI; in kg/m?) and GWG.

Results: Mean = SD prepregnancy BMI and total GWG were 25.6 *+
5.8 (42% of women had BMI =25) and 16.6 = 7.8 kg (64%
of women had total GWG greater than IOM guidelines), respec-
tively. Associations between GWG and long-term PPWR and the
percentage body fat varied by prepregnancy BMI (P-interaction =
0.06); excessive GWG was associated with a higher percentage
body fat and greater long-term PPWR in mothers with lower pre-
pregnancy BMI. To illustrate the interaction, a predicted covariate-
adjusted model, which was used to derive estimates for the percentage
body fat and PPWR associated with excessive GWG, was estimated
for 2 prepregnancy BMI examples. For a woman with prepregnancy
BMI of 22, excessive GWG was associated with 3.0% higher body fat
(P < 0.001) and a 5.6-kg higher PPWR (P < 0.001); however, for a
woman with a prepregnancy BMI of 30, excessive GWG was asso-
ciated with 0.58% higher body fat (P = 0.55) and 2.06 kg PPWR
(P =0.24).

Conclusions: Long-term adiposity and PPWR in low-income Af-
rican American and Dominican mothers were predicted by inter-
acting effects of prepregnancy BMI and excessive GWG. The
provision of support for mothers to begin pregnancy at a healthy
weight and to gain weight appropriately during pregnancy may
have important lasting implications for weight-related health in

Am J Clin Nutr doi: 10.3945/ajcn.115.116939. Printed in USA. © 2015 American Society for Nutrition

this population. This study was registered at clinicaltrials.gov as
NCT00043498. Am J Clin Nutr doi: 10.3945/ajcn.115.116939.
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INTRODUCTION

Overweight and obesity disproportionally affect minority
populations. In women of childbearing age, 59% of all women
are overweight or obese [BMI (in kg/mz) =25]; however, the
prevalence of overweight or obesity is strikingly higher in non-
Hispanic black (80%) and Hispanic (70%) women (1). The high
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prevalence of overweight and obesity in these subgroups may
contribute to disparities observed for a number of maternal and
child health outcomes such as preterm birth, childhood obesity,
and postpartum weight retention (PPWR)M (2). Gestational weight
gain (GWG) may play a role in these health disparities (2) and,
importantly, is potentially modifiable.

In 2009, the Institute of Medicine (IOM) issued revised rec-
ommendations for GWG that were specific to a prepregnancy
BMI group (3). Despite the recommendations, most women in the
United States gain above these guidelines; in recent estimates
from 28 states, 47% of women had excessive GWG (greater than
IOM guidelines), 32% of women gained within the guidelines,
and 21% of women had inadequate GWG (less than IOM
guidelines) (4). Prepregnancy BMI influences adherence; com-
pared with normal-weight women, women with prepregnancy
overweight or obesity are more likely to have excessive GWG,
whereas inadequate GWG is more common in underweight
women and in women with class II (BMI: 35.0-39.9) and class
IIT (BMI =40) obesity (4). Although the prevalence of over-
weight and obesity is higher in non-Hispanic black and Hispanic
women, these women are not more likely to gain excessively
than other racial-ethnic groups (4).

There has been consistent evidence that high GWG is positively
associated with PPWR (5, 6). From a meta-analysis of 11 studies,
women with high GWG retained 3.21 kg at 1-15 y postpartum.
Similar associations were observed in a meta-analysis of 9 studies
that focused on longer-term PPWR (=3 y), whereby women with
high GWG retained ~3.06 and ~4.7 kg body weight after 3
and =15 y postpartum, respectively (7).

Although it has been presumed that much of PPWR reflects
adipose tissue, the composition of retained weight is understudied.
GWG includes maternal, fetal, and supporting components (8); the
maternal component of GWG includes increments of fat mass.
Women with high GWG gain greater fat mass during pregnancy
(9, 10); but whether these women retain this fat mass beyond the
immediate postpartum period (and, thus, have a greater percentage
body fat) is unclear. To our knowledge, no previous studies have
examined the association between GWG and long-term PPWR and
overall body fat in a low-income, urban, and minority population,
which is a population at high risk of obesity. Our objective was
to evaluate the association between GWG and maternal body
composition and size at 7 y postpartum in African American and
Dominican women. We hypothesized that excessive GWG and
total GWG (kg; continuous) would be positively associated with
long-term body fat, PPWR, and BMI, and, in addition, that effects
of GWG would vary by prepregnancy BMIL.

METHODS

Participants were a subset of mothers (n = 302) enrolled in the
Columbia Center for Children’s Environmental Health prospec-
tive birth cohort located in Northern Manhattan and the South
Bronx, which has been previously described (clinicaltrials.gov;
NCT00043498) (11, 12). From 1998 to 2006, women who self-
identified as African American or Dominican (n = 727) were

10 Abbreviations used: DNBC, Danish National Birth Cohort; GWG, ges-
tational weight gain; IOM, Institute of Medicine; PPWR, postpartum weight
retention; WC, waist circumference.
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enrolled during pregnancy. To be eligible for the study, mothers
needed to be 18-35 y old, reside in the study area for at least 1y,
and attend a prenatal care visit before 20 wk of gestation. Women
were excluded if they self-reported having diabetes, hypertension,
HIV, or used illicit drugs or cigarettes during pregnancy. The
prenatal visit occurred during the third trimester and included
measurements and questionnaires. During this visit, a self-report
of prepregnancy weight, education, receipt of public assistance,
ability to afford food during pregnancy, and previous pregnancy
history was obtained.

Mothers and their children have been followed prospectively
since delivery. This report focuses on data collected from 1998 to
2013. After delivery, medical records were abstracted to obtain the
prenatal medical history, birth outcomes, and maternal weight at the
last prenatal visit. A maternal report of breastfeeding was obtained at
3, 6,9, 12, and 24 mo postpartum. Height was obtained =3 times in
participants; mothers self-reported height at the prenatal interview,
the medical record height was abstracted after delivery, and height
was assessed with a stadiometer at 7 y postpartum (before January
2010: Cardinal Scale Manufacturing Co.; after January 2010:
Holtain Ltd.). The protocol for addressing disparate maternal
height data has been previously described in detail (13). At7y
postpartum, maternal body weight (kg) and bioelectrical im-
pedance estimates of the percentage body fat were obtained
with the use of the Tanita Digital Body Mass Indicator Scale
BC-418 (Tanita Corp.) according to standard procedures. Mothers
were assessed during the study visit, which was held at varying
times of day; thus, measurements were obtained in the nonfasting
state. Bioelectrical impedence measurements were not conducted
if the participant was pregnant. A maternal report of interim
pregnancies was obtained at 7 y postpartum. Interim pregnancies
reported at 5 y were used for one women with missing data at
7y. Study procedures at enrollment and follow-up were approved
by the Columbia University Institutional Review Board. Written
informed consent was obtained from all enrolled women.

Analyses were conducted with Stata 12.0 software (StataCorp LP).
An «a = 0.05 was used for statistical tests, and an o = 0.1 was used
for statistical tests of interactions. To evaluate for selection bias,
baseline characteristics were compared between included and ex-
cluded mothers with the use of parametric tests for continuously,
normally distributed variables and nonparametric tests as appropriate.

Total GWG was calculated by subtracting the last prenatal visit
weight from the prepregnancy weight. The GWG percentage of
adequacy was determined by dividing the observed total GWG by
the expected GWG as follows:

GWG percentage of adequacy = (observed total GWG
-+ expected GWG) X 100 (7)

Expected GWG was determined with the following equation
(IOM 2009 guidelines) (3):

Expected GWG = IOM recommended first-trimester gain
+ (gestational age — 13 wk)
X recommended rate of GWG for

second and third trimesters (2)

First-trimester gains for the expected GWG calculation were 2 kg
for underweight and normal-weight women, 1 kg for overweight
women, and 0.5 kg for obese women. Ratios that exceeded the
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2009 IOM recommendations were coded as an excessive GWG as
previously described (13). This calculation for the determination
of excessive GWG incorporates gestational age and reflects that
women with longer gestations may have a greater total weight
gain (13).

Multivariable linear and logistic regression models were used
to assess the association between GWG and outcomes. GWG was
modeled as both the total gain (kg; continuous variable) and the
adequacy of GWG (dichotomous variable: excessive or not
excessive (referent) (IOM 2009 guidelines) (3). The primary
dependent variables were /) long-term PPWR, which was cal-
culated as the weight change from prepregnancy to 7 y post-
partum; 2) body fat assessed with bioelectrical impedance
analysis; 3) BMI at 7 y postpartum and in mothers who were
not obese prepregnancy (n = 235); and 4) risk of obesity at 7 y
postpartum (BMI >30). We evaluated if the effects of GWG
varied by prepregnancy BMI by including an interaction term
between these variables. Because interaction effect estimation
can be susceptible to the choice of cutoffs used when one
interaction partner is modeled as a dichotomous or categorical
variable, prepregnancy BMI was modeled as a continuous vari-
able. This choice allowed for the observation of any interaction
effects across the full range of the prepregnancy BMI data.
Although this approach provides more-valid estimates of in-
teraction effects, the interpretation of the linear combinations
of B coefficients is more challenging. Therefore, to inform the
interpretation of the interaction effects, model-derived, covariate-
adjusted estimates of the association between excessive GWG and
the outcomes were made for specific prepregnancy BMI values.
Specifically, the effect of excessive GWG on outcomes was es-
timated for a prepregnancy BMI of 22 and 30. Other covariates in
the multivariate model included maternal education (>12 y; yes
or no), maternal race-ethnicity (categorical), receipt of public
assistance (yes or no), ability to afford food in pregnancy (yes or
no), parity (continuous), prenatal demoralization (i.e., psycho-
logical distress) previously described (14, 15) (score >1.55 was
coded as high; yes or /no), live births since the index pregnancy
(range: 0-3; continuous), and months postpartum at measurement
(mo; continuous). Gestational age at the last measured prenatal
weight was also included in the models (wk; continuous). To be
consistent with the literature, we added the breastfeeding duration
(coded as weeks of any breastfeeding) to an additional set of
models because this variable may be on the causal pathway be-
tween GWG and long-term weight retention and adiposity.

As in our previous report on GWG in this cohort (13), many
women were missing weights within close proximity to delivery.
Of women with prepregnancy weight, covariates, and data at 7 y
(n =302), the last prenatal weight was obtained at a mean * SD
of 4.2 = 4.9 d before delivery (range: 0-26 d). However, for 50
of these women, weights were obtained from 8 to 26 d before
delivery. A sensitivity analysis was conducted to assess whether
the exclusion of these 50 women influenced associations.

In addition, we conducted inverse probability weighting to
assess effects of attrition and incomplete follow-up on observed
associations with the use of methods previously described in this
cohort (11, 13, 16); this assessment allowed for the estimation of
biases that were due to sample attrition and missing data, which
could have potentially affected associations if biases were dif-
ferential by GWG or other important covariates. A logistic re-
gression model estimated the probability of a successful follow-up
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with baseline cohort data; the model included the following
variables: prepregnancy BMI, parity, total GWG, race-ethnicity,
maternal age, education, linguistic isolation, neighborhood pov-
erty rate, child sex, receipt if public assistance, a report of dis-
satisfaction with conditions, and gestational age. The inverse of
this predicted probability of follow-up was used to weight the
sample in a reanalysis of the data with the use of survey commands
in Stata 12.0 software.

RESULTS

Data on pregnancy weight gain and key covariates at 7 y post-
partum was available for 302 women (Figure 1). Mothers were
followed a mean = SD of 7.1 = 0.20 y postpartum. Table 1 shows
sample characteristics at baseline and follow-up. Most character-
istics were similar between women who were included and ex-
cluded from the analytic sample; however, mothers in the analytic
sample were older and lived in neighborhoods that were more
linguistically isolated than were mothers excluded from the anal-
ysis because of a loss to follow-up or missing data.

Before pregnancy, 5% of women in the study population were
underweight, 53% of women were normal weight, and 42% of

727
mothers enrolled
n=152
missing prepregnancy
weight, height, or
: covariate data
n=43
| . lastprenatal weight
obtained at >4 wk of
. delivery
532
mothers with GWG
data & baseline
covariates n=230
mothers lostto follow-
—————

up (n=225) or missing
! z1value for body

302 composition data (n=5)
mothers inthe
analyticsample

n=50
prenatal weights
obtained at >1-4 wk
of delivery

252 dyads with last
prenatal weights within
1 wk of delivery

FIGURE 1 Participant flow diagram. GWG, gestational weight gain.
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TABLE 1
Sample characteristics

WIDEN ET AL.

Enrolled cohort with
pregnancy weight-gain
data (n = 532)

Excluded because of loss
to follow-up or missing

covariate data (n = 230) Analytic sample (n = 302) P!

Prepregnancy BMI, kg/m? 25.6 * 5.8°
Prepregnancy BMI, n (%)

Underweight 27 (5.1)

Normal 268 (50.4)

Overweight 127 (23.9)

Obese® 110 (20.7)
Total GWG,* kg 16.7 = 1.7
Excessive total GWG,” n (%) 346 (65.0)
Ethnicity

African American, n (%) 191 (35.9)

Dominican, n (%) 341 (64.1)
Age, y 25.0 =49
Received public assistance in pregnancy, n (%) 216 (40.6)
Prenatal demoralization score 1.15 = 0.63
High prenatal demoralization (score >1.55), n (%) 137 (25.8)
Education >12 y, n (%) 155 (29.1)
Parity at index pregnancy, n 19+ 1.8
Unable to afford food during pregnancy, n (%) 92 (17.3)
Dissatisfied with conditions, n (%) 69 (13.0)
Neighborhood poverty, % 358 £ 49
Linguistic isolation, % 36.7 £ 4.7

Breastfeeding duration, weeks —_
Live births after index pregnancy, n —
Weight change from prepregnancy to 7 y postpartum, kg —
Percentage body fat at 7 y postpartum, % —
BMI at 7 y postpartum, kg/m> —
Obese at 7 y postpartum, n (%) —

256 =59 256 + 5.8 0.94
0.07
13 (5.7) 14 (4.6)
107 (46.5) 161 (53.3)
67 (29.1) 60 (19.9)
42 (18.7) 67% (22.2)
167 =175 16.6 = 7.8 0.93
152 (66.1) 194 (64.2) 0.64
0.17
75 (32.6) 116 (38.4)
155 (67.4) 186 (61.6)
244 + 47 25.6 = 5.0 0.003
93 (40.4) 123 (40.7) 0.95
1.17 + 0.65 1.13 = 0.62 0.40
60 (26.1) 77 (25.5) 0.88
65 (28.3) 90 (29.8) 0.70
19+ 19 20+ 18 0.88
40 (17.4) 52 (17.2) 0.96
26 (11.3) 43 (14.2) 0.32
358 +52 35.8 = 4.6 0.53
372 + 45 363 + 4.8 0.03
— 11.8 + 14.6 —
— 0.61 + 0.71 —
— 92 * 112 —
— 36.6 = 8.3 —
— 29.0 = 6.8 —
— 114 (38.0) —

'For comparisons between excluded and included subjects in the analytic sample.

"Mean * SD (all such values).

30f obese women, 16 subjects (23.9%) had class II obesity (BMI: 35.0-39.9), and 6 subjects (9.0%) had class III obesity (BMI: =40.0).

‘GWG, gestational weight gain.
SGreater than the Institute of Medicine 2009 guidelines.

women were overweight or obese. A majority of mothers (64%)
gained more weight in pregnancy than recommended in the 2009
IOM guidelines (3). In univariate analyses, the proportion of
women who had excessive GWG varied by prepregnancy BMI
(P =0.001); compared with overweight (25%), obese (26%), or
underweight women (4%), a larger proportion of normal-weight
women (46%) had excessive GWG. The proportion of women
with excessive GWG did not vary by maternal race-ethnicity,
prenatal distress, education, parity, food insecurity, or receipt of
public assistance (all P > 0.05).

At 7y postpartum, mean weight retention was ~9.2 = 11.2 kg
from prepregnancy to 7 y (range: —34.6 to 50.6 kg). A total of
38% of participants were obese, whereas almost one-half of the
obese women (55 of 114 women; 48.2%) had class II obesity [31
of 114 (27.2%); BMI: 35.0-39.9] or class III obesity [24 of 114
(21.1%); BMI =40.0]. Table 2 shows the covariate-adjusted 3
coefficients for prepregnancy BMI, excessive GWG, and the
interaction term that predicted the percentage body fat and
PPWR. Predicted effects of excessive GWG for women at spe-
cific prepregnancy BMI are also shown. As an illustration of the
interaction effect, for a women with a prepregnancy BMI of 22,
excessive weight gain was associated with a 3.04 (P < 0.001)
difference in the percentage body fat and a 5.56-kg (P < 0.001)
difference in PPWR 7 y postpartum, whereas for a women with a

prepregnancy BMI of 30, excessive weight gain was associated
with a 0.58 (P = 0.55) difference in the percentage body fat and
a2.06-kg (P = 0.24) difference in PPWR 7 y postpartum. Because
the interaction effect appeared as a crossing over of the pre-
pregnancy BMI effect by weight-gain status (Figure 2), the
prepregnancy BMI above which excessive weight gain was no
longer significantly associated with the outcomes was calculated
on the basis of covariate-adjusted 8 coefficients (Table 2); for the
percentage body fat, this value was a prepregnancy BMI =27, and
for PPWR, this value was a prepregnancy BMI =28. The addition
of breastfeeding duration to the models had minimal effects on
the estimates between GWG and maternal health outcomes (data
not shown). Similar associations were observed when analyses
were redone with the use of total GWG (kg; continuous); in
women with relatively lower BMI, every one-unit increase in
GWG was positively associated with higher body fat and greater
PPWR at 7 y postpartum (Supplemental Table 1).

Excessive GWG was positively associated with maternal BMI
at 7 y postpartum [ = 2.21 (95% CI: 1.15, 3.26); P < 0.001];
however, associations between GWG and maternal BMI at 7 y
postpartum did not vary by prepregnancy BMI (P-interaction >
0.1). With prepregnancy BMI and covariates controlled for,
mothers with excessive GWG had BMI values at 7 y postpartum
that were 2.21 kg/m” higher than those of mothers who gained
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TABLE 2
Model effect estimates and model-derived predicted effects of excessive GWG on long-term weight retention and
percentage body fat for specific prepregnancy BMI'

Body fat, % PPWR, kg
B (95% CI) P B (95% CI) P
Model effect estimates
Prepregnancy BMI 1.14 (0.94, 1.34) <0.001 0.08 (—0.29, 0.46) 0.66
Excessive GWG 9.81 (3.40, 16.2) 0.003 15.19 (3.38, 26.97) 0.01

Excessive GWG X prepregnancy BMI
Predicted effect estimate for excessive GWG for
specific prepregnancy BMI, kg/m?

—0.31 (—0.56, —0.06) 0.02 —0.44 (—0.89, 0.02) 0.06

18 4.27 (1.99, 6.55) <0.001 7.31 (3.12, 11.51) 0.001
19 3.96 (1.87, 6.05) <0.001 6.88 (3.03, 10.72) 0.001
20 3.65 (1.74, 5.57) <0.001 6.44 (2.91, 9.97) <0.001
21 3.35 (1.58, 5.11) <0.001 6.00 (2.76, 9.24) <0.001
22 3.04 (1.41, 4.67) <0.001 5.56 (2.56, 8.56) <0.001
23 2.73 (1.20, 4.26) 0.001 5.13 (2.31, 7.94) <0.001
24 2.42 (0.96, 3.88) 0.001 4.69 (2.00, 7.38) 0.001
25 2.11 (0.68, 3.55) 0.004 4.25 (1.61, 6.89) 0.002
26 1.81 (0.36, 3.26) 0.02 3.81 (1.14, 6.49) 0.005
27 1.50 (—0.01, 3.01) 0.05 3.38 (0.60, 6.16) 0.02
28 1.19 (—0.41, 2.80) 0.15 2.94 (—0.02, 5.89) 0.05
29 0.88 (—0.85, 2.61) 0.32 2.50 (—0.68, 5.69) 0.12
30 0.58 (—1.30, 2.46) 0.55 2.06 (—1.40, 5.53) 0.24
31 0.27 (—1.78, 2.32) 0.80 1.63 (—2.15, 5.40) 0.40
32 —0.04 (—2.27, 2.19) 0.97 1.19 (—2.93, 5.31) 0.57
33 —0.35 (—2.78, 2.08) 0.78 0.75 (—3.72, 5.23) 0.74
34 —0.66 (—3.29, 1.98) 0.63 0.31 (—4.54, 5.17) 0.90
35 —0.96 (—3.81, 1.88) 0.51 —0.12 (—5.37, 5.12) 0.96
36 —1.27 (—4.34, 1.79) 0.42 —0.56 (—6.20, 5.09) 0.85
37 —1.58 (—4.87, 1.71) 0.35 —1.00 (—7.05, 5.06) 0.75

'Effect estimates are from a multivariate linear regression model for effects of high GWG on maternal weight retention
and body fat at 7 y postpartum by prepregnancy BMI. Effects of excessive GWG on maternal outcomes varied by
prepregnancy BMI (P-interaction = 0.06). GWG, gestational weight gain; PPWR, postpartum weight retention.

%Effects shown are predicted estimates of excessive GWG for percentage body fat and long-term weight retention
by specific maternal prepregnancy BMI values adjusted for covariates. Predicted estimates are shown for approximately
the 5th to 95th percentiles of prepregnancy BMI (18-37) in the study population. Results presented for the model were
adjusted for maternal education, age, parity, race, receipt of public assistance, report of food insecurity in pregnancy,
prenatal demoralization, gestational age at delivery, and interim pregnancies between the index pregnancy and 7 y
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postpartum.

within or below the IOM guidelines. In the subsample of mothers
who were not obese before pregnancy (n = 225), mothers with
excessive GWG were at almost 400% increased risk of obesity at
7 y postpartum [RR: 3.86 (95% CI: 1.47, 10.14); P = 0.006] in
multivariate-adjusted models. Similarly, in these women (n =
225), total GWG (kg; continuous) was positively associated with
maternal obesity at 7 y postpartum [RR: 1.1 (95% CI: 1.04, 1.15);
P = 0.001]. Specifically, every 1-kg increase in total GWG cor-
responded to 10% increase in risk of obesity at 7 y postpartum.

Additional analyses were conducted to evaluate whether our
findings were sensitive to the timing of the last prenatal weight
measurement relative to that at delivery. Last prenatal weight
measurements were obtained between 1 and 4 wk before delivery
in 50 women (16.6%) included in this analysis. In these women,
the last prenatal weight was obtained at 1.8 = 0.7 wk before
delivery (range: 1.1-3.7 wk). In sensitivity analyses, where these
women were excluded from the analytic sample, associations
between GWG and maternal size outcomes at 7 y postpartum
were essentially the same or negligibly different from associa-
tions in the larger analytic sample (data not shown).

To evaluate for effects of sample attrition and incomplete follow-
up, we conducted analyses with inverse-probability weighting for
successful follow-up. Older maternal age was associated with
successful follow-up [OR: 1.07 (95% CI: 1.03, 1.11); P = 0.002];
no other covariates were associated with follow-up (P > 0.05). A
weighting analysis for successful follow-up had minimal effects on
associations between GWG and PPWR, later maternal body fat,
and BMI (data not shown).

DISCUSSION

To our knowledge, this is the first study to evaluate the effects
of GWG on long-term body fatness in a contemporary, low-
income, urban population of African American and Dominican
women, who are a population at high risk of obesity and related
comorbidities. In our analysis, we showed that excessive GWG
was associated with a higher percentage body fat and PPWR at
7 y postpartum in mothers with underweight, normal, and some
overweight prepregnancy BMI values (<27 for the percentage
body fat and <28 for weight retention). Strikingly, excessive
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FIGURE 2 Effects of GWG on covariate-adjusted predicted percent-
ages of body fat at 7 y postpartum (A) and weight changes from prepreg-
nancy to 7 y postpartum (PPWR) (B) by prepregnancy BMI in African
American and Dominican women from the Bronx and Northern Manhattan
(n = 302). Effects of excessive GWG on maternal outcomes varied by
prepregnancy BMI (in kg/m?) (P-interaction < 0.1). Effects shown are pre-
dicted estimates from multivariable linear regression models for the percent-
age body fat and long-term weight retention by maternal prepregnancy BMI
adjusted for covariates. Results presented for the model were adjusted for
maternal education, age, parity, race, receipt of public assistance, report of
food insecurity in pregnancy, prenatal demoralization, gestational age at
delivery, and interim pregnancies between the index pregnancy and 7 y
postpartum. Predicted estimates are shown for approximately the Sth to
95th percentiles of prepregnancy BMI (18-37) in the study population.
GWG, gestational weight gain; PPWR, postpartum weight retention.

GWG was not associated with body fat or long-term weight
retention in mothers with prepregnancy obesity. Although ef-
fects of excessive GWG on body fat and PPWR varied by
prepregnancy weight status, no evidence of effect modification
by prepregnancy BMI was observed for maternal BMI outcomes
(obesity or continuous). Excessive GWG was associated with
2-kg/m2 higher maternal BMI at 7 y postpartum. Moreover, in
the subset of mothers who were not obese before pregnancy (n =
225), excessive GWG was associated with markedly increased
risk of obesity at 7 y postpartum.

Our findings are generally consistent with previous research
that showed associations between high GWG and long-term
(=3 y) PPWR (7, 17-20), waist circumference (WC) (18, 20,
21), BMI (20-22), and the transition to a higher BMI group (22).
In another cohort of predominately normal-weight women (64%)
who were non-Hispanic African Americans (27%) or other races
(73%) including white, Asian and Pacific Islander, Native
American, and Hispanic, excessive GWG was associated with
a 3.5-cm greater WC and 300% increased risk of abdominal
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adiposity compared with values for adequate GWG (20). In Pro-
ject Viva, which was a study of predominately normal-weight
women (57%) who were white (65%), African American (18%),
Hispanic (8%), Asian (4%), and other races (4%), the rate of
total GWG (kg/wk) was positively associated with WC at 7 y
postpartum in normal-weight and obese women but not in over-
weight women (18). In normal-weight women, the GWG rate
was only associated with the postpartum weight change (18). In
a United Kingdom birth cohort (the Avon Longitudinal Study of
Parents and Children), a high overall GWG was associated with
higher BMI (2.90), greater WC (5.84 c¢m), and increased like-
lihoods of overweight or obesity (OR: 3.58) and central adi-
posity (WC = 80 cm) (OR: 2.67) (21). In a Danish birth cohort
[the DNBC (Danish National Birth Cohort)] (n = 23,701), no as-
sociations were observed between GWG (continuous) and BMI-
adjusted WC at 7 y postpartum (19), but a significant indirect
effect of GWG on later WC was mediated through early post-
partum weight changes at 6-18 mo.

For body fat and PPWR, effects of excessive GWG varied by
prepregnancy BMI. In women with heavier prepregnancy BMI,
excessive GWG was not associated with later adiposity and
weight retention. However, we showed that the effects of high
GWG were stronger in women with lower prepregnancy BMIs
(<27 for the percentage body fat and <28 for weight retention).
This result corroborates a recent meta-analysis that reported
that the average PPWR decreased with increasing prepreg-
nancy BMI (5), an observational study that reported stronger
effects in thinner women (23), and other observational studies
with central adiposity outcomes (18, 21). In Project Viva, the
total GWG rate was associated with PPWR only in normal-
weight women (18). Similarly, in the Avon Longitudinal Study
of Parents and Children, GWG (kg/wk; from 19 to 28 wk) was
associated with greater maternal BMI and central adiposity
(WC =80 cm) at 16 y postpartum in women with prepregnancy
BMI <25, but effects of later GWG (>29 wk) on central adi-
posity were stronger in women with BMI =25 (21). Effects of
the timing of GWG did not vary by prepregnancy BMI for later
WC (continuous) or overweight and obesity (21). Other reports of
long-term effects of GWG have not observed effect modification
by prepregnancy BMI (20), which may have been attributable to
an insufficient number of overweight and obese women, whereas
another study observed stronger associations in heavier women
(19). In the DNBC, the effect of a one-unit increase in the total
GWG z score on maternal weight at 7 y postpartum was greater
for overweight and obese women than for normal-weight women
(19). This cohort of Danish women was predominately normal
weight (69%) and of high- or middle-income socio-occupational
status (91%) (19). On average, PPWR in the DNBC (2.1 * 6.3 kg)
was substantially less than in our study population of low-
income, urban, minority women (Columbia Center for Children’s
Environmental Health weight retention: 9.2 = 11.2 kg) (19).
These differential effects of prepregnancy BMI on long-term
maternal body size may have been due to these study population
differences.

Although effects of excessive GWG varied by prepregnancy
BMI for the percentage of fat and long-term weight retention,
effect modification was not observed for maternal BMI at 7 y
postpartum. BMI is an index of weight relative to height and is
assumed to be associated with body fatness and associated sequelae
(24). However, BMI is not a measure of fatness but a surrogate
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measure of weight status (i.e., underweight, overweight, and
obesity). Because body weight is the sum of fat mass and fat-free
mass, BMI cannot partition body weight into these 2 components.
Accordingly, BMI cannot discriminate when an individual is
normal weight with higher body fat or overweight with lower
body fat (e.g., high muscle mass). Because of this potential
measurement error, we may have been underpowered to detect
effect modification for this outcome.

There were some limitations that should be noted. As with
most studies on GWG, prepregnancy weight was estimated by
maternal report; previous evidence has suggested that weight
reporting may be impacted by maternal prepregnancy weight
status and ethnicity (25-27). If weight was underreported, pre-
pregnancy BMI could have been underestimated, and GWG
could have been inflated (13). Although the majority of women
in this analysis had last prenatal weight measurement =<1 wk of
delivery, some women did not have weight measurements close
to delivery. We conducted a sensitivity analysis in which women
with weights measured between 1 and 4 wk before delivery were
excluded. In this analysis, effects of GWG were not appreciably
altered. Unfortunately, data were not available on the timing of
pregnancies after the index pregnancy, which could have po-
tentially affected associations if the interim pregnancy was near
the 7-y measures. An adjustment for a pregnancy after the index
pregnancy did not independently predict maternal size outcomes
at 7 y postpartum. During the course of this study, there was
an overall increase in obesity nationwide (1), and macroscale
drivers of these changes, such as food policies, changes in the
retail food environment, portion sizing, and changes in physical
activity patterns, likely affected our study participants. In our
interpretation of the findings, we assumed that mothers with
different GWG experienced similar obesogenic environments;
however, this possibility was not explicitly measured as part of
the study. Furthermore, we could not determine how GWG was
associated with the change in body fat from prepregnancy to 7 y
postpartum because body fat was not assessed before pregnancy,
although our analyses did adjust for prepregnancy BMIL

In conclusion, our results suggest that GWG greater than the
IOM recommendations has long-term implications for maternal
weight-related health for African American and Dominican
women, particularly for women with lower prepregnancy BMI.
These findings and others (5, 18, 21) suggest that normal and
modestly overweight weight women may be more physiologi-
cally sensitive to effects of high GWG and, therefore, need to be
further supported to gain weight appropriately during pregnancy
and adhere to the IOM guidelines. Interventions, policies, and
clinical management that support healthy GWG may have lasting
implications for maternal weight-related health, particularly in
women with normal and modestly overweight prepregnancy BMI.
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