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ABSTRACT
Objective:

This study explored the developmental trajectasigzostpartum weight from 0.5 to 3 years
after childbirth, and aimed to determine the asdams between postpartum weight
trajectories and prepregnancy BMI and adequacstagional weight gain (GWG).
Methods:

Data from the Norwegian Mother and Child Cohortigtwere used, following 49,528
mothers 0.5, 1.5, and 3 years after childbirth. pses were performed using latent growth
mixture modeling.

Results:

Three groups of developmental trajectories of parston weight were found, with most
women (85.9%) having a low level of weight retentinitially and slight gain over 3 years,
whereas 5.6% of women started at a high postpanteight retention (on average 7.56 kg) at
0.5 years but followed by a marked weight loss dwvee (2.63 kg per year on average), and
the third trajectory represented women (8.5%) wéa igh weight retention high initially
(on average 4.67 kg at 0.5 years) and increasinghivever time (1.43 kg per year on
average). Prepregnancy overweight and obesity aressive GWG significantly predicted a
high postpartum weight trend.

Conclusions:

Women had substantial variability in postpartumgh¢idevelopment — both initially after
birth and in their weight trajectories over timarly preventive interventions may be
designed to assist women with prepregnancy ovetweigd obesity and excessive GWG,

which helps to reduce the increasing trend forgmostim weight.
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INTRODUCTION

Obesity among women is increasing globally (1), exckessive postpartum weight retention
(PPWR) has been regarded as one of the most inmpoitk factors for this concerning trend
(1-4). Although studies have commonly reportediatireely small average of PPWR, ranging
from 0.5 to 1.5 kg during 6-18 months postpartuatssantial variability in weight retention
has been documented, ranging from a gain of 2616 kgoss of 12.3 kg one year after
pregnancy (5, 6). In general, studies have repahnadl13% - 20% of mothers retain 5 kg or
more above their preconception weight measuredat fyestpartum (7). However, other
studies have documented a decline in mean postpavaight until 12 months postpartum
and then a steady increase (4). Furthermore, PPAVYRear postpartum appears to be an
even stronger predictor of overweight 15 years gitegnancy than weight gain during
pregnancy itself (8). Little work has been doneharacterize the trajectories of postpartum
weight and capture the variability in weight retentor gain over time. Such research is
important to understand the natural course of @ogim weight, to identify high-risk groups
for overweight and obesity, and help to designdsed prevention programs, which may have
important public health impact on obesity and edadisorders.

Higher prepregnancy body mass index (BMI) has heéemntified as potential risk
factor for PPWR and subsequent overweight and tblest research findings examining the
association between prepregnancy BMI and postpaoiterweight have been inconsistent
(7). A review of studies exploring the relationween prepregnancy BMI and PPWR yielded
mixed results with some studies reporting a pasifissociation, some no association, and
some an inverse association (7). Non-significaffiéidinces in weight retention between
women who were normal weight and overweight befweginancy were reported as well (8).

Limited sample sizes and self-reporting bias haentsuggested as the primary reasons for



the conflicting findings (7). However, the pattenisievelopmental trajectories for
postpartum weight across prepregnancy BMI groups harely been investigated.

Gestational weight gain (GWG) in excess of 2009 tune of Medicine (IOM)
recommendations is strongly and positively assediatith high PPWR (7, 9). Women with
excessive GWG are still at a greater risk of be@wngrweight or obese even two decades after
the index pregnancy (10). Nevertheless, it remantdear how the developmental trajectories
of postpartum weight are related to GWG, and, mi@aar to the adequacy of GWG based
on IOM definition (11). Since women with excess@#/G retained more weight than those
who gained within the recommendations (9), focusingaverage GWG may not necessarily
demonstrate a greater risk for persistent postpaveight retention or gain. Thus,
investigating the impact of adequacy of GWG ondbeelopmental trajectory of postpartum
weight may provide results with important implicats to the rising trend of overweight and
obesity among women of reproductive age.

Generally, many of the prior studies examining pegpancy BMI, GWG and PPWR
have been limited by short follow-up periods (<angeafter birth), small sample sizes, and a
lack of control for multiple confounding covariatd$us, little is known about individual
differences in the amount of weight retained ongdi In this study, we therefore aim to
examine postpartum weight trajectories up to 3yeéer birth, and to determine the effect of
prepregnancy BMI and adequacy of GWG on trajecsafgpostpartum weight. The current
study used data from the population-based longialditudy — Norwegian Mother and Child

Cohort study (MoBa).

METHODSAND PROCEDURES

Participants and procedures
MoBa is a prospective population-based pregnanbgrtstudy conducted by the Norwegian

Institute of Public Health (11). Participants weeeruited throughout Norway from 1999



through 2008, and 38.5% of the invited women cotegkto participate. The cohort includes
108,000 children and 90,700 mothers. Informed aunsas obtained from each MoBa
participant upon recruitment. The study was appiduethe Regional Committee for
Medical Research Ethics in southeastern Norwaytlaadlorwegian National Data
Inspectorate. The response rates among women wiseicted to participate (38.5%) were
84.5%, 72.5%, and 58.7% at 0.5, 1.5, and 3 yeatpadum, respectivelyA complete
description of recruitment and data collection basn published elsewhere (11).

The current study is based on version 7 of theityuadsured data files released in
2013. This data version included 103,606 motheldalkeicords. The analysis population
included MoBa participants whoa)hadnon-missing self-reported age; (b) had a live,
singleton birth; (c) had the first pregnancy in MeBa cohort regardless of parity status, i.e.
if a woman enrolled in MoBa more than once (duadditional pregnancies), only the first
pregnancy was include¢d) had returned Questionnaire 1 before delivegydid not
complete an early pilot version of Questionnairéfilhad plausible values for prepregnancy
and postpartum weight (30 kg < weight before aner gdregnaay <=300 kg), and height
values (> 100 cm); (g) did not have extreme GW@Gesl(-10 kg < GWG < 50 kg); (h) did
not have extreme postpartum weight values (-10 pgstpartum weight < 16 kg); (i) had
biologically viable times for live birth (gestatiahage of the baby exceeded 140 days but was
less than 309 days); and (j) had a recorded gestdtage of baby per ultrasound. Figure 1
demonstrates how we reached the analytic sampl8,628 mothers/ho met these criteria.
The women who met the selection criteria were nlikedy to be older and highly educated,
and have higher household income and fewer childoempared to those women who did not
meet the selection criteria. Moreover, researchuatiag selection-bias in MoBa found
significant differences in the prevalence of premyaoutcomes and complications, and

background characteristics between MoBa particgpant the total Norwegian population of



mothers; however, no statistically significant difnces were found for exposure-outcome
associations (12). This suggests that althouglttsatebias may be a problem with validity in
studies of prevalence, it may be less problematistudies of exposure-outcome
associations.

Figure 1 here

M easur es

Outcome

Information about postpartum weighias obtained through self-report. Participants rreglo
their weight at 0.5, 1.5, and 3 years after bitteight retention or gain (in kgyas calculated
using self-reported weight before pregnancy sutgchfrom postpartum weights at each

follow-up time point

Predictors

Maternal prepregnancy BMI (in kgfinwas calculated using prepregnancy weight anchheig
that wereretrospectivelyeported at 18 weeks of gestation. BMI was caiegdaccording to
WHO and the 2009 IOM guideline (i.e. underweight8<5, normal weight: 18.5-24.9,
overweight: 25.0-29.9 and obe&&0.0).

GWG (in kg)was calculated using weight before pregnancy scietiafrom weight at
birth that was retrospectively reported at 0.5 gguustpartum. The adequacy of GWG was
defined as a ratio of observed GWG to expected GiN&2009 IOM recommendation) at
the gestational age of delivery multiplied by 188 ,described elsewhere (13, 14). The
calculated percentage of weight-gain was thereaftergorized as inadequate (less than the
lower cutoff of recommendations), adequate (witlecommended range), or excessive
(greater than the upper cutoff of recommendatiforsg¢ach prepregnancy BMI group. For
example, a woman with preconception weight withi& mormal/healthy weight range (i.e.
18.5 kg/nt to 24.9 kg/m) would be expected to gain 12.28 kg at 37 weelgesfation. GWG
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below 85% (i.e., 10.44 kg) of the expected valuelldde categorized as inadequate, between
85% and 118% (i.e., 10.44 kg to 14.49 kg) as adegaad above 118% (i.e., 14.49 kg) as

excessive.

Covariates

Covariates includethaternal age at delivery, paritydfined as total number b¥e births),
maternal education, total household income, anddtieeding status at 5 months
Breastfeeding was based on maternal report atfimeths. Predominantly breastfeeding was
defined as breastfeeding without any supplementsrofula milk or solid food. Although the
current WHO recommendation is for exclusive bresesting (without any drinks, including
water etc.), we applied the less restrictive catggbpredominant breastfeeding up to 5
months postpartum. If other feeding types had heseql (either solid foods or formulas) then
they were categorized as “partially breastfeediagt a third category was “not
breastfeeding” if the child was not receiving amgdst milk (15)All covariates were self-
reported with the exception of maternal age andypavhich were captured from thMedical
Birth Registry of Norway (16). Adjusting for these factors allows for theaexnation of the
unique association betwepostpartum weighénd predictors (prepregnancy BMI and GWG

status).

Statistical analyses

Latent growth mixture modeling (GMM) was appliedtodel the developmental trajectories
of postpartum weightGMM is useful to model differences in growth &eories of

individuals over time. This analysis is accompllhy specifying latent trajectory classes
(i.e., a categorical latent variable), which alldesdifferences in growth parameters
(intercept and slope) across groups of individ(aly. GMM also captures heterogeneity in
growth parameters across the latent classes, a$si@ming homogenous growth trajectories

within a class (17). The models were estimateddaygithe robust maximum likelihood



approach; specificallgn expectation-maximization algorithm was appligte time values
were coded as 0, 1, and 2.5 representing 0.5 ye&rgears and 3 years postpartum
respectively. Missing data were modeled by usilgfiformation maximume-likelihood
(FIML) method with the assumption that the dataraigsing at random (18).

Given the study objectives, the framework of anegy®r the GMM is presented in
Figure 2. The developmental trajectoriepos$tpartum weighat 0.5, 1.5, and 3 years are
estimated by growth parameters (“I’ — intercepitjahstatus of PPWR and “S” — slope,
postpartum weighthange rate over time). A categorical latent vdeldG” represents the
unobserved subpopulation membership for each dewedatal trajectory gbostpartum
weight where each subpopulation (latent class) is reptes by specific growth parameters
(means and variances in “I” and “S”). The GMM igended by including time-invariant
predictors and covariates that predict the memieifhsubpopulation to each latent class of
postpartum weight

To perform the above mentioned framework of analyse fitted the conditional
GMM that included “C”, predictors, and covariat&ében, the optimal number of latent
classes was determined by comparing the Bayesianration Criteria (BIC), entropy, and
the bootstrap likelihood ratio test (BLRT) amongwth-mixture models with different
numbers of latent classes (17, 19). The effectgedictors on “C” were estimated by
multinomial logit models. Data analyses were penked in Mplus version 6.12. For the
analyses, a p-value less than 0.05 is consideasidtgtally significant.

Figure 2 here



RESULTS

Characteristics of the study population

Descriptive statistics for the characteristicstafly population are presented in Table 1. The
mean age of women in the study was 30.3 years{<id4). About 44 % of women were
living in households with more than 500,000 NOK aalrincome £ $84,000). Around two
thirds had a college or university education. Clms®0% of women were first-time mothers,
whereas 31.7% had one child, and 18.9% of womerivnadr more children before the
current pregnancy. About 51% of women had predontipdreastfed the current baby
during the first five months postpartum. As to pegmancy BMI, 67.8% of women had BMI
within the normal range, whereas 3.2% fell withie tinderweight range, 21.4% fell within
the overweight range, and 7.6% fell within the @esge. The mean GWG was 15 kg (s.d. =
5.72), with about a quarter in the inadequate GWBIg, 35.5% in the recommended GWG
group, and 40.2% of women in the excessive GWGrébe adequacy of GWG was
calculated based on WHO and the 2009 IOM guidébneach BMI category.

Table 1 here

Developmental trajectories of postpartum weight

The mean postpartum weight retained or gained @+in kg) was 1.36 + 4.15 at 0.5 years,
1.25 +4.18 at 1.5 years, and 1.87 + 4.39 at 3sydes an initial exploratory step, we first
estimated linear growth curves to describe thedtayy of postpartum weight in all
participants by the growth factors (intercept anddr slope). The model indicated that the
mean of intercept and slope of postpartum weighewe?9 (s.d.=3.26, p<0.001) and 0.16
(s.d.=0.85, p<0.001), showing the average PPWFRSagdars to be 1.29 kg, whereas weight
increased significantly by 0.16 kg per year on ager(BIC=621,560; Root Mean Square

Error of Approximation =0.08; Comparative Fit Indef.98). The correlation between



intercept and slope in this model was negativesaguificant (-0.76, p<0.001), suggesting
that the rate of increase in postpartum weighejgethident on the initial PPWR — those with
greater PPWR at 0.5 years tended to have an ategshun@rease in weight over time. Also,
the significant slope growth factor variance intiéchthat not all women retained or gained
weight at the same rate, but they had significanigbility in their rates of postpartum weight
change over time.

To examine the heterogeneity of developmentaldtajees of postpartum weight from
0.5 to 3 years after birth, GMM was applied. Aswhon Table 2, we explored the number of
distinct latent trajectory classes and comparechthg goodness-of-fit indices — BIC,
entropy, and BLRT. The BIC and the BLRT test sugggshat the four class model
represented a significantly better fit to group tifagectories of postpartum weight than the
three class model; however, the three class maakthe highest entropy indicating better
latent classificatiorf19), on which we based our selection of that modeé Model with
three trajectories is also in accordance with pnesitheoretical and empirical work, where
weight retention has been categorized as lost weiglchange, moderate, and high retention
groups (20).

Table 2 here

Figure 3 illustrates the estimated and sample mefpastpartum weight for each
trajectory over time. In accordance with the GMMuks (estimated means for  and S in
parentheses), the first trajectory represented womt a high PPWR (1=4.67, p<0.001) and
who displayed an increasing trend over time (S=1p48.001). Mothers in the second
trajectory experienced initial high PPWR (I=7.580@001) with a sharp decline over time
(S=-2.63, p<0.001). Women in the third trajectaryrted with low PPWR (1=0.35, p<0.001)

and increased at a low level over time (S=0.19,@30). Henceforward, these trajectories are
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referred as Initial High Retention —Continued G@HiR-CG), Initial High Retention-Sharp
Decline (IHR-SD), and Initial Low Retention —Conied Low Gain (ILR-CLG), respectively.

Based on the most likely latent class membershgptoportion of participants was
8.5% (N= 3,679) for IHR-CG class; 5.6% (N=2,407) #dR-SD class; and 85.9% (N=
37,019) for ILR-CLG class. The variances of allwtio factors in each class were significant
(p<0.001), indicating that there were substantisgrindividual differences in the initial status
of PPWR and rate of changes in weight after birth.

Figure 3 here

Developmental trajectories of postpartum weight, prepregnancy BMI and

adequacy of GWG

Table 3 presents the multinomial logistic modeutessfor the effect of prepregnancy BMI
and adequacy of GWG on the latent class membeo$ipstpartum weight, while
controlling for multiple covariates, such as mag&tiage, maternal education, household
income, parity, and breast feeding. To obtain agdtlss (ORS), the ILR-CLG was set as the
reference class. Also, normal prepregnancy BMIthecadequate GWG group were set as
reference categories for prepregnancy BMI and GYé&pectively. Underweight before
pregnancy and inadequate GWG were significantlyreeghtively associated with IHR-CG
(ORs = 0.56 and 0.63, respectively) and IHR-SD (GRs43 and 0.39, respectively) classes
versus the ILR-CLG class, suggesting lower oddsedfg in the IHR-CG and IHR-SD
classes if underweight before pregnancy or havamgGWG. Overweight and obesity before
pregnancy and excessive GWG were significantly@ogitively associated with IHR-CG
(ORs = 3.16, 3.45, and 2.90, respectively) and BIR(ORs = 2.52, 3.26, and 6.06,
respectively) classes versus the ILR-CLG classyssting higher odds of IHR-CG and IHR-
SD class membership for these groups.

Table 3 here

11



DISCUSSION
The current study reveals that for most womenfrégectory of postpartum weight

represented fairly moderate weight change — lems 2kg in the 3 year after birth. However,
8.5% of women reported an increasing trend in thveight, retaining around 5 kg at 0.5 years
and increasing by 1.43 kg per year on average gltin@ observation interval. Another 5.6%
of women reported initial high weight retentionboat 8kg at 0.5 years, followed by
considerable loss of weight — 2.63 kg per yeanarage. Previous investigations have also
reported quite marked average variations with weigtention ranging from a gain of 26.5 kg
to a loss of 12.3 kg one year after pregnancy) S none of these studies examined the
individual variability in the weight trajectories more detalil.

Importantly, our study implies the 8.5% of womehoacontinued to gain weight over
the 3 years after childbirth were more likely todserweight or obese before pregnancy and
have experienced excessive GWG. Such associatienmeticularly concerning, given that
the prevalence of obesity among Norwegian womernrtasased over the last 30 years, from
9-10% in 1985 to 18% in 2013 (21, 2&)prepregnancy obesity is a causal risk factor fo
PPWR, then increasing obesity trends may negatiaéllyence postpartum weight
trajectories for a significant number of mothers.

Although little is known about risk factors thaflirence a pattern of high postpartum
weight (IHR-CG women), a few longitudinal studies/a suggested socioeconomic,
psychological, and lifestyle factors may contrib(#6, 23-25). For example, Siega-Riz et al.
identified a number of predictors for a high weigktention at 3 and 12 months postpartum
including: young maternal age; unemployment; lowcadional attainment; short sleep
duration €5 h); having an infant hospitalized after going lepmlisordered eating behaviors,
and high total energy intake (20). The resultiia paper indicate that postpartum weight
retention or gain can still be a significant iséorewomen with relatively high income and
education.
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Additionally, a Danish population-based study réeedhat feeling distress,
depression, anxiety, and low socio-economic statre associated with high PPWR at 6 and
18 months postpartum (24). Some biological fachange been also implicated, such as high
serum insulin concentration during pregnancy, insudsistance, and the G prot@® subunit
825T allele (1, 26). However, it is still uncleahether these predictors are causally
associated with postpartum weight or whether thégréntiate IHR-CG women from IHR-
SD or ILR-CLG womenEach of these aspects of postpartum weight padietill be
followed in our future research.

Interestingly, 5.6% of women in this study expeciesh a noticeable declining trend in
their weight development, even though they stantiéldl a high PPWR at 0.5 years
postpartum and were more likely to have a high gpancy BMI £ 25) and excessive
GWG. Although studies identified some women witlerage weight loss about 12.6 kg in the
one year postpartum (5, 6) or 13.6 kg in 2.5 ya#tes birth (27), factors related to such
marked weight loss have not been adequately stulllisdrelevant to determine whether this
declining trend is transitory or has permanentat§f@n long-term weight status.

It is perhaps not surprising that women with prgpency overweight and obesity and
excessive GWG were more likely to be classifiettasng IHR-CG or IHR-SD trajectories
than an ILR-CLG trajectory, even while controllifag some confounding factors. Despite
inconsistent findings regarding the effects of ppegnancy BMI on postpartum weight and
limited evidence about the association betweenwsgof GWG and postpartum weight,
there has been a well-documented positive assogibgtween postpartum weight,
prepregnancy BMI, and GWG (7, 9, 20).

To the best of our knowledge, this study represtr@dirst longitudinal investigation
of the developmental trajectories of postpartumgheusing a large, population-based sample

(N=50,000). Nonetheless, the study also has limitatibirst, the present study had a low
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response rate. Of invited women, only 38.5% agtegarticipate in MoBa. However, this
rate is characteristic of large epidemiologic stsdand does not necessarily imply biased
estimates of associations (28). Second, the sasyp¢her homogeneous, as participants are
predominantly white and more educated with a higérage household income. Participants
may therefore represent a healthier segment oflabpa, which may limit the
generalizability of study findings to the generapplation of childbearing women in Norway.
The inclusion of more women with higher educatiad amcome and fewer births could
underestimate postpartum weight retention or gamthe other hand, studying
predominantly older women may overestimate the lopweent of postpartum weight, as
maternal age over 40 years may be associated va#tey postpartum weight retention or
gain (23). Third, excluding a larger proportiormadmen (i.e., those who did not meet the
selection criteria) could be a source for selechi@s. Fourth, while self-reported weights
have been shown to be reliable (29), there is @etecy for overweight or obese women to
underestimate their weight, and for underweight wono overestimate their weight (7).
Moreover, another concern is that weight at bstheported retrospectively 0.5 year
postpartum. This might be inaccurate, as manyep#urticipants may not remember or might
not even know their weight at birth. Future reskarguld extract weight at birth from the
Medical Birth Registry of Norway, whereas such data are currently incompleéiteh,
although the current study controlled for some oanflers, the associations between
postpartum weight and prepregnancy BMI and GWGabel confounded by multiple bio-
psychosocial and lifestyle factors. Finally, sitice latent trajectories analysis is based on the
data driven procedure, it requires replicationdofem the results.

In summary, the results suggest three distinctldpweental trends of postpartum
weight, with significant individual variability iboth initial weight retention and rates of

weight gain or loss over the 3 year after birth.iiém with prepregnancy overweight and
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obesity and excessive GWG were more likely to netaight initially and gain over time.
Although most women retained or gained weight latnalevel, those with an increasing trend
in postpartum weight should be assisted throughgmtgon program. Specifically, these
findings emphasize the importance of developing@ptable and nonjudgmental approaches
to assist women at high risk for postpartum weight] to maintain weight gain within IOM
recommendations during pregnancy. Additional s&idie necessary to explore multiple bio-
psychosocial and lifestyle risk factors and pathsvagsociated with high postpartum weight.
In our future research, we will investigate howlbgical, psychological, social and
behavioral risk factors associate with the develeptal trajectories of postpartum weight,
and how this weight development relates to theafskaternal and child overweight and

obesity.
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Table 1 Descriptive summary of the study population characteristics

Variables N

%

Maternal age in years (M = S.D.) 30.28 + 4.64
Household income:

0-200,000 NOK 2,824
201,000-500,000 NOK 22,535
501,000-700,000 NOK 12,528

>700,000 NOK 7,785

Maternal education:
<3 years high school 3,457
Vocational high school 6,171
3-year high school 7,120
Regional technical college/4-year 19,248
university degree
University or technical 10,926
college, > 4 years
Parity:
0 24,469
1 15,689
2" 9,370
Breast feeding at 5 months:
Predominant breast feeding 25,126
Partial breast feeding 16,561
No breast feeding 7,692
Prepregnancy BMI (kg/fx:
Normal 33,242
Underweight 1,569
Overweight 10,490
Obese 3,730
GWGinkg (M+S.D.) 15.01 +5.72
GWG adequacy:
Inadequate 11,902
Adequate 17,411
Excessive 19,718

6.18
49.34
27.43
17.05

7.37
13.15
15.17
41.02

23.29

49.40
31.68
18.92

50.88
33.54
15.58

67.80
3.20
21.39
7.61

24.27
35.51
40.22

BMI, body mass index; GWG, gestational weight gain
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Table 2 Indices of goodness-of-fit of GMM

BLRT
No. of latent
classes BIC Entropy Value (df) p
1 534,594 - -
2 531,010 0.76 3936.5(33) <0.001
3 529,483 0.78 2065.7(33) <0.001
4 528,743 0.50 986.6(33) <0.001

GMM, growth mixture model; BIC, Bayesian InformatiCriteria, BLRT, the bootstrap

likelihood ratio test
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Table 3 Multinomial logistic regression resultsfor effects of prepregnancy BMI and
adequacy of GWG on thelatent class member ship of postpartum weight

Predictor L atent classes of postpartum weight
Initial High Retention- | Initial High Retention-
Continued Gain Sharp Decline
(N= 3,679) (N=2,407)
OR (95% CI)! OR (95% CI)!
Prepregnancy
BMI:
Normal (reference group) (reference group)
Underweight 0.56(0.35-0.89)* 0.43(0.19-0.97)*
Overweight|  3.16(2.67-3.74)*** 2.52(1.83-3.47)***
Obese  3.45(2.69-4.43)*** 3.26(2.40-4.41)***
GWG adequacy:
Adequate (reference group) (reference group)
Inadequats 0.63(0.50-0.80)** 0.39(0.23-0.65)***
Excessive  2.90(2.418-3.49)*** 6.06(4.21-8.73)***

BMI, body mass index; GWG, gestational weight gain

*p< 0.05, **p< 0.01, ***p< 0.001

L adjusted for maternal age, maternal educationsétoald income, parity, and breast feeding
at 5 months

Initial Low Retention -Continued Low Gain (N= 37®)1is the referent class in this
multinomial model.
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