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Abstract
Objective: To evaluate the associations of pregestational BMI, gestational weight
gain (GWG) and breast-feeding at 1 month postpartum with four patterns of
weight change during the first year after delivery: postpartum weight retention
(PPWR), postpartum weight gain (PPWG), postpartum weight retentionþ gain
(PPWRþWG) and return to pregestational weight.
Design: In this secondary analysis of a prospective study, we categorised postpar-
tumweight change into four patterns using pregestational weight and weights at 1,
6 and 12 months postpartum. We evaluated their associations with pregestational
BMI, GWG and breast-feeding using multinomial logistic regression. Results are
presented as relative risk ratios (RRR) and 95 % CI.
Setting: Mexico City.
Participants: Women participating in the Programming Research in Obesity,
Growth, Environment and Social Stressors pregnancy cohort.
Results: Five hundred women were included (53 % of the cohort). Most women
returned to their pregestational weight by 1 year postpartum (57 %); 8 % experi-
enced PPWR, 14 % PPWG and 21 % PPWRþWG. Compared with normal weight,
pregestational overweight (RRR 2·5, 95 % CI 1·3, 4·8) and obesity (RRR 2·2, 95 % CI
1·0, 4·7) were associated with a higher risk of PPWG. Exclusive breast-feeding,
compared with no breast-feeding, was associated with a lower risk of PPWR
(RRR 0·3, 95 % CI 0·1, 0·9). Excessive GWG, compared with adequate, was asso-
ciated with a higher risk of PPWR (RRR 3·3, 95 % CI 1·6, 6·9) and PPWRþWG (RRR
2·4, 95 % CI 1·4, 4·2).
Conclusions: Targeting women with pregestational overweight or obesity and
excessive GWG, as well as promoting breast-feeding, may impact the pattern of
weight change after delivery and long-term women’s health.
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Overweight and obesity have increased at alarming rates
worldwide and currently afflict 76 % of adult women in
Mexico(1), highlighting the importance of identifying the
risk factors for excess weight in this population.
Pregnancy and childbearing are risk factors for weight gain

and obesity in women(2–5). Weight gain after childbirth may
be the result of postpartum weight retention (PPWR)
(i.e. retention of gestational weight), postpartum weight
gain (PPWG) (i.e. weight gain that occurs entirely in the
postpartum period)(6–11) or a combination of weight
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retention and gain (PPWRþWG) (i.e. retention of gesta-
tional weight, followed by postpartum weight gain)(6,11,12).
We recently showed that PPWR, PPWG and PPWRþWG
were associated with increased adiposity at 6 years
postpartum(13). PPWRþWG was the only pattern directly
associated with metabolic markers, such as insulin
resistance(13). These adverse patterns of weight change are
preventable. Therefore, it is essential to understand which
characteristics makewomenmore likely to experience them.

Different factors may predispose women to experience
weight gain v. retention after delivery. Gestational weight
gain (GWG) is a consistent and strong predictor of
PPWR(14,15). Pregestational BMI has shown an inverse asso-
ciation with PPWR(14,16), and a positive association with
PPWG(9). In some studies, exclusive breast-feeding has
been associated with lower PPWR(17), but other studies
have not found this association(18,19). To date, most of the
published studies have focused on identifying the predic-
tors of PPWR(14–19). Few studies have identified factors
associated with PPWG(9), and, to the best of our knowl-
edge, no studies have looked at the predictors of PPWRþ
WGwithin the first year after delivery. Furthermore,most of
the studies have included primarily white women living in
the USA, western Europe or Australia. Little is known about
predictors and patterns of weight change in other settings,
including Mexico. The objective of the current study was to
evaluate the associations of pregestational BMI, GWG and
breast-feeding with four mutually exclusive patterns of
weight change during the first year postpartum: PPWR,
PPWG, PPWRþWG and return to pregestational weight.

Methods

Study population
This was a secondary analysis of 948 mothers participating
in the prospective birth cohort Programming Research in
Obesity, Growth, Environment and Social Stressors
(PROGRESS). A full description of the cohort is provided
elsewhere(20,21). Briefly, PROGRESS is an ongoing prospec-
tive cohort study initiated in Mexico City in 2007. Between
July 2007 and February 2011, womenwith a singleton preg-
nancy who received health insurance and prenatal care
through the Mexican Social Security System were invited
to participate. They had to be at least 18 years old,
<22 weeks pregnant, free of renal or heart diseases, not
using steroids or anti-epileptic drugs, have access to a tele-
phone line and plan to live in Mexico City for the next
3 years. Women were excluded if they had a history of
infertility, diabetes or psychosis, consumed ≥1 alcoholic
drink a day or used drugs or any prescription, herbal or
over-the-counter medications regularly.

For the current analysis, we used information collected
by in-person interviews during the second and third
trimesters of pregnancy, and at 1, 6 and 12 months postpar-
tum. In this analysis, womenwho delivered a live newborn,

free of congenital malformations were included (n 937).
Out of the 937 women, 515 had weights available
(measured or imputed) to determine their pattern of
postpartum weight change, which was the outcome of
interest. Out of the 515 women, those who became preg-
nant again during the first year postpartum were excluded
(n 14). We further excluded one woman who had under-
gone weight loss surgery before pregnancy due to her
extreme weight loss during and after pregnancy. The final
sample consisted of 500 women, who were comparable in
demographic and anthropometric characteristics (e.g. pre-
gestational BMI, GWG), smoking history, lifestyle behav-
iours (e.g. physical activity and sedentary activities) and
breast-feeding practices to the 448 women not included
in the analysis. The only exception was gestational age
at delivery, which was slightly higher in the analytic sample
(38·4 v. 38·1 weeks).

Exposures: predictors of patterns of postpartum
weight change

Pregestational BMI
Trained personnel measured women’s height at the first
study visit following standardised procedures(22). All partic-
ipants self-reported their pregestational weight at the initial
visit. However, self-reported weight is less reliable in this
setting, where few women are regularly weighed.
Considering this, we used an estimated pregestational
weight obtained from a linear mixed-effects model. The
model used weights measured during pregnancy (second
and third trimesters) that were available for most women,
as well as clinical weight measurements in the 6 months
prior to pregnancy through the early pregnancy period that
were recovered from Mexican Social Security System clini-
cal records. The model also included days of gestation at
the time of weight collection, maternal height, age, socio-
economic status (SES), education, parity and self-reported
pregestational weight.

Model performance was assessed with ten-fold cross-
validation, which was based on an evaluation of how well
the model predictions at the last menstrual period agreed
with weights measured at the Mexican Social Security
System clinics for a subset of women (n 87). These weights
were measured within ±20 d of the last menstrual period.
The predictive accuracy assessed by the root mean square
error was 3·2 kg. In a post hoc analysis, the model’s predic-
tions were compared with those obtained by a model
recently proposed by Thomas et al.(23), achieving similar
results (data not shown).

We calculated pregestational BMI as estimated pregesta-
tional weight divided by height-squared, and classified
women as underweight, normal weight, overweight or
obese following theWHO criteria(24). Underweight women
were combined with the normal weight category due to the
small sample size (n 3).
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Gestational weight gain
The study personnel measured women’s weight during the
third trimester of pregnancy (mean gestational age 32 (SD 1)
weeks, range 29–35 weeks)(22). GWGwas calculated as the
difference between third-trimester weight and estimated
pregestational weight. It was corrected by the length of ges-
tation following the procedure described by Perichart-
Perera et al.(25). We classified women as having adequate,
insufficient or excessive GWG for their gestational age fol-
lowing the US Institute of Medicine (IOM) guidelines,
which have been previously used in a Mexican
population(25,26).

Breast-feeding practices
At the first month visit postpartum, women reported
whether theywere breast-feeding or not and the exclusivity
of breast-feeding (i.e. only breast milk or not). They also
reported on the introduction of formula, medications and
other types of milk, fluids and foods. With this information,
we classified breast-feeding as exclusive (i.e. only breast
milk), predominant (i.e. breast milk and certain liquids such
as water and water-based drinks, but excluding non-
human milk) and partial (i.e. breast milk and any food or
liquid, including non-human milk)(27).

Outcome: patterns of postpartum weight change
During every visit, the study personnel measured weights
with a digital scale following standardised procedures(22).
We categorised postpartum weight change into four mutu-
ally exclusive patterns using weights at 1, 6 and 12 months
postpartum, as well as estimated pregestational weight. We
focused on the first year postpartum because weight
changes associatedwith pregnancy aremore likely to occur
during this time(7), and also to be consistent with published
research(28,29). Return to pregestational weight at any
postpartum time point was defined as a weight no more
than 500 g higher than the estimated pregestational
weight. The following definitions were applied for this
classification:

• Return to pregestational weight: Women who
returned to their pregestational weight at 12 months
postpartum. Includes women who lost weight com-
pared with the pregestational state.

• Postpartum weight retention (PPWR): Women who,
on average, lost weight through 12 months postpar-
tumwithout ever reaching their pregestational weight.

• Postpartum weight gain (PPWG): Women who
reached their pregestational weight at any point dur-
ing the first 6 months postpartum and gained weight
after that.

• Postpartum weight retention and weight gain
(PPWRþWG): Women who did not return to their
pregestational weight during the first 6 months and,
on average, gained weight through 12 months
postpartum.

We imputed weight at 12 months for 100 women with
missing weight at this time point using amultiple regression
model. For this procedure, we used the information from
the subsample of women (n 345) with weights available
at both 12 and 18 months postpartum. This subsample
was statistically comparable in demographic and anthropo-
metric characteristics to the imputed set (n 100) and the
overall cohort (see online supplementary material,
Supplemental Table S1). Weights at 12 and 18 months were
logarithmically transformed to maximise their linear
association, as suggested by the Box−Cox family of
transformations(30). A basic model included weight at
18 months as the only independent variable and explained
96 % of the variability of weight at 12 months. However, we
included additional covariates to improve the model
explanatory capacity and to increase precision in the model
estimates, namely age,marital status and pregestational BMI.
The final model achieved goodness of fit. To predict weight
on the original scale, we used the exponential function.

Covariates
At the first study visit, women reported their age, parity (pri-
miparous or multiparous), marital status (single/separated
or married/cohabitating) and education (basic: elementary
and secondary school; middle: high school; college: at least
college). Women were classified into six SES categories
(A/B [highest], Cþ, C, Dþ, D, E) using a validated question-
naire that included thirteen items on household assets and
conditions (i.e. housing quality, services, material goods)
and head of household’s education(31). For the current
analysis, the six categories were collapsed into three: high
(A/B, Cþ and C), middle (Dþ) and low (D, E). Gestational
age at delivery was calculated from the child’s birth date
and self-reported last menstrual period date. We used
the Capurro method, which is based on the newborn’s
physical characteristics, as a secondary method to estimate
gestational age. In caseswhere the twomethods differed by
>3 weeks, we used the Capurro method-derived gesta-
tional age(32).

Women provided information on smoking history,
physical activity and sedentary activities via a general infor-
mation questionnaire at the first study visit. Women were
categorised as never smokers, smokers around pregnancy
and former smokers (i.e. quit at least 1 year before preg-
nancy). Women reported leisure-time exercise as days
per week and time per day invested in activities such as
walking, running, swimming and aerobics, among others.
Because of the high prevalence of women who did not
engage in any leisure-time activity (87 %), we dichotom-
ised this variable as physically active or not (i.e. reported
>1 v. 0 min of leisure-time activity per week). Women also
reported time spent reading or watching TV during week-
days and weekends. We computed average hours per day
spent in these sedentary activities and categorised them as
<2 or ≥2 h/d. These cut-offs are consistent with previous
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research(33).We did not have information on diet, which is a
potential confounder on the associations of interest (i.e.
GWG and postpartum weight change)(34).

Statistical analysis
We described the distribution of participant’s characteris-
tics by the pattern of postpartum weight change via mean
and standard deviation for numeric variables, and percent-
ages for categorical variables. The statistical significance of
the associations was evaluated with multinomial logistic
regression models.

To evaluate the associations of pregestational BMI,
GWG and breast-feeding (all as categorical variables) with
patterns of postpartum weight change (dependent varia-
ble), we fit multinomial logistic regression models. The
reference group was women who returned to their preges-
tational weight at 12 months postpartum. We first included
each predictor individually in separate models to assess
their independent effects on patterns of postpartum weight
change. All the models were adjusted for relevant con-
founders selected after a thorough literature review, includ-
ing maternal age, marital status, education, parity and SES.
The models, including GWG as the main predictor, were
further adjusted for pregestational BMI, smoking history,
physically active and sedentary activities during preg-
nancy. The models for breast-feeding were additionally
adjusted by pregestational BMI, adequacy of GWG,
smoking history, gestational age at delivery and pregnancy
complications, including pre-eclampsia, gestational hyper-
tension and gestational diabetes. The Hosmer−Lemeshow
test was performed to assess the goodness of fit of the
models(35). For comparison, we performed the same analy-
sis (i.e. the association of pregestational BMI, GWG and
breast-feeding with patterns of postpartum weight change)
excluding women with imputed weight at 12 months. The
results did not differ substantially; therefore, only the results
on the full dataset are presented (see online supplementary
material, Supplemental Table S2).

In a sensitivity analysis, we used a modified definition
of patterns of postpartumweight change considering a 0 g
instead of the 500 g margin as a threshold to return to pre-
gestational weight. Additionally, to compare our pro-
posed classification of patterns of weight change with
an outcome commonly reported in the literature(9,29,36),
we evaluated the association of pregestational BMI,
GWG and breast-feeding at 1 month with the odds of sub-
stantial postpartum weight retention using logistic regres-
sion models. Women were classified as having substantial
postpartum weight retention if the difference between
their weight at 12 months and their pregestational weight
was ≥4·5 kg.

We performed all the analyses in STATA 15 (Stata
Corp LP). A P-value <0·05 was considered statistically
significant.

Results

Women were 27 years on average, had basic education
(42 %), were married or cohabitating (82 %), had low
SES (53 %) and were multiparous (64 %) (Table 1).
Pregestational overweight affected 41 %, and obesity 18 %,
of the women. Mean gestational weight gain was 7·4
(SD 3·1) kg, and adequate gestational weight gain (47 %)
was more common than insufficient (26 %) and excessive
(27 %) gain. The majority (53 %) practiced partial breast-
feeding at 1 month postpartum, and 28 % practiced exclu-
sive breast-feeding.

Most women returned to their pregestational weight by
12 months postpartum (57 %), while 8 % had PPWR, 14 %
PPWG and 21 % PPWRþWG. Marital status, parity, pre-
gestational BMI and GWG differed between patterns of
postpartum weight change (Table 1). For example, the
pattern of PPWR had a high proportion of women who
were married or cohabitating (85 %), multiparous
(72·5 %), normal weight prior to pregnancy (55 %) and
who had excessive GWG (56·8 %). Most women who
experienced PPWGhad overweight or obesity before preg-
nancy (75·7 %), and a high proportion had adequate
(45·3 %) or insufficient (32·8 %) GWG. Almost half of
women with PPWRþWG were primiparous (49 %),
59·6 % had overweight or obesity before pregnancy, and
42·4 % had excessive GWG.

Mean weight change at 12 months postpartum for all
women was 0·2 (SD 4·6) kg, with a range of –14·7 to
18·2 kg. Women who returned to their pregestational
weight lost on average 2·8 (SD 2·7) kg by 12 months post-
partum. Those with PPWR and PPWG gained 2·9 (SD 2·1)
and 2·9 (SD 1·8) kg, respectively. Women classified as
PPWRþWG experienced the highest weight gain
from pregestational to 12 months postpartum with a mean
of 5·8 (SD 3·6) kg. As shown in Fig. 1, weight trajectories
from before pregnancy to 12 months postpartum also dif-
fered between the four patterns of postpartum weight
change.

Tables 2−4 present the association between each pre-
dictor and patterns of postpartum weight change. Results
are presented as relative risk ratios (RRR) and 95 % CI. In
the age-adjusted model (Table 2), pregestational over-
weight and obesity, compared with normal weight, were
each associated with a higher risk of PPWG (overweight:
RRR 2·5, 95 % CI 1·3, 4·8; obesity: RRR 2·2, 95 % CI 1·0,
4·7). They were not associated with PPWR or PPWRþWG.
These results persisted after adjustment for parity and
sociodemographic covariates (model 2).

Excessive GWG, in comparison with adequate GWG,
was associated with a higher risk of PPWR (RRR 3·3,
95 % CI 1·6, 6·9) and PPWRþWG (RRR 2·4, 95 % CI 1·4,
4·2). On the other hand, insufficient GWG was associated
with a lower risk of PPWRþWG (RRR 0·4, 95 % CI 0·2, 0·9)
(Table 3, model 1). These associations became some
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Table 1 Participants’ characteristics according to patterns of postpartum weight change in 500 women participating in the Programming
Research in Obesity, Growth, Environment and Social Stressors cohort*

Characteristics
All women, n 500

(%)

Patterns of postpartum weight change

P-
value†

Return to pregestational
weight PPWR PPWG PPWRþWG

n 286 (57·2 %)
n 40
(8 %)

n 70
(14 %)

n 104
(20·8 %)

% % % %

Pre-pregnancy
Maternal age (years) 0·582
Mean 27·2 27·3 26·4 27·7 26·8
SD 5·5 5·4 4·3 6·3 5·4

Education (%)
Basic 42·2 40·9 57·5 40·0 41·4 0·518
Middle 35·2 36·4 30·0 34·3 34·6
College 22·6 22·7 12·5 25·7 24·0

Marital status (%)
Married/cohabitating 82·0 85·7 85·0 74·3 76·0 0·047
Without partner 18·0 14·3 15·0 25·7 24·0

SES (%)
Low 52·6 51·8 55·0 44·3 59·6 0·181
Medium 22·4 21·0 22·5 24·3 25·0
High 25·0 27·3 22·5 31·4 15·4

Parity (%)
Multiparous 64·0 69·6 72·5 55·7 51·0 0·002
Nulliparous 36·0 30·4 27·5 44·3 49·0

Pregestational BMI (%)
Normal 41·0 43·4 55·0 24·3 40·4 0·033
Weight
Overweight 40·6 37·8 35·0 52·9 42·3
Obese 18·4 18·9 10·0 22·9 17·3

Pregnancy
Gestational age at delivery
(weeks)

0·203

Mean 38·4 38·3 38·4 38·2 38·7
SD 1·6 1·6 1·7 1·5 1·7

Smoking history (%)
Smokers around pregnancy 24·4 23·4 35·0 24·3 23·1 0·104
Former smokers 8·8 8·7 5·0 2·9 14·4
Never smokers 66·8 67·8 60·0 72·9 62·5

Physically active (%)
No 87·2 85·3 95·0 88·6 88·5 0·272
Yes 12·8 14·7 5·0 11·4 11·5

Time in sedentary activities‡ (%)
≥2h/d 55·8 51·8 65·0 57·1 62·5 0·153
<2h/d 44·2 48·2 35·0 42·9 37·5

GWG§ <0·001
Mean 7·4 6·7 10·5 6·4 8·7
SD 3·1 3·0 2·7 2·5 2·5

Adequacy of GWG (%)§
Insufficient 26·1 32·8 0·0 32·8 13·0 <0·001
Adequate 46·8 48·4 43·2 45·3 44·6
Excessive 27·2 18·8 56·8 21·9 42·4

Postpartum
Type of breast-feeding at
1 month (%)§
No breast-feeding 13·3 11·2 22·5 9·2 17·3 0·645
Partial 53·3 54·2 45·0 55·4 52·9
Predominant 5·5 5·6 7·5 6·2 3·9
Exclusive 28·0 28·9 25·0 29·2 26·0

PPWR, postpartum weight retention; PPWG, postpartum weight gain; PPWRþWG, postpartum weight retention þ weight gain; SES, socioeconomic status; GWG,
gestational weight gain.
*Education: basic (elementary and secondary school), middle (high school) and college (at least college). SES was obtained with a validated scale and categorised as high
(A/B, Cþ and C), middle (Dþ) and low (D, E). Pregestational BMI: normal weight (<25 kg/m2), overweight (≥25 to<30 kg/m2) and obese (≥30 kg/m2). GWG: insufficient (below
the expected weight for gestational age), adequate (between the expectedminimum andmaximumweights for gestational age) and excessive (above the expected weight for
gestational age). Physically active: no (did not engage in leisure-time activity), or yes (engaged in any leisure-time activity). Type of breast-feeding at 1 month: exclusive (only
breast milk), predominant (breast milk and certain liquids such as water and water-based drinks, but excluding non-human milk), partial (breast milk and any food or liquid,
including non-human milk) and no breast-feeding.
†P-value for the comparison between patterns of postpartum weight change using multinomial logistic regression models. A P-value <0·05 was considered statistically
significant.
‡Time in sedentary activities includes reading and watching TV.
§GWG and adequacy of GWG: n 449 (n 256 for return to pregestational weight, n 37 for PPWR, n 64 for PPWG and n 92 for PPWRþWG); type of breast-feeding at 1 month:
n 458 (n 249 for return to pregestational weight, n 40 for PPWR, n 65 for PPWG and n 104 for PPWRþWG).
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what stronger after adjustment for pregestational BMI,
sociodemographic characteristics and lifestyle behaviours
during pregnancy (model 2). GWGwas not associated with
PPWG in any of the models.

In the age-adjusted model, partial and exclusive breast-
feeding at 1 month, compared with no breast-feeding,
appeared to be protective for PPWR but not for PPWG or
PPWRþWG (Table 4, model 1). In both cases, the results
included the null value. After full adjustment of covariates
(model 2), the association between exclusive breast-
feeding and lower risk of PPWR became stronger, and
the CI excluded the null (RRR 0·3, 95 % CI 0·1, 0·9).

In a sensitivity analysis using amodified definition of the
outcome, we observed similar associations between pre-
gestational BMI, GWG and patterns of postpartum weight
change (see online supplementary material, Supplemental
Table S3). In this supplementary analysis, exclusive breast-
feeding at 1 month, compared with no breast-feeding, was

not associated with a lower risk of PPWR (RRR 0·5, 95 % CI
0·2, 1·4). We also wanted to assess how our proposed clas-
sification of patterns of postpartum weight change com-
pared with the widely used definition of substantial
postpartum weight retention (i.e. retaining ≥4·5 kg at
12 months postpartum). In our sample, 17 % of women
experienced substantial postpartum weight retention (see
online supplementary material, Supplemental Table S4).
Of these women, 13, 17 and 70 % would be classified as
PPWR, PPWG and PPWRþWG, respectively, according
to our classification. In age-adjusted and fully adjusted
models, pregestational BMI and breast-feeding at 1 month
were not associated with the odds of retaining ≥4·5 kg.
Insufficient GWG, compared with adequate GWG, was
associated with lower odds of substantial postpartum
weight retention (OR 0·4, 95 % CI 0·2, 0·9). In contrast,
excessive GWG was associated with higher odds of
PPWR (OR 3·3, 95 % CI 1·8, 6·0).

56
60

64
68

72
76

M
ea

n 
w

ei
gh

t (
kg

)

Pre−pregnancy 2nd trim 3rd trim 1st month 6th month 12th month
Stage

Fig. 1 (colour online) Weight changes from pre-pregnancy to 12months postpartum by patterns of weight change. The graph dis-
plays the mean weight in kg and 95 % CI at each time point within each category. , return to pregestational weight; , retention;

, gain; , retention/gain

Table 2 Association between pregestational BMI and patterns of postpartum weight change

Reference group: return to pregestational weight PPWR PPWG PPWR þ WG

Pregestational BMI* n RRR 95 % CI P-value RRR 95 % CI P-value RRR 95 % CI P-value

Model 1†
Normal weight 205 Reference Reference Reference
Overweight 203 0·77 0·37, 1·61 0·491 2·53 1·33, 4·81 0·005 1·26 0·76, 2·09 0·370
Obese 92 0·44 0·14, 1·37 0·158 2·19 1·02, 4·71 0·045 1·04 0·54, 1·99 0·911

Model 2‡
Normal weight 205 Reference Reference Reference
Overweight 203 0·81 0·39, 1·70 0·583 2·49 1·30, 4·77 0·006 1·27 0·75, 2·13 0·373
Obese 92 0·42 0·13, 1·29 0·129 2·19 1·00, 4·79 0·049 1·03 0·53, 2·00 0·940

PPWR, postpartum weight retention; PPWG, postpartum weight gain; PPWRþWG, postpartum weight retention þ weight gain; RRR, relative risk ratio.
Results from multinomial logistic regression models.
*Pregestational BMI: normal weight (<25 kg/m2), overweight (≥25 to <30 kg/m2) and obese (≥30 kg/m2).
†Model 1: adjusted for age.
‡Model 2: adjusted for age, marital status (single/separated and married/cohabitating), education (basic: elementary and secondary school; middle: high school; college: at
least college), parity (primiparous and multiparous) and socioeconomic status (high, middle and low).
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Discussion

Weight gain after delivery may be the result of retaining
gestational weight, gaining weight postpartum or both.
These patterns of weight change are associated with poten-
tially modifiable factors. In the current study, pregestational
overweight and obesity were associated with a higher risk
of PPWG during the first year postpartum, whereas exces-
sive GWG was associated with a higher risk of PPWR and
PPWRþWG. Exclusive breast-feeding at 1 month postpar-
tum decreased the risk of PPWR.

In our study, 21 % of women experienced PPWRþWG
the first year after delivery, while 14 % experienced PPWG
and 8 % PPWR. To date, most of the studies have lumped
all women who do not return to their pregestational weight
as having PPWR. None of these studies have differentiated
between patterns of postpartum weight change(29,37–41).
Some studies have shown that PPWG occurs in the late
postpartum period (≥12 or ≥18 months)(7,9,10,33). We build
on these results by showing that a considerable proportion
of women gain weight, either alone or combined with
retention, within the first 12 months after delivery. To the

Table 3 Association between gestational weight gain and patterns of postpartum weight change

Reference group: return to pregestational weight PPWR PPWG PPWR þ WG

Adequacy of GWG* n RRR 95 % CI
P-

value RRR 95 % CI
P-

value RRR 95 % CI
P-

value

Model 1†
Insufficient‡ 117 – – – 1·08 0·58, 2·02 0·814 0·43 0·21, 0·87 0·018
Adequate 210 Reference Reference Reference
Excessive 122 3·32 1·59, 6·92 0·001 1·29 0·62, 2·65 0·496 2·43 1·40, 4·23 0·002

Model 2§
Insufficient‡ 117 – – – 1·30 0·67, 2·53 0·439 0·42 0·20, 0·88 0·021
Adequate 210 Reference Reference Reference
Excessive 122 6·16 2·62, 14·50 <0·001 0·97 0·45, 2·10 0·937 3·04 1·62, 5·69 0·001

PPWR, postpartum weight retention; PPWG, postpartumweight gain; PPWRþWG, postpartum weight retentionþ weight gain; GWG, gestational weight gain; RRR, relative
risk ratio.
Results from multinomial logistic regression models.
*GWG: insufficient (below the expected weight for gestational age), adequate (between the expected minimum and maximum weights for gestational age) and excessive
(above the expected weight for gestational age).
†Model 1: adjusted for age.
‡n 0 for insufficient GWG and postpartum weight retention.
§Model 2: adjusted for age, marital status (single/separated and married/cohabitating), education (basic: elementary and secondary school; middle: high school; college: at
least college), parity (primiparous andmultiparous), socioeconomic status (high, middle and low), pregestational BMI (normal weight, overweight and obese), smoking history
(never smokers, smokers around pregnancy and former smokers), physically active (yes and no) and sedentary activities in pregnancy (<2 and ≥2 h/d).

Table 4 Association between breast-feeding and patterns of postpartum weight change

Reference group: return to pregestational weight PPWR PPWG PPWR þ WG

Type of breast-feeding at 1 month* n RRR 95 % CI
P-

value RRR 95 % CI
P-

value RRR 95 % CI
P-

value

Model 1†
No breast-feeding 61 Reference Reference Reference
Partial 244 0·43 0·17, 1·05 0·063 1·24 0·47, 3·22 0·665 0·64 0·33, 1·26 0·197
Predominant 25 0·65 0·15, 2·81 0·567 1·34 0·33, 5·56 0·683 0·44 0·12, 1·55 0·200
Exclusive 128 0·44 0·16, 1·19 0·104 1·23 0·45, 3·40 0·690 0·59 0·28, 1·23 0·156

Model 2‡
No breast-feeding 55 Reference Reference Reference
Partial 222 0·38 0·13, 1·09 0·071 1·23 0·44, 3·38 0·693 0·61 0·28, 1·33 0·214
Predominant 22 0·76 0·12, 4·61 0·761 2·18 0·47, 10·02 0·316 0·51 0·12, 2·19 0·367
Exclusive 114 0·27 0·08, 0·91 0·035 1·57 0·52, 4·72 0·419 0·69 0·29, 1·69 0·421

PPWR, postpartum weight retention; PPWG, postpartum weight gain; PPWRþWG, postpartum weight retention þ weight gain; RRR, relative risk ratio.
Results from multinomial logistic regression models.
*Type of breast-feeding at 1 month: exclusive (only breast milk), predominant (breast milk and certain liquids such as water and water-based drinks, but excluding non-human
milk), partial (breast milk and any food or liquid, including non-human milk) and no breast-feeding.
†Model 1: adjusted for age.
‡Model 2: adjusted for age, marital status (single/separated and married/cohabitating), education (basic: elementary and secondary school; middle: high school; college: at
least college), parity (primiparous and multiparous), socioeconomic status (high, middle and low), pregestational BMI (normal weight, overweight and obese), smoking history
(never smokers, smokers around pregnancy and former smokers), adequacy of GWG (insufficient, adequate and excessive), gestational age at delivery and pregnancy
complications (yes and no).
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best of our knowledge, only one study has characterised
different patterns of weight change the first year after
delivery, using repeated weight assessments(6). In the
current study of 305 Canadian women, 15 % weighted
more at 3 months postpartum, compared with their
pregestational weight, and gained weight from 3 to
12 months. Sixty-six per cent also weighted more at
3 months but lost weight from 3 to 12 months. However,
on average, they still weighted more by 12 months, com-
pared with their pregestational weight. Another 11 % had
lost weight by 3 months, compared with their pregesta-
tional weight, and regained weight from 3 to 12 months(6).
The three groups described in the current study are compa-
rable with our patterns of PPWRþWG, PPWR and PPWG,
respectively.

Women with pregestational overweight and obesity,
compared with normal weight, had a higher risk of
PPWG. Similar to our cohort, in the study of Kew et al.(6),
women who regained weight, after having reached their
pregestational weight, had the highest BMI before preg-
nancy. Lipsky et al.(9), in a study of 413 American women,
found that women with overweight and obesity, compared
with normal weight, had higher odds of gaining ≥2·25 kg
from 1 to 2 years postpartum (overweight: OR 2·4,
95 % CI 1·3, 4·4; obesity: OR 3·0, 95 % CI 1·6, 5·6).
Gunderson et al.(42) also showed that women with over-
weight and obesity were more likely to gain ≥2 kg from
6weeks to a median of 2 years postpartum. The reason
why women with pregestational overweight or obesity
are more likely to gain weight postpartum is unclear. It is
possible that behavioural factors associated with weight
gain, such as lower physical activity, longer time in seden-
tary activities and unhealthy dietary patterns, are more
prevalent among these groups of women(33,43).

We found that excessive GWG was associated with an
increased risk of PPWR and PPWRþWG,while insufficient
GWG was associated with a lower risk of PPWRþWG.
Higher GWG has been consistently associated with
PPWR(14–16,29,38,44,45), although none of these studies have
made the distinction between retention alone v. retention
and gain. In a recent meta-analysis, GWG above the IOM
recommendations, compared with ‘within recommenda-
tions’, was associated with a higher weight retention
(3·2 kg, 95 % CI 2·8, 3·6 kg). In contrast, GWG below the
IOM recommendations was associated with a lower weight
retention (−2·1 kg, 95 % CI −2·4, −1·9 kg)(14). Few studies
have evaluated the association between GWG and patterns
of weight change other from PPWR(11,12). An analysis of
postpartumweight trajectories in Norwegianwomen found
that excessive GWGwas associated with two weight trajec-
tories characterised by high initial weight retention
(6 months) followed by either weight loss or sustained
weight gain through 3 years postpartum. Insufficient GWG
was associated with a lower risk of these trajectories(12). A
recent study showed that excess GWG represents mostly
gains in maternal fat(46). This additional fat mass may persist

beyond delivery and explain the increased risk of PPWR or
PPWRþWG observed in our study. Our results of lower
risk of PPWRþWG among women with insufficient
GWG must be interpreted with caution. Insufficient
GWG, although it may provide some benefits in terms of
postpartum weight, has been associated with adverse
neonatal outcomes, including a higher risk of small-
for-gestational-age and preterm birth(47).

In the current study, exclusive breast-feeding at 1 month
was associated with a decreased risk of PPWR. Martin
et al.(40), in a study of Australian women, did not find any
association between the type of breast-feeding at 3 months
and weight retention at 12months. Consistent with our find-
ings, López-Olmedo et al.(48), in a group ofMexicanwomen,
found that those who breastfed exclusively until the third
month postpartum had greater weight loss in comparison
with those non-breast-feeding. One recent meta-analysis
did not find an association between breast-feeding and
postpartum weight change(18). Methodological differences
between studies, including different exposure times or def-
initions of breast-feeding, and lack of adjustment by relevant
covariates might explain the inconsistency in findings.

Our study has several implications. To modify the impact
of pregnancy and childbearing on women’s weight and
health status, we need to improve our understanding of
the course ofweight change after delivery and the character-
istics associatedwith the different patterns ofweight change.
In the current study, we proposed a different approach to
characterise postpartum weight trajectories in women.
Although some authors have suggested using the term
PPWR within a limited period following delivery, for exam-
ple, 12−18months(7,9), we showed that women also gain
weight during this time. We found that PPWRþWG and
PPWG were more common than PPWR among women
who did not reach their pregestational weight during the first
year after delivery. In a previous study, we found that
women with PPWR, PPWG and PPWRþWG, compared
with those who returned to their pregestational weight by
1 year postpartum, had increased adiposity 6 years after
delivery. We also found that PPWRþWG was associated
with metabolic alterations such as insulin resistance(13). In
the current study, we extend these results by identifying
the contribution of specific modifiable factors to the risk
of each of the patterns of weight change.

Our findings should be evaluated within the strengths
and limitations of the study. Generalisability may be limited
because our population consisted primarily of women of
low SES living in Mexico City. Only 53 % of the original
cohort had information available for this analysis, which
may have increased the possibility of selection bias. This
type of bias is unlikely because analysed and non-analysed
women were identical in all characteristics, including the
exposures of interest (except for gestational age at deliv-
ery). The potential for confounding was minimised by
adjusting each of the associations studied for relevant cova-
riates. However, we did not have information on diet,

4120 DC Soria-Contreras et al.



which likely plays a role in the variability of postpartum
weight change(34,49,50). In specific, diet during pregnancy
has been associated with both GWG and PPWR(34);
therefore, it is a potential confounder of this association.
We cannot completely rule out the possibility of residual
confounding for the lack of adjustment by diet.
However, other studies have shown that the association
between GWG and postpartum weight change is strong
and persists after adjustment by dietary patterns and energy
intake(8,29). Finally, the results on the association between
breast-feeding and patterns of postpartum weight change
must be interpreted with caution because some categories
had very small sample sizes (i.e. predominant breast-
feeding, n 22). We recognise that we may have been
underpowered to detect any association between these
categories and the outcome.

Some strengths must be acknowledged. We categorised
breast-feeding practices according to the WHO(27) and
adjusted by pregestational BMI, GWG and parity, which
are important confounders of the association between
breast-feeding and postpartum weight change(19).
Studying breast-feeding at 1 month postpartum may be
seen as a limitation but, by doing this, we were confident
that the exposure (i.e. breast-feeding) preceded the out-
come of interest (i.e. patterns of weight change). The
WHO recommends practicing exclusive breast-feeding
for at least 6 months postpartum(51). Therefore, our results
on the association between breast-feeding and PPWRmust
be interpreted with caution and should be replicated in
future studies. A strength of the current study is that most
weights used for the analysis were objectively measured
by trained personnel. One exception was weight at
12 months that was imputed for a subset of women. The
results excluding this subset of women were comparable
with those of the primary analysis that included women
with imputed and non-imputed weights. Self-reported pre-
gestational weight is highly subject to error in this popula-
tion, andmisreporting can be substantial(23). In the absence
of measured pregestational weight, using an estimated pre-
gestational weight rigorously validated, instead of self-
reported, might be a strength of this analysis.

Conclusions

We found that while most women return to their pregesta-
tionalweight 1 year after delivery, an important subset expe-
riences retention of gestational weight, weight gain or both,
which may increase their long-term risk of obesity and met-
abolic diseases. Although our results need to be replicated in
a different population, they suggest that these adverse pat-
terns of weight change may be prevented by targeting
women with pregestational overweight or obesity and
excessiveGWG, and bypromoting exclusive breast-feeding.
Future studies should test whether targeting these high-risk

women and promoting breast-feeding has an impact on
postpartum weight change and long-term women’s health.
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