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Cardiometabolic Implications
of Postpartum Weight Changes
In the First Year After Delivery

Diabetes Care 2014;37:1998-2006 | DOI: 10.2337/dc14-0087

OBJECTIVE

The cumulative effect of postpartum weight retention from each pregnancy in a
woman’s life may contribute to her ultimate risk of diabetes and vascular disease.
However, there is little direct evidence supporting this hypothesis. In this context,
we sought to evaluate the cardiometabolic implications of patterns of postpartum
weight change and the time course thereof in the first year after pregnancy.

RESEARCH DESIGN AND METHODS

Three hundred five women underwent cardiometabolic characterization at re-
cruitment in pregnancy and at 3 and 12 months postpartum. Based on their re-
spective weight changes between prepregnancy and 3 months postpartum (loss or
gain) and between 3 and 12 months postpartum (loss or gain), participants were
stratified into four groups: loss/loss, gain/loss, loss/gain, and gain/gain.

RESULTS

Most women (81.0%) had higher weight at 3 months postpartum compared with
prepregnancy. Between 3 and 12 months, most women (74.4%) lost weight. At
3 months, there were modest differences between the four groups in mean
adjusted LDL cholesterol (P = 0.01) and apolipoprotein-B (apoB; P = 0.02) but no
significant differences in adjusted blood pressure, fasting and 2-h glucose, HDL,
triglycerides, homeostasis model assessment of insulin resistance (HOMA-IR),
adiponectin, and C-reactive protein. By 12 months postpartum, however, clear
gradients emerged, with mean adjusted diastolic blood pressure (P = 0.02),
HOMA-IR (P = 0.0003), LDL (P = 0.001), and apoB (P < 0.0001) all progressively
increasing from the loss/loss group to gain/loss to loss/gain to gain/gain. Simi-
larly, at 12 months, mean adjusted adiponectin showed a stepwise decrease from
loss/loss to gain/loss to loss/gain to gain/gain (P = 0.003).

CONCLUSIONS

An adverse cardiometabolic profile emerges as early as 1 year postpartum in
women who do not lose weight between 3 and 12 months after delivery.

Pregnancy is the only normal physiologic setting in which body weight increases by
20% or more during a 9-month period. After delivery, maternal capacity for re-
storing normal weight regulation may be further disrupted by lifestyle factors, in-
cluding lack of time for exercise, smoking cessation, and limited sleep duration
(1-3). As such, pregnancy and subsequent postpartum weight retention can signif-
icantly alter awoman’s long-term weight gain trajectory (4). Indeed, weight at 1 year
postpartum is a stronger predictor of the likelihood of being overweight 15 years
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later than the weight gained during the
pregnancy itself (5). In this context, it has
been postulated that the cumulative ef-
fect of postpartum weight retention from
each pregnancy in a women'’s life ulti-
mately contributes to her risk of cardio-
metabolic disease, including metabolic
syndrome, type 2 diabetes, and vascular
disease (6-9). Despite its conceptual ap-
peal, however, there has been little direct
evidence to support this hypothesis, ow-
ing to a paucity of studies assessing both
antepartum/postpartum weight trajec-
tory and cardiovascular/metabolic risk
factors. Thus our objective in this study
was to evaluate the cardiometabolic im-
plications of patterns of postpartum
weight change and the time course
thereof in the first year after pregnancy.

RESEARCH DESIGN AND METHODS

This analysis was conducted in the set-
ting of an observational study in which a
cohort of women is undergoing serial
cardiometabolic characterization on
three occasions: at the time of recruit-
ment in late pregnancy, at 3 months
postpartum, and at 12 months postpar-
tum (10). At our institution, all pregnant
women undergo universal screening for
gestational diabetes mellitus (GDM) at
24-28 weeks’ gestation by 50 g glucose
challenge test (GCT), followed by refer-
ral for a diagnostic oral glucose toler-
ance test (OGTT) if the GCT result is
abnormal. In this study, healthy preg-
nant women were recruited either prior
to or just after their GCT (10). Recruit-
ment of women following an abnormal
GCT served to enrich the study popula-
tion for those likely to have GDM. Re-
gardless of their GCT result, all study
participants underwent a 3-h 100-g
OGTT to ascertain their glucose toler-
ance status in pregnancy, which ranged
from normal glucose tolerance to GDM
(diagnosed by National Diabetes Data
Group criteria [11]). At 3 and 12 months
postpartum, participants returned to
the clinical investigation unit to undergo
repeat cardiometabolic assessment, in-
cluding evaluation of glucose tolerance
by 2-h 75-g OGTT. The current analysis
involved 305 women with singleton
pregnancies who had complete cardio-
metabolic characterization at all three
OGTTs. The study protocol has been
approved by the Mount Sinai Hospital Re-
search Ethics Board, and all participants
have provided written informed consent.

Evaluation of Women in Pregnancy,
at 3 Months Postpartum, and at 12
Months Postpartum

On the morning of the OGTT in preg-
nancy, interviewer-administered ques-
tionnaires were completed pertaining
to medical, obstetrical, and family his-
tory. Pregravid physical activity in the
year before pregnancy was assessed
using the Baecke questionnaire, an
established instrument that has been
extensively validated in several popula-
tions, including women of childbearing
age (12,13). This questionnaire was
completed during the OGTT (i.e., prior
to knowing their gestational glucose tol-
erance status) (14,15). The Baecke ques-
tionnaire measures total physical
activity and its three component do-
mains: occupation-associated activity
(work index), sport-related physical
activity (sport index), and nonsport
leisure-time activity (leisure-time index).
The work index quantifies the exertion
related to occupational activities such
as sitting, standing, lifting, and walking,
as well as associated effects on the in-
dividual (e.qg., fatigue, perspiration). The
sport index characterizes vigorous/
sports activity with respect to intensity
(using the updated compendium of
physical activities) (16), duration, and
frequency. The leisure-time index quan-
tifies exertion associated with nonsport
recreational activities (e.g., walking,
television viewing). Prepregnancy BMI
was calculated from participants’ self-
reported pregravid weight and their
measured height at the time of recruit-
ment in pregnancy.

Participants returned to the clinical
investigation unit at both 3 and 12
months postpartum. On both occasions,
interviewer-administered question-
naires were completed and physical
examination was performed, including
measurement of blood pressure, weight,
and waist circumference. At both visits,
participants underwent a 2-h 75-g
OGTT, on which glucose tolerance status
was classified according to Canadian
Diabetes Association guidelines (17) into
the following categories: 1) diabetes,
defined as fasting glucose $7.0 mmol/L
or 2-h glucose $11.1 mmol/L; 2) im-
paired glucose tolerance (IGT), defined
by fasting glucose , 6.1 mmol/L and 2-h
glucose between 7.8 and 11.0 mmol/L
inclusive; 3) impaired fasting glucose
(IFG), defined as fasting glucose between
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6.1 and 6.9 mmol/L inclusive and 2-h glu-
cose , 7.8 mmol/L; 4) combined IFG/IGT,
defined as fasting glucose between 6.1
and 6.9 mmol/L inclusive and 2-h glucose
between 7.8 and 11.0 mmol/L inclusive;
and 5) normal glucose tolerance, defined
as fasting glucose , 6.1 mmol/L and 2-h
glucose , 7.8 mmol/L. Prediabetes refers
to IGT, IFG, or combined IFG/IGT. At 3
months postpartum, the Baecke ques-
tionnaire assessed only sport activity
and leisure-time activity over the preced-
ing 3 months (as many women would not
be working at their usual occupation
during that time). At 12 months postpar-
tum, the Baecke questionnaire assessed
all three physical activity component do-
mains over the preceding year (since
delivery).

Laboratory Measurements

All OGTTs were performed in the morn-
ing after overnight fast, with venous
blood samples drawn for measurement
of glucose and insulin at fasting and at
30, 60, and 120 min (and 180 min in
pregnancy) after ingestion of the glu-
cose load. Glycemia was assessed by
glucose tolerance status and by the
area under the glucose curve (AUCqyyc)
during the OGTT (calculated by trapezoi-
dal rule). Insulin resistance was assessed
with homeostasis model assessment of
insulin resistance (HOMA-IR) (18).
Whole-body insulin sensitivity was as-
sessed by the Matsuda index (19). Total
cholesterol, HDL cholesterol, and triglyc-
erides were measured from fasting se-
rum using the Roche Cobas 6000 ¢ 501
analyzer (Roche Diagnostics, Laval,
Quebec, Canada). LDL cholesterol was
determined by Friedewald formula.
Apolipoprotein-B (apoB) and apolipoprotein-
Al (apoAl) were measured using the
Siemens Healthcare Diagnostics BN
ProSpec (Siemens Healthcare Diagnos-
tics, Mississauga, Ontario, Canada). Total
adiponectin was measured by ELISA
(Millipore, Linco Research, St. Charles,
MO). High-sensitivity C-reactive protein
(CRP) was measured by end point neph-
elometry using the Dade Behring BN
ProSpec and N High Sensitivity CRP re-
agent (Dade Behring, Mississauga, On-
tario, Canada).

Statistical Analyses

All analyses were conducted using SAS.9.2
(SAS Institute, Cary, NC). Continuous var-
iables were tested for normality of distri-
bution, and natural log transformations
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of skewed variables were used, where
necessary, in subsequent analyses. Study
participants were categorized based on
their weight change between prepreg-
nancy and 3 months postpartum (as ei-
ther loss or gain) and their weight
change between 3 and 12 months post-
partum (as either loss or gain). Based on
their respective weight changes over
these two periods of time, participants
were stratified into the following four
groups: 1) loss/loss, 2) gain/loss, 3)
loss/gain, and 4) gain/gain (Fig. 1). In Ta-
ble 1, continuous variables were com-
pared across these groups by ANOVA,
and categorical variables were com-
pared by x? or Fisher exact test. For
each study group, continuous variables
are presented as mean 6 SD (if normally
distributed) or median with interquartile
range (if skewed), and categorical vari-
ables are presented as percentages. Ad-
justed mean levels of systolic blood
pressure, diastolic blood pressure,
HOMA-IR, adiponectin, LDL, and apoB
were compared across the four groups
by ANCOVA, after adjustment for age,
ethnicity, family history of diabetes, par-
ity, prepregnancy BMI, months postpar-
tum at assessment, and duration of
breastfeeding (Fig. 2). Sensitivity analy-
ses were conducted in which these ad-
justed mean levels were further adjusted
for GDM, prediabetes/diabetes at 3
months postpartum, and total physical
activity in the first year, respectively. Lo-
gistic regression analysis was performed

305
women

to determine whether specific pregravid/
antepartum and postpartum factors
predicted weight gain between 3 and 12
months postpartum, after adjustment for
age, ethnicity, prepregnancy BMI, and
family history of diabetes (Fig. 3).

RESULTS

Patterns of Weight Change in First
Year Postpartum

The patterns of weight change in the first
year postpartum are shown in Fig. 1. The
majority of women (81.0%) had higher
weight at 3 months postpartum as com-
pared with prepregnancy (gained weight).
Between 3 and 12 months, most women
(74.4%) lost weight. Based on their weight
change between prepregnancy and 3
months postpartum (either loss or gain)
and between 3 and 12 months postpar-
tum (either loss or gain), we stratified the
participants into the following four
groups: loss/loss (n = 25), gain/loss (n =
202), loss/gain (n = 33), and gain/gain
(n=45) (Fig. 1).

Characteristics of Study Groups in
Pregnancy and at 3 and 12 Months
Postpartum

Table 1 shows the pregravid, antepartum,
and postpartum characteristics of the
four study groups. At the antepartum
OGTT, the groups differed with respect
to ethnicity (P = 0.03), prepregnancy
BMI (P , 0.0001), gestational weight
gain up to the OGTT (P , 0.0001), 1-h
glucose on the OGTT (P = 0.0006), 2-h
glucose on the OGTT (P = 0.002), AUCgjyc

Weight at 3-months
postpartum compared
to pre-pregnancy
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(P =0.003), GDM (P = 0.0002), Matsuda
index (P , 0.0001), HOMA-IR (P ,
0.0001), adiponectin (P = 0.026), and
CRP (P = 0.001). The groups were other-
wise similar in age, family history of
diabetes, parity, smoking exposure, pre-
gravid physical activity, fasting glucose,
and lipid profile.

At 3 months postpartum, overall dif-
ferences were noted between the
groups in BMI (P = 0.017), Matsuda in-
dex (P = 0.009), HOMA-IR (P = 0.028),
total cholesterol (P = 0.006), LDL choles-
terol (P = 0.011), and apoB (P = 0.016).
However, these differences were mod-
est and did not exhibit a clear pattern in
their distribution. In contrast, at 12
months postpartum, profound differen-
ces were apparent between the groups,
reflecting a distinct pattern. Specifically,
there were robust gradients in BMI (P ,
0.0001), waist (P , 0.0001), total phys-
ical activity (P = 0.005), sport index (P =
0.021), fasting glucose (P = 0.031), Mat-
suda index (P , 0.0001), HOMA-IR (P ,
0.0001), adiponectin (P , 0.0001), CRP
(P = 0.005), total cholesterol (P ,
0.0001), LDL (P , 0.0001), triglycerides
(P = 0.001), and apoB (P , 0.0001).
These overall differences were driven
by lower physical activity and greater
obesity, insulin resistance, hypoadipo-
nectinemia, inflammation, and dyslipi-
demia in the two groups of women
who gained weight between 3 and 12
months postpartum (loss/gain and
gain/gain).

Weight at 12-months
postpartum compared
to 3-months postpartum

\

18.2% (n=45)
have gained weight
(mean 3.1 +3.4 kg)

gain/gain

81.0% (n=247)
have gained weight
(mean 5.4 +3.8 kg)

/

81.8% (n=202)
have lost weight
(mean -4.2 +3.3 kg)

gain/loss

56.9% (n=33)
have gained weight
(mean 4.0 +2.6 kg)

loss/gain

19.0% (n=58)
have lost weight
(mean -3.4 3.7 kg)

T~

43.1% (n=25)
have lost weight
(mean -2.6 +2.6 kg)

loss/loss

| Figure 1—Patterns of change in weight in women between prepregnancy and 3 months postpartum and between 3 and 12 months postpartum.
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Table 1—Demographic, clinical, and metabolic characteristics of study population stratified into the following four groups
based on changes in weight from prepregnancy to 3 months postpartum (loss or gain) and from 3 to 12 months postpartum
(loss or gain): loss/loss, gain/loss, loss/gain, and gain/gain

Loss/loss Gain/loss Loss/gain Gain/gain
(n=25) (n=202) (n=33) (n = 45) P
At OGTT in pregnancy

Age, years 3506 4.1 347643 3476 4.8 35564.1 0.6886
Ethnicity 0.0299

Caucasian 72.0 74.8 63.6 53.3

Asian 20.0 9.4 9.1 222

Other 8.0 15.8 27.3 24.4
Family history of diabetes 64.0 57.9 60.6 57.8 0.9391
Parity 0.8862

Nulliparous 60.0 48.0 45.5 48.9

One 36.0 41.6 48.5 40.0

Greater than one 4.0 104 6.0 11.1
Smoking exposure 0.9697

Never 68.0 70.8 75.8 75.6

Remote 32.0 271.7 24.2 24.4

Current 0.0 15 0.0 0.0
Pregravid total physical activity 7.40 6 1.45 7.84 6 1.27 7.48 6 1.06 7.43 6 0.93 0.0651

Sport index 2.34 6 0.76 2.36 6 0.77 2.18 6 0.58 2.12 6 0.66 0.1940

Leisure-time index 3.00 6 0.69 3.07 6 0.63 2.88 6 0.68 2.98 6 0.60 0.4177

Work index 2.08 6 0.62 2.41 6 0.63 2.46 6 0.56 2.336 0.58 0.0801
Prepregnancy BMI, kg/m? 25.7 (22.5-28.7) 23.1(21.1-26.6) 30.2 (26.6-32.1) 25.2 (22.7-28.8) ,0.0001
Gestational weight gain to OGTT, kg/week 0260.1 0460.1 0260.1 0.460.2 »0.0001
Fasting glucose on OGTT, mmol/L 4660.7 45605 48605 476 0.7 0.0692
1-h glucose on OGTT, mmol/L 10.1 6 2.0 92619 1056 1.6 9.86 2.0 0.0006
2-h glucose on OGTT, mmol/L 93621 82619 91615 80619 0.0020
3-h glucose on OGTT, mmol/L 75620 6.96 4.2 71619 6.6 6 1.7 0.8252
AUCqyyc On OGTT, mmol/L 3 h 254648 231644 255633 234644 0.0032
GDM 56.0 24.8 54.6 311 0.0002
Matsuda index of insulin sensitivity 4.4 (2.6-6.5) 5.0(3.3-7.2) 2.8 (2.1-3.6) 4.1 (2.6-5.3) ,0.0001
HOMA-IR 1.8 (1.1-2.5) 1.5(1.0-2.2) 2.8 (1.7-3.6) 1.9 (1.4-3.0) ,0.0001
Adiponectin, mg/mL 81626 8363.0 70625 71619 0.0255
CRP, mg/L 5.98 (2.90-8.62) 4.19 (2.27-7.27) 6.73 (4.50-11.80) 5.68 (2.83-9.85) 0.0013
Total cholesterol, mmol/L 6.09 6 1.31 6.38 6 1.24 6.37 6 1.28 6.33 6 1.15 0.7549
LDL cholesterol, mmol/L 3246124 3.656 1.15 3.6261.18 3.5260.88 0.4250
HDL cholesterol, mmol/L 1.63 6 0.28 1.70 6 0.39 1.53 6 0.42 1.69 6 0.36 0.1569
Triglycerides, mmol/L 2.47 (1.88-2.91) 2.31(1.87-2.87) 2.57 (2.21-3.00) 2.06 (1.81-2.89) 0.2883
apoB, g/L 1.3160.32 1.26 6 0.31 1.3160.32 1.26 6 0.26 0.7416
apoAl, mmol/L 2.03 6 0.33 2.09 6 0.31 2.0360.33 2116 0.31 0.4599

At 3 months postpartum

Months postpartum 3.1(2.8-4.0) 3.1(2.9-3.4) 3.1(3.0-3.4) 3.50 (3.0-3.9) 0.0267
BMI, kg/m? 24.5 (21.9-28.0) 25.2 (23.0-29.0) 28.0 (25.1-31.0) 26.7 (23.3-31.0) 0.0168
Waist circumference, cm 87.7 6 10.9 88.6 6 10.5 9256 122 9196 15.3 0.1332
Duration of breastfeeding, months 3.0 (3.0-4.0) 3.0 (3.0-3.0) 3.0 (2.5-4.0) 3.0 (3.0-4.0) 0.1277
Current smoking 8.0 25 0.0 0.0 0.1807
Total physical activity 4.76 6 0.84 4946 1.08 4.65 6 1.00 4.71 6 0.87 0.2999

Sport index 1.95 6 0.45 2.06 6 0.71 1.87 6 0.52 1.90 6 0.57 0.2702

Leisure-time index 2.83 6 0.61 2.89 6 0.59 2.81 6 0.63 2.82 6 0.56 0.8090
Fasting glucose on OGTT, mmol/L 45604 46605 45604 46604 0.5988
2-h glucose on OGTT, mmol/L 65621 6.6 6 1.9 6.26 1.7 6.26 1.6 0.5451
Prediabetes/diabetes on OGTT 16.0 22.6 15.6 10.3 0.3102
Matsuda index of insulin sensitivity 10.7 (8.4-14.2) 10.8 (7.2-16.5) 7.5 (4.8-12.1) 9.7 (6.0-14.0) 0.0092
HOMA-IR 0.6 (0.5-1.1) 0.8 (0.6-1.3) 1.2 (0.7-1.9) 1.0 (0.6-1.8) 0.0278
Adiponectin, mg/mL 92628 8.86 3.2 80621 766 2.6 0.1068
CRP, mg/L 1.49 (1.24-3.28) 2.32 (0.89-4.07) 2.16 (1.48-5.28) 2.19 (0.96-3.87) 0.5375
Total cholesterol, mmol/L 4.55 6 0.95 5.18 6 0.99 5.06 6 1.13 5.60 6 0.95 0.0064
LDL cholesterol, mmol/L 2.63 6 0.80 3.24 6 0.92 3.14 6 1.06 3.55 6 0.80 0.0110
HDL cholesterol, mmol/L 1.51 6 0.35 1.43 6 0.30 1.40 6 0.19 1.49 6 0.36 0.5275
Triglycerides, mmol/L 0.74 (0.65-0.95) 0.97 (0.66-1.33) 1.22 (0.75-1.36) 0.96 (0.65-1.45) 0.1706
apoB, g/L 0.76 6 0.23 0.9360.24 0.91 6 0.25 0.99 6 0.20 0.0164
apoAl, mmol/L 1.59 6 0.20 1576 0.21 1.62 6 0.17 1.65 6 0.26 0.2022

Continued on p. 2002
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Loss/loss Gain/loss Loss/gain Gain/gain
(n =25) (n=202) (n=33) (n = 45) P
At 12 months postpartum

Months postpartum 11.8(11.4-12.3) 12.1 (11.6-12.7) 12.2 (11.6-13.0) 12.6 (11.7-13.8) 0.0689
BMI, kg/m? 23.4 (21.5-26.8) 23.8 (21.2-27.8) 30.3 (26.6-32.5) 27.8 (23.8-32.4) ,0.0001
Waist circumference, cm 8346091 84.76 9.8 97.1 6 13.8 94.5 6 16.5 ,0.0001
Duration of breastfeeding, months 11.0 (5.0-12.0) 10.0 (4.0-12.0) 10.0 (6.0-12.0) 11.5 (5.5-12.0) 0.5369
Current smoking 4.0 4.0 0.0 4.6 0.7844
Total physical activity 8.09 6 1.50 8.42 6 1.43 7.70 6 1.43 7.70 6 1.09 0.0052

Sport index 2.29 6 0.85 2.38 6 0.79 2.05 6 0.72 1.98 6 0.61 0.0209

Leisure-time index 3.06 6 0.57 3.07 6 0.62 2.83 6 0.65 2.99 6 0.45 0.1965

Work index 2.78 6 0.62 2.95 6 0.61 2.84 6 0.66 2.74 6 0.60 0.1029
Fasting glucose on OGTT, mmol/L 46603 47605 4.86 0.3 49605 0.0308
2-h glucose on OGTT, mmol/L 59615 6.26 1.8 656 1.7 6.66 1.7 0.2859
Prediabetes/diabetes on OGTT 8.0 14.4 24.2 28.9 0.0464
Matsuda index of insulin sensitivity 11.0 (9.3-13.8) 10.4 (6.7-15.7) 5.7 (3.4-7.7) 5.9 (4.3-11.5) ,0.0001
HOMA-IR 0.9 (0.7-1.3) 1.0 (0.6-1.5) 2.0 (1.5-2.8) 1.6 (0.9-2.2) ,0.0001
Adiponectin, mg/mL 11.06 4.2 9.46 3.6 76629 766 25 ,0.0001
CRP, mg/L 0.89 (0.57-2.05) 0.99 (0.47-2.45) 2.73 (0.87-4.25) 1.96 (0.66-4.41) 0.0045
Total cholesterol, mmol/L 4.29 6 0.54 4.62 6 0.80 4.98 6 0.92 5.05 6 0.97 .0.0001
LDL cholesterol, mmol/L 2.356 054 2726 0.73 3.07 6 0.91 3.06 6 0.80 ,0.0001
HDL cholesterol, mmol/L 1.53 6 0.32 1.45 6 0.34 1.36 6 0.31 1.45 6 0.37 0.3134
Triglycerides, mmol/L 0.73 (0.64-1.03) 0.81 (0.65-1.18) 1.05 (0.86-1.53) 0.94 (0.79-1.35) 0.0010
apoB, g/L 0.69 6 0.12 0.80 6 0.20 0.91 6 0.19 0.90 6 0.21 ,0.0001
apoAl, mmol/L 1.53 6 0.23 1.49 6 0.23 1.50 6 0.24 1.54 6 0.24 0.4797

Data for continuous variables are mean 6 SD, except for prepregnancy BMI, Matsuda index, HOMA-IR, CRP, triglycerides, months postpartum, BMI
and duration of breastfeeding, which are median (interquartile range). Categorical variables are presented as percentages. P values refer to the
overall difference across groups as derived from ANOVA for normally distributed variables and Kruskal-Wallis test for skewed variables and either x?

test or Fisher exact test for categorical variables.

Cardiometabolic Profiles After
Adjustment for Covariates

To further evaluate the emergent differ-
ences in cardiometabolic profile be-
tween the loss/loss, gain/loss, loss/
gain, and gain/gain groups, we com-
pared their adjusted mean values of vas-
cular and metabolic risk factors at both
3 and 12 months postpartum, after ad-
justing for the potential confounders
age, ethnicity, family history of diabetes,
parity, prepregnancy BMI, months post-
partum at assessment, and duration of
breastfeeding (Fig. 2). As shown in Fig.
2A, there was no difference in mean ad-
justed systolic blood pressure between
the groups at 3 months postpartum (P =
0.52). By 12 months, however, a near-
significant gradient had emerged (P =
0.05), with systolic blood pressure pro-
gressively increasing from the loss/loss
group to gain/loss to loss/gain to gain/
gain. Similarly, in Fig. 2B, mean adjusted
diastolic blood pressure was similar
across the groups at 3 months (P =
0.48) but showed a gradient at 12
months (P = 0.02), with higher levels in
women that gained weight between
3 and 12 months (loss/gain and gain/
gain) than in their peers. The same

pattern was seen with HOMA-IR (Fig.
2C), which did not differ at 3 months
(P = 0.29) but then showed significant
differences between the groups at 12
months (P = 0.0003). This pattern was
mirrored by that for mean adjusted adi-
ponectin (Fig. 2D), which was similar
across the groups at 3 months (P =
0.89) but showed a stepwise decrease
at 12 months from the loss/loss group
to gain/loss to loss/gain to gain/gain
(P = 0.003). Similar findings were seen
with the Matsuda index (3 months P =
0.67; 12 months P = 0.02; data not
shown). Finally, with both LDL choles-
terol and apoB (Fig. 2E and F, respec-
tively), there were modest differences
across the groups at 3 months postpar-
tum (P = 0.01 and P = 0.02) that then
became clear gradients from loss/loss
to gain/loss to loss/gain to gain/gain at
12 months (LDL P = 0.001; apoB P ,
0.0001).

Having demonstrated that marked
differences in cardiometabolic profile
emerged between the study groups
by 12 months postpartum, we next
performed a series of sensitivity analy-
ses to evaluate the robustness of these
findings. These analyses showed that

the findings in Fig. 2 were unchanged
with further adjustment for each of
the following: 1) GDM, 2) the diagnosis
of either prediabetes or diabetes on the
OGTT at 3 months postpartum (except
for attenuation of diastolic blood pres-
sure to P = 0.07), and 3) total physical
activity in the first year postpartum
(data not shown). Finally, the adverse
cardiometabolic profile that emerged
by 12 months postpartum in relation
to the pattern of weight change ap-
peared to be comprised of those com-
ponents shown in Fig. 2 (blood pressure,
insulin resistance, adiponectin, LDL, and
apoB). Indeed, after adjustment for co-
variates, other cardiometabolic factors
did not differ between the groups at
12 months postpartum (including fast-
ing glucose, 2-h glucose, AUCqyc, CRP,
HDL, and triglycerides).

Predictors of Weight Gain Between 3
and 12 Months Postpartum

Having demonstrated that weight gain
from 3 to 12 months postpartum identi-
fied women with an adverse cardiometa-
bolic profile (i.e., loss/gain and gain/gain
groups), we next sought to identify pre-
dictors of weight gain during this 9-month
window. Specifically, we constructed a
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Figure 2—Mean adjusted levels in each group for the following cardiometabolic risk factors at 3 and 12 months postpartum: (A) systolic blood
pressure, (B) diastolic blood pressure, (C) HOMA-IR, (D) adiponectin, (E) LDL cholesterol, and (F) apoB. Each adjusted mean has been adjusted for the
following covariates: age, ethnicity, family history of diabetes, parity, prepregnancy BMI, months postpartum at time of assessment, and duration of

breastfeeding.

series of logistic regression models that
individually evaluated the relationship be-
tween pregravid, antepartum, and post-
partum factors and (dependent variable)
weight gain between 3 and 12 months,
after adjustment for age, ethnicity, pre-
pregnancy BMI, and family history of
diabetes. As shown in Fig. 3, among pre-
gravid and antepartum factors, only
antepartum insulin sensitivity (Matsuda
index) was independently and inversely
associated with the likelihood of gaining
weight (odds ratio [OR] = 0.859; 95% ClI
0.749-0.985). Among postpartum factors,
total physical activity in the first year post-
partum (OR = 0.766; 95% CI 0.615-0.954)

and specifically sport index (OR = 0.615;
95% Cl 0.412-0.918) were inverse predic-
tors of weight gain between 3 and 12
months postpartum. Of note, prepreg-
nancy BMI was a consistent positive pre-
dictor in all of the models (data not
shown). Thus, while pregravid adiposity
is a determinant of weight gain between
3 and 12 months postpartum, its effects
may be partially mitigated by maternal
physical activity and particularly sport ac-
tivity in the first year after delivery.

CONCLUSIONS

In this study, we explored the effect of
patterns of postpartum weight change

on cardiometabolic health. First, gain/
loss was the most common weight pat-
tern in the study population, indicating
that the majority of women did not re-
turn to their prepregnancy weight at
3 months postpartum but did lose
weight in the 9 months thereafter
(though not necessarily returning to
their prepregnancy weight). Impor-
tantly, we further demonstrate that
not losing, but rather gaining, weight
between 3 and 12 months postpartum
was associated with the development of
an adverse cardiometabolic risk factor
profile. Specifically, women who gained
weight between 3 and 12 months
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Figure 3—Adjusted ORs for pregravid, antepartum, and postpartum factors as predictors of likelihood that a woman will gain weight between
3 and 12 months postpartum. Each OR is adjusted for the following covariates: age, ethnicity, prepregnancy BMI, and family history of

diabetes.

postpartum had higher blood pressure,
greater insulin resistance, lower adipo-
nectin, higher LDL cholesterol, and
higher apoB levels than their peers. Fi-
nally, greater physical activity, particu-
larly sport activity, was associated with a
lesser likelihood of gaining weight be-
tween 3 and 12 months postpartum.
Taken together, these data suggest
that weight change during this time
may provide a means of identifying
women at risk for cardiometabolic dis-
ease, and physical activity may offer an
approach for modifying this risk.

It has been previously suggested that
the cumulative effect of postpartum
weight retention from each pregnancy
in a woman'’s life contributes to her ul-
timate risk of metabolic and vascular
disease (6-9). The current study pro-
vides evidence in support of this con-
cept. We show that the majority of
women exhibit some degree of gesta-
tional weight retention at 3 months af-
ter delivery, consistent with other
studies in the early postpartum (20-
22). An earlier study noted that excess
adipose tissue remaining at 6 and 12
months postpartum tends to be local-
ized centrally (23), suggestive of visceral
fat accumulation, which is more meta-
bolically deleterious than subcutaneous
fat. In this context, we show that, while
most women lose some of this pregnancy-
acquired weight between 3 and 12
months postpartum, those who do not

lose weight in this period indeed develop
an adverse cardiometabolic profile that
was not present at 3 months. This profile
includes insulin resistance and hypoadipo-
nectinemia, both of which are potentially
consistent with visceral fat accumulation
(24,25). These data thus suggest that fail-
ure to lose pregnancy-acquired weight
has negative cardiometabolic implica-
tions, and these adverse sequelae emerge
quite early after delivery.

There are several points to recognize
about these cardiometabolic sequelae.
First, the between-group differences in
blood pressure, insulin resistance, adi-
ponectin, LDL, and apoB were indepen-
dent of adjustment for covariates,
including prepregnancy BMI, age, eth-
nicity, family history, parity, and breast-
feeding. Second, these differences were
generally unchanged by adjustment for
either GDM (which is associated with
chronic metabolic dysfunction) (26) or
the diagnosis of prediabetes/diabetes
at 3 months postpartum (diagnoses
that may influence lifestyle practices).
Third, it is important to note that the
absolute levels of the clinical cardiome-
tabolic risk factors in question (blood
pressure, LDL, apoB) were not necessar-
ily striking from a practitioner perspec-
tive. However, long-term exposure to the
gradients that emerge after stratification
of women by their patterns of postpar-
tum weight change may ultimately lead
to differential risks of diabetes and

cardiovascular disease, as previously sug-
gested (27).

Thus a key clinical implication of
these data is that weight gain between
3 and 12 months postpartum may act
as a marker for women at risk for car-
diometabolic disease. It is currently un-
known whether this group of women
can be identified prior to this 9-month
window. In the current study, the only
consistent clinical predictor of future
weight gain during this window was
prepregnancy BMI (antepartum insulin
sensitivity, though significant, is not
measured in practice). The other clinical
question that emerges is whether inter-
vention can be implemented for those
women who do not lose weight be-
tween 3 and 12 months in order to re-
duce their cardiometabolic risk. One
potential option suggested by our data
is that sport activity warrants investiga-
tion as a lifestyle intervention that may
reduce the likelihood of weight reten-
tion in this setting. Of note, the moder-
ating effect of sport activity observed in
this study is consistent with an earlier
report that showed that aerobic exer-
cise in the first 6 months postpartum
was associated with lesser weight gain
at mean 8.5 years after delivery (28).

To our knowledge, our study is the
first to investigate weight patterns
during the first year postpartum and
their relation to changes in cardiometa-
bolic health. A strength of this study is
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its prospective systematic assessment
of cardiometabolic function in a well-
characterized cohort of women at
three points in time during and after
pregnancy. This design enabled demon-
stration of the emergence of cardiome-
tabolic consequences by 12 months
postpartum that were not present 9
months earlier. Because of the observa-
tional nature of this study, we cannot
imply causality in the relationship be-
tween sport index and reduced risk of
weight gain and cannot exclude the pos-
sibility that physical activity is a marker
for some other unmeasured factor. The
study is also limited by the use of self-
reported prepregnancy weight, which is
susceptible to recall bias. These limita-
tions, however, do not undermine our
demonstration of the incident emer-
gence of cardiometabolic sequelae be-
tween 3 and 12 months after delivery
in relation to directly measured patterns
in weight change over that time.

Our findings highlight the cardiome-
tabolic implications of postpartum
weight change patterns and emphasize
the importance of limiting gestational
weight retention as early as 1 year post-
partum. Future study is needed for eval-
uation of the cardiometabolic effects of
weight retention in the subsequent
years beyond the first year. Additionally,
interventional studies should be consid-
ered to promote weight loss between
3 and 12 months postpartum. Lifestyle
modification particularly targeting sport
activity in the postpartum is an interven-
tion that warrants consideration.

In summary, while most women ex-
hibit some gestational weight retention
3 months after delivery, those who do
not lose weight in the subsequent
9 months develop an adverse cardiome-
tabolic profile by as early as 12 months
postpartum. This profile consists of
higher blood pressure, greater insulin
resistance, lower adiponectin, higher
LDL cholesterol, and higher apoB levels.
As the observed risk factor gradients are
not present at 3 months but are readily
apparent at 12 months, these data high-
light the time course linking postpartum
weight changes with incident cardiome-
tabolic sequelae. Furthermore, they im-
plicate the period between 3 and 12
months postpartum as a critical window
during which patient and practitioner
attention to weight control may be

important to long-term metabolic and
vascular health.
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