
1Joo YY, et al. BMJ Open 2020;10:e034054. doi:10.1136/bmjopen-2019-034054

Open access 

Secular trends in postpartum weight 
retention from 2003 to 2012: a 
nationwide, population- based, 
retrospective, longitudinal study in 
South Korea

Yoonjung Yoonie Joo    ,1 Jong Heon Park,2 Sangbum Choi,3 Geum Joon Cho4

To cite: Joo YY, Park JH, 
Choi S, et al.  Secular trends in 
postpartum weight retention 
from 2003 to 2012: a 
nationwide, population- based, 
retrospective, longitudinal study 
in South Korea. BMJ Open 
2020;10:e034054. doi:10.1136/
bmjopen-2019-034054

 ► Prepublication history and 
additional material for this 
paper are available online. To 
view these files, please visit 
the journal online (http:// dx. doi. 
org/ 10. 1136/ bmjopen- 2019- 
034054).

Received 05 September 2019
Revised 29 April 2020
Accepted 29 May 2020

1Feinberg School of Medicine, 
Northwestern University, 
Chicago, Illinois, USA
2Big Data Steering Department, 
National Health Insurance 
Service, Wonju- si, Gangwon- do, 
Republic of Korea
3Department of Statistics, Korea 
University, Seongbuk- gu, Seoul, 
Republic of Korea
4Department of Obstetrics and 
Gynecology, Korea University 
Guro Hospital, Korea University 
College of Medicine, Seoul, 
Republic of Korea

Correspondence to
Dr Geum Joon Cho;  
 geumjoon@ korea. ac. kr

Original research

© Author(s) (or their 
employer(s)) 2020. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

Strengths and limitations of this study

 ► This will be the first nationwide population- based 
cohort study to evaluate secular trends in postpar-
tum weight retention (PWR) and their potential risk 
factors.

 ► To date, the secular trend of PWR has been poorly 
investigated due to varying study designs, ethnic 
composition and clinical definitions of PWR.

 ► The study was conducted on a large longitudinal co-
hort of 130 551 female individuals with a singular 
ethnic origin.

 ► All research data were retrieved from the national 
centralised database of health examination records 
in a standardised manner.

 ► The body weight of every research participant was 
regularly and objectively measured by the National 
Health Screening Examination, using anthropomet-
ric parameters, avoiding measurement bias and 
false- positive findings.

AbStrACt
Objective To assess the secular trends in postpartum 
weight retention (PWR) over a decade with the population- 
based risk factors.
Design Retrospective cohort study.
Setting A national health screening examination data 
provided by the National Health Insurance Service in South 
Korea.
Participants 130 551 women who delivered babies 
between 1 January 2003 and 31 December 2012 and who 
underwent a national health screening examination 1 to 
2 years prior to delivery and within 1 year after delivery.
Methods Their PWR were determined during the study 
period of 2003–2012. We fitted logistic regression 
and linear mixed models to assess the independent 
contribution of PWR to obesity after adjusting for potential 
confounders.
Primary and secondary outcome 
measures Prepregnancy and postpartum weight and 
body mass index (BMI).
results The adjusted PWR increased from mean value 
of 2.02 kg in 2003 (95% CI 1.88 to 2.15) to 2.79 kg in 
2012 (95% CI 2.73 to 2.84) (p value for trend <0.01), 
after adjusting potential confounders including age, 
prepregnancy time, postpartum time, prepregnancy BMI, 
income and smoking status. The risk for a PWR of more 
than 5 kg also increased over the study period.
Conclusions Secular increases in PWR have been 
significantly observed between 2003 and 2012 for 
childbearing women. It is necessary to identify risk factors 
contributing to the observed increase and develop effective 
strategies to address the heightened risk for PWR.

IntrODuCtIOn
The worldwide incidence of obesity has risen 
significantly in recent decades,1 and obesity 
has become a major concern in all popula-
tions, including among women of reproduc-
tive age.2 Pregnancy itself has been suggested 
to contribute to the development of obesity 
through subsequent long- term weight reten-
tion3–6; 10%–15% of pregnant women may 
retain weight gained during pregnancy and 

eventually become obese.5 The concept of 
postpartum weight retention (PWR) provides 
a vital account of women’s health and obesity.

PWR is defined as the difference between 
prepregnancy weight and weight at some time 
after delivery. Previous studies have identified 
the average PWR value ranging from 1 kg to 
20 kg worldwide.4 7 8 The large span of this 
range may be attributable to differing study 
designs, ethnic populations and definitions 
of PWR. However, pregnant women who have 
high prepregnancy weights and excessive 
gestational weight gain (GWG) are consis-
tently identified as having a high risk for 
PWR.3 4 7 9 A number of other risk factors have 
been reported, including smoking status, 
breast feeding, dietary intake, lack of phys-
ical activity, maternal income, age, education 
and parity.8 10–15 Thus, the large discrepan-
cies in PWR between studies may also result 
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from differences in the distributions of these risk factors 
among study populations.

Recent studies have documented changes in the prev-
alence of known risk factors for PWR. The prevalence of 
prepregnancy obesity has increased by an average of 0.5% 
per year from 2003 to 2009,16 and the worldwide smoking 
population has also increased steadily.17 Moreover, from 
2000 to 2009, the percentage of pregnant women whose 
weight gains are in line with Institute of Medicine recom-
mendations decreased slightly, while the mean GWG 
increased slightly.18 Additionally, the breastfeeding initi-
ation rate has increased significantly, partially due to 
the increased awareness of pregnancy and parenting 
education recently, which is known to benefit mothers 
by lowering the risk of obesity.19 20 However, it is unclear 
whether these changes in risk factors in fact influence 
trends in PWR.

In this study, we analysed a large longitudinal cohort 
of 130 551 female individuals through the Republic 
of Korea’s national health records to determine PWR 
changes from 2003 to 2012. The aim of this study was to 
investigate secular trends in PWR and their contributing 
risk factors, providing essential evidence for the design of 
targeted interventions to prevent excessive PWR.

MethODS
Study population and data
The Korean National Health Insurance Service (NHIS) 
provides mandatory health insurance for all South 
Koreans, approximately 50 million individuals. All insur-
ance subscribers and dependents are invited to partici-
pate in the National Health Screening Examination 
(NHSE), which consists of two components, a health 
interview survey and a physical examination. The medical 
institutions for conducting NHSE are required to fully 
comply with the Framework Act on Health Examinations, 
which meet national standards of manpower, medical 
facilities and equipment. The NHSE is generally taken at 
least once every 2 years for all Korean citizens, and the 
participation rate of NHSE was 74.8% out of the entire 
Korean population in 2014.21

Being built by the single insurer, NHIS, the Korean 
National Health Insurance (KNHI) claims that database is 
a centralised data repository containing nearly all claims 
of medical services provided from Korean healthcare 
providers, with the exception of procedures not covered 
by health insurance, such as cosmetic surgery. We selected 
study participants through merging the KNHI claims with 
the NHSE database.

Using the KNHI claims database, we identified all 
women who had delivered babies between 1 January 2003 
and 31 December 2012. Of these, only women who had 
undergone an NHSE 1 to 2 years prior to delivery for the 
evaluation of prepregnancy characteristics and again 
within 1 year after delivery for the assessment of their 
postpartum characteristics were included in analyses.

Determination of prepregnancy and postpartum 
characteristics
We obtained prepregnancy and postpartum characteris-
tics of the participants from the KNHI claims and NHSE 
databases, and data on smoking status from the health 
interview component of the NHSE. We categorised 
participants into current smokers, past smokers and non- 
smokers and their health examination included prepreg-
nancy weight and body mass index (BMI).

PWR was determined from health examination data by 
subtracting weight at the prepregnancy visit from weight 
at the postpartum visit. We defined two time intervals, 
prepregnancy time and postpartum time, as the time from 
prepregnancy examination to delivery and the time from 
first delivery to postpartum examination, respectively.

As the health insurance premiums in the KNHI claims 
database reflect employee salaries, these premiums were 
used as a proxy for income level. Prepregnancy insurance 
premiums were categorised into five quintiles, with Q1 
being the lowest income level and Q5 being the highest.

Statistical analyses
Continuous variables are expressed as means±SD, and 
categorical variables as percentages. We compared clin-
ical and demographic characteristics among groups using 
analysis of variance (ANOVA) for continuous variables 
and the χ2 test for categorical variables. Then, we deter-
mined secular trends in continuous and categorical vari-
ables and compared them across years using the ANOVA 
polynomial regression test and the χ2 Cochran- Armitage 
test, respectively. We estimated adjusted PWRs and trends 
over time using analysis of covariance (ANCOVA) with 
adjustment for covariates including age, prepregnancy 
BMI, smoking status, insurance premiums, prepregnancy 
time and postpartum time. The covariates were selected 
based on the previous literature and the information 
availability within our dataset. To estimate the adjusted 
OR and 95% CI for having a PWR of more than 5 kg,22 
we used multivariate logistic regression analysis. We did 
not consider general weight trends in the population as 
covariates since no statistically significant weight trends 
have been confirmed in general Korean population for 
2003–2012.23

Notably, timing- related variation may not be properly 
reflected in ANOVA or ANCOVA methods. It should be 
noted that data collection occurred at different time-
points for each individual, although the total range of 
measurement times was not more than 1 year. In order 
to adjust for discrepancies in measurement periods and 
other potential confounders, we used a linear mixed- 
effects model (LMM) that incorporated year at delivery 
and period of weight measurement (centred on birth 
as 0) as their main covariate effects. LMMs24 are an 
extension of linear models that are particularly useful 
in settings where repeated measurements are made on 
the same subject, such as longitudinal studies, or where 
measurements are made on clusters of related statistical 
units. The core concept of LMM is that it incorporates 
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both fixed effects (a set of conventional covariates) and 
random effects to allow for potential correlation within 
each individual. Our LMMs also included as fixed effects 
participant age at birth, BMI prior to giving birth, income 
level and smoking status. Effect modification was evalu-
ated by adding a single random effect for the weight level 
specific to each individual.

All tests were two sided, and we considered a p value 
<0.05 statistically significant. We then performed statis-
tical analyses through SPSS (V.17 edition) and R environ-
ment (V.3.4.4) with the lme4 library.25

Patient and public involvement
Patients or the public were not involved in the design, or 
conduct, or reporting, or dissemination of our research.

reSultS
The final cohort comprised a total of 130 551 partici-
pants with data collected between 2003 and 2012. Table 1 
summarises their basic characteristics according to the 
year of delivery. Age at delivery, prepregnancy weight, 
postpartum weight and rate of prepregnancy obesity all 
tended to increase over time. In particular, the 2003 mean 
prepregnancy and postpartum weights of 52.05±6.19 (kg) 
and 53.92±6.90 (kg), respectively, increased to 53.58±7.15 
(kg) and 56.41±8.19 (kg) in 2012. Distributions of income 
levels and smoking status also differed and increased over 
time.

Table 2 shows PWR, determined by subtracting the 
prepregnancy weight from the postpartum weight for 
each year, according to the year of delivery. The PWR 
increased significantly from 1.88 kg in 2003 to 2.83 kg in 
2012 (p value for trend <0.01).

Since PWR may be affected by potential risk factors, we 
also computed the adjusted PWR using multivariate linear 
regression to adjust for all characteristics from table 1: 
age, prepregnancy time, postpartum time, prepregnancy 
BMI, income and smoking status. The adjusted PWR also 
increased from 2.02 kg in 2003 to 2.79 kg in 2012 (p value 
for trend <0.01), with a marginal ratio of 1.38.

Table 3 shows the number of women who changed BMI 
category between prepregnancy and postpregnancy time-
points. 16.5% (18 826 out of 114 322 women) of normal 
weight women shifted BMI category to either overweight 
or obese, and 45.7% (4675 out of 10 237 women) of over-
weight women shifted BMI category to obese after preg-
nancy. 85.5% of women with obesity stayed at the same 
BMI category of obese after pregnancy.

We applied multivariate logistic regression analysis to 
evaluate the contributions of risk factors to having a PWR 
of more than 5 kg. Potential confounders were adjusted 
for both individually and collectively, producing crude and 
adjusted ORs (table 4). Overall, the risk of PWR greater 
than 5 kg was higher in 2012 than in 2003 (adjusted OR, 
1.440; 95% CI 1.296 to 1.604). This increased risk was 
associated with prepregnancy BMI, lowest incomes and 

past and current smoking status. In contrast, age and 
high income were associated with decreased risk.

After we adjusted for variation in collection times, the 
average weight of participants in the reference group 
(those who are  ≤ 30 years, in the middle income quin-
tile, delivered in 2003, and non- smokers) was 53.2 kg 
(95% CI 53.0 to 53.6; table 5). Weight tended to increase 
with age and decrease with rising income level; it was also 
positively associated with past or current smoking status. 
Most importantly, weight consistently increased across the 
study period. For example, women who delivered in 2012 
gained an average of 2.23 kg (95% CI 1.93 to 2.52) more 
than those who delivered in 2003. More abstractly, if the 
interval between collection of prepregnancy and post-
partum weights was 1 year, participants gained an average 
of 1.28 kg (95% CI 1.27 to 1.29).

DISCuSSIOn
Main findings
In this study, we evaluated the secular trends in PWR 
among 130 551 Korean women who gave birth between 
2003 and 2012, using nationwide health insurance 
data. The results of this investigation showed a signif-
icant increase in PWR over the studied decade, even 
after adjusting for several confounding factors. We also 
observed that the risks of PWR greater than 5 kg signifi-
cantly increased over the study period.

Our study also assessed risk factors that were specific 
to PWR greater than 5 kg and found that high prepreg-
nancy BMI and smoking status were associated with an 
increased risk of PWR greater than 5 kg. These results are 
consistent with the findings of other studies.26 We also 
found that compared with the middle- income group, the 
lowest income group had a slightly increased risk of PWR 
greater than 5 kg whereas the highest income group had 
a slightly decreased risk; this finding is also consistent 
with the results from other studies.15 22 26 27 Although the 
exact reasons for the association between high PWR and 
income remains unknown, a more detailed investigation 
may provide useful information for reducing PWR.

Strengths
The current study is the first to evaluate secular trends 
for PWR within an ethnically homogenous population. 
The greatest strength of our study is that it was a large- 
scale, long- term follow- up study with a duration of 10 
years that was conducted on participants with a singular 
ethnic origin. In addition, we used objective anthropo-
metric parameters that were regularly measured by the 
NHSE, avoiding the possibility that participants may have 
underestimated their weights, which is inherent to self- 
reporting methods.28

The centralised clinical database of health examination 
records offered an effective way to investigate population- 
based trends with reliability, validity and standardisation. 
To our knowledge, there are currently no equivalent 
population- based studies that examine PWR trends; 



4 Joo YY, et al. BMJ Open 2020;10:e034054. doi:10.1136/bmjopen-2019-034054

Open access 

Ta
b

le
 1

 
P

re
p

re
gn

an
cy

 a
nd

 p
os

tp
ar

tu
m

 c
ha

ra
ct

er
is

tic
s 

of
 p

ar
tic

ip
an

ts
 b

y 
ye

ar
 o

f d
el

iv
er

y 
fr

om
 2

00
3 

to
 2

01
2

20
03

 
(n

=
26

48
)

20
04

 
(n

=
71

25
)

20
05

 
(n

=
10

 9
75

)
20

06
 

(n
=

13
 1

44
)

20
07

 
(n

=
13

 4
26

)
20

08
 

(n
=

16
 6

88
)

20
09

 
(n

=
14

 3
03

)
20

10
 

(n
=

18
 3

01
)

20
11

 
(n

=
15

 8
74

)
20

12
 

(n
=

18
 0

67
)

P
 v

al
ue

P
 v

al
ue

(f
o

r 
tr

en
d

s)

A
ge

 (y
ea

rs
)

28
.4

4±
2.

51
28

.8
1±

2.
57

29
.1

8±
2.

87
29

.5
4±

2.
91

29
.5

1±
2.

94
29

.9
2±

2.
98

30
.0

2±
3.

06
30

.4
9±

3.
09

30
.6

4±
3.

17
31

.0
4±

3.
22

<
0.

01
<

0.
01

P
re

p
re

gn
an

cy
 w

ei
gh

t 
(k

g)
52

.0
5±

6.
19

52
.1

4±
6.

18
52

.5
8±

6.
53

52
.6

7±
6.

55
53

.8
5±

6.
60

52
.9

4±
6.

62
53

.1
0±

6.
75

53
.3

0±
6.

96
53

.5
6±

7.
05

53
.5

8±
7.

15
<

0.
01

<
0.

01

P
os

tp
ar

tu
m

 w
ei

gh
t 

(k
g)

53
.9

2±
6.

90
54

.7
1±

6.
92

55
.1

7±
7.

36
55

.3
3±

7.
41

55
.4

5±
7.

57
55

.7
9±

7.
76

55
.7

7±
7.

77
55

.9
5±

8.
01

56
.3

6±
8.

12
56

.4
1±

8.
19

<
0.

01
<

0.
01

P
re

p
re

gn
an

cy
 B

M
I 

(k
g/

m
2 )

20
.1

4±
2.

17
20

.1
2±

2.
13

20
.3

8±
2.

34
20

.3
7±

2.
31

20
.3

7±
2.

32
20

.4
2±

2.
33

20
.4

5±
2.

37
20

.5
1±

2.
41

20
.5

7±
2.

51
20

.5
7±

2.
51

<
0.

01
<

0.
01

P
os

tp
ar

tu
m

 B
M

I (
kg

/
m

2)
20

.8
8±

2.
47

21
.1

5±
2.

45
21

.4
2±

2.
68

21
.4

4±
2.

67
21

.4
2±

2.
71

21
.5

7±
2.

80
21

.5
3±

2.
81

21
.5

9±
2.

85
21

.7
0±

2.
94

21
.7

2±
2.

93
<

0.
01

<
0.

01

P
re

p
re

gn
an

cy
 

O
b

es
ity

 (B
M

I >
25

 k
g/

m
2 )

2.
5

2.
5

4.
3

3.
8

4
4.

5
4.

7
4.

8
5.

7
5.

5
<

0.
01

<
0.

01

P
os

tp
re

gn
an

cy
 

O
b

es
ity

 (B
M

I>
25

 k
g/

m
2 )

6.
6

7.
4

9.
4

9.
7

9.
6

11
.6

10
.8

11
.5

12
.4

12
.7

<
0.

01
<

0.
01

In
co

m
es

 (%
)

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

<
0.

01
<

0.
01

Lo
w

es
t 

Q
ui

nt
ile

29
.5

20
16

.4
15

6.
2

6.
4

6
6

6.
8

5.
1

S
ec

on
d

 Q
ui

nt
ile

10
.4

14
14

.7
13

.3
18

.3
12

.3
12

.8
12

.3
13

.2
10

.5

M
id

d
le

 Q
ui

nt
ile

25
.7

30
.1

28
.4

32
.2

31
.5

32
.3

35
.3

32
.3

33
.6

30
.3

Fo
ur

th
 Q

ui
nt

ile
24

.6
28

.5
30

.6
31

.6
37

.1
41

.2
37

.1
40

.3
34

.8
42

.5

H
ig

he
st

 Q
ui

nt
ile

9.
7

7.
4

9.
9

8
6.

9
7.

8
8.

7
9

11
.6

11
.6

S
m

ok
in

g 
st

at
us

 (%
)

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

<
0.

01
<

0.
01

N
on

- s
m

ok
er

97
.9

97
.4

96
.6

96
.7

96
.4

96
.8

95
.8

95
.8

94
.4

94
.9

P
as

t 
sm

ok
er

1.
4

1.
6

2.
1

2
2.

1
1.

6
2.

2
2.

2
2.

9
2.

7

C
ur

re
nt

 s
m

ok
er

0.
7

1.
1

1.
4

1.
3

1.
5

1.
6

2
2.

1
2.

7
2.

4

*D
at

a 
ar

e 
p

re
se

nt
ed

 a
s 

m
ea

n±
S

D
 o

r 
as

 p
er

ce
nt

ag
e.



5Joo YY, et al. BMJ Open 2020;10:e034054. doi:10.1136/bmjopen-2019-034054

Open access

Table 2 Secular trends in postpartum weight retention 
(PWR) according to year of delivery

PWR Adjusted PWR*

2003 1.88±3.49 (1.75 to 2.01) 2.02 (1.88 to 2.15)

2004 2.57±3.67 (2.48 to 2.65) 2.28 (2.20 to 2.37)

2005 2.60±3.79 (2.52 to 2.66) 2.41 (2.35 to 2.48)

2006 2.66±3.78 (2.59 to 2.72) 2.45 (2.39 to 2.51)

2007 2.60±3.88 (2.54 to 2.67) 2.50 (2.44 to 2.56)

2008 2.85±3.98 (2.79 to 2.91) 2.70 (2.65 to 2.75)

2009 2.67±4.00 (2.61 to 2.74) 2.57 (2.51 to 2.62)

2010 2.65±4.01 (2.59 to 2.71) 2.57 (2.51 to 2.61)

2011 2.80±4.15 (2.73 to 2.86) 2.75 (2.70 to 2.80)

2012 2.83±4.18 (2.77 to 2.89) 2.79 (2.73 to 2.84)

P value for 
trends

<0.01 <0.01

PWR, postpartum weight retention.
*Adjusted for age, prepregnancy time, postpartum time, 
prepregnancy body mass index, income and smoking status. 
Data are presented as mean±SD in the left column and mean 
value in the right column (95% CI). This regression analysis is 
performed each year separately.

Table 3 The number of participants who changed body 
mass index (BMI) category between prepregnancy and 
postpregnancy timepoints

Prepregnancy BMI 
(N=1 30 541)

Postpregnancy BMI (N=130 517)

Normal Overweight Obese

  Normal 95 496 (73.2%) 14 446 (11.1%) 4380 (3.4%)

  Overweight 1575 (1.2%) 3987 (3.1%) 4675 (3.6%)

  Obese 184 (0.1%) 676 (0.5%) 5088 (3.9%)

*BMI was grouped into normal weight (<23.0 kg/m2), overweight (23.0–
24.9 kg/m2), obese (≥25.0 kg/m2) according to the WHO Western Pacific 
Region guideline.

thus, comparisons with other ethnic populations or over 
different time periods are difficult to make. Variations in 
study features such as the timing of body weight measure-
ments relative to delivery and the biological races of 
participants should be noted for comparisons with future 
PWR research.

limitations
Due to cohort constraints, our study population was 
limited to the Korean population and cannot provide 
a comprehensive review of the global trends in PWR. 
Our results must therefore be interpreted with caution. 
Compared with Western European women, significantly 
more South Asian, Middle Eastern and African women 
have high PWRs.29 Moreover, Korean women tend to have 
higher GWG and PWR than women in other Asian coun-
tries.30 Therefore, further research is necessary to deter-
mine whether our results can be applied to other ethnic 
groups.

Other limitations of our study include the timing of 
prepregnancy and postpartum weight measurements, 
which differed among individual participants and across 
study periods, and may have affected the observed trends 
in PWR. We used logistic regression and LMMs to adjust 
for these differences in measurement times, as well as for 
other risk factors. Notably, LMMs directly account for the 
different timing of prepregnancy and postpartum weight 
measurements and also provide easy- to- read outputs. 
Both models confirmed the increasing trend in PWR 
across the study period.

Also, some information of potential risk factors were 
not fully available in the study dataset, thus could not 
be reflected in the analysis. For instance, parity, educa-
tion level, physical activity, breastfeeding status or diet 
could be important confounders to consider for the PWR 
trends, but could not be tested in our analysis due to the 
limited availability of the information. The sequence 
information of each pregnancy was limited as well. The 
women who had multiple pregnancies during the study 
period were included in the analysis regardless of their 
pregnancy frequencies. If additional records of potential 
confounders become available, it is necessary to study the 
different trends of PWR based on the new information.

Additionally, we acknowledge that the large number 
of cohort participants may derive potentially biased 
discovery with overwhelmingly increased statistical power. 
However, we believe that this population- based approach 
is a powerful and inevitable tool for determining the 
patterns and trends on the large- scale cohorts and its 
statistically significant findings have its own informative 
value.

Interpretation
The exact causes underlying the observed increase in 
PWR are not thoroughly understood and identifying 
these causes will be important to facilitate the moni-
toring of weight gain by clinicians and to design effective 
weight management plans prior to conception, during 
pregnancy and postnatally for childbearing women. For 
instance, the prepregnancy BMIs and the smoking prev-
alence among women also showed a steady rise during 
the study period, suggesting that the temporal changes in 
these risk factors may have contributed to the observed 
increases in PWR. However, we confirmed that the 
increasing trend in PWR persisted after adjusting for both 
BMI and current smoking status, indicating that the trend 
may be either independent of or not fully explained by 
these risk factors. Further work is necessary to explore 
other environmental or social risk factors that were not 
examined in this study. One such factor is GWG, an 
important determinant for PWR.4 7 Between 2000 and 
2009, the mean GWG among American women increased 
slightly,18 which may have contributed to the observed 
rise in PWR. Our study could not investigate the direct 
influence of GWG because the NHSE test did not explic-
itly measure maternal weight at delivery. It is not yet clear 
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Table 4 Logistic regression analyses of the risk factors for a postpartum weight retention of more than 5 kg

Crude OR (95% CI) Adjusted OR* (95% CI)

Age (years) 0.984 (0.980 to 0.988) 0.976 (0.972 to 0.980)

Pre- pregnancy time (month) 1.072 (1.069 to 1.077) 1.022 (1.018 to 1.027)

Post- partum time (month) 0.888 (0.884 to 0.891) 0.899 (0.895 to 0.904)

Pre- pregnancy BMI 1.052 (1.047 to 1.057) 1.053 (1.048 to 1.059)

Income

  Lowest quintile 0.886 (0.846 to 0.927) 0.930 (0.886 to 0.975)

  Second quintile 1.036 (0.997 to 1.078) 1.018 (0.978 to 1.059)

  Middle quintile 1 1

  Fourth quintile 0.932 (0.905 to 0.959) 0.956 (0.928 to 0.985)

  Highest quintile 0.819 (0.782 to 0.858) 0.882 (0.840 to 0.925)

Year of delivery

  2003 1 1

  2004 1.481 (1.327 to 1.655) 1.103 (0.985 to 1.238)

  2005 1.539 (1.386 to 1.712) 1.231 (1.104 to 1.374)

  2006 1.582 (1.427 to 1.757) 1.213 (1.089 to 1.353)

  2007 1.558 (1.405 to 1.730) 1.246 (1.120 to 1.390)

  2008 1.783 (1.611 to 1.977) 1.379 (1.240 to 1.535)

  2009 1.663 (1.501 to 1.846) 1.329 (1.194 to 1.481)

  2010 1.635 (1.478 to 1.813) 1.261 (1.135 to 1.404)

  2011 1.749 (1.580 to 1.940) 1.383 (1.243 to 1.540)

  2012 1.827 (1.651 to 2.025) 1.440 (1.296 to 1.604)

Smoking status

  Non- smoker 1 1

  Past smoker 1.518 (1.410 to 1.634) 1.439 (1.334 to 1.551)

  Current smoker 1.406 (1.224 to 1.613) 1.414 (1.227 to 1.626)

*Adjusted for variables in table 1 by multivariate logistic regression.

whether the secular rise in PWR is partially influenced by 
GWG or any associations between them.

Additional sensitivity analysis has been performed to 
verify the contribution of time since birth as a crucial 
determinant for the PWR trends. We ran the same statis-
tical analyses after excluding women within 6 months 
of birth (online supplementary table 1, 2). The result 
confirms the consistent pattern of weight gain after birth 
without women with recent birth, similar to our main 
findings. The findings comprehensively indicate the 
universal tendency of PWR increase over time, encom-
passing the broad ranges of time after birth from the 
study participants.

Other confounders that may influence PWR include 
the rates of breast feeding, changes in calorie intake, 
nurturing behaviours during pregnancy and exercise 
pattern.8 10 13 14 Recent prospective studies of the general 
Korean population reported that the breastfeeding rates 
in Korea have risen,19 and the overall total calorie intake 
has decreased by approximately 13% from 1998 to 2010, 
while the number of people who exercise regularly has 
increased twofold over the same period.26 Therefore, 

further research should be performed to identify temporal 
variations among the other risk factors in population 
settings that were not covered in our dataset and to inves-
tigate how such changes may affect trends in PWR.

COnCluSIOn
This is the first population- based study to present an 
increasing trend in PWR during the time period from 
2003 to 2012, with an accompanying rise in the risks 
of experiencing a PWR greater than 5 kg. Although 
we cannot ensure causality, several population- based 
confounding factors were suggested and incorporated 
into this analysis. Future systematic investigation are 
necessary to identify other practical implications under-
lying this trend. As obesity in pregnancy can have signif-
icant health implications for both mothers and babies, 
our study highlights the need to provide appropriate and 
effective weight management plans for women to reduce 
maternal/neonatal morbidity and pregnancy compli-
cations associated with increased weight. Promoting 
the healthy management of BMI and PWR may reduce 

https://dx.doi.org/10.1136/bmjopen-2019-034054
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Table 5 Results of linear mixed- effect model for the secular trends in postpartum weight retention

Estimates SE 95% CI (lower) 95% CI (upper)

Intercept 54.174 0.08 54.017 54.33

Age  

  Less than 30 years 0 (Ref)

  30–40 years −0.464 0.023 −0.509 −0.419

  Over 40 years −2.057 0.143 −2.337 −1.777

Time* 1.262 0.005 1.251 1.272

Prepregnancy BMI 5.859 0.011 5.837 5.88

Income  

  Lowest quintile −0.234 0.042 −0.316 −0.153

  Second quintile −0.203 0.036 −0.273 −0.133

  Middle quintile 0 (Ref)

  Fourth quintile 0.112 0.026 0.061 0.164

  Highest quintile 0.277 0.041 0.196 0.357

Year of delivery  

  2003 0 (Ref)

  2004 0.738 0.091 0.561 0.916

  2005 0.486 0.086 0.317 0.655

  2006 0.74 0.085 0.573 0.906

  2007 0.804 0.085 0.637 0.97

  2008 0.951 0.084 0.787 1.115

  2009 0.902 0.085 0.736 1.068

  2010 1.028 0.083 0.865 1.192

  2011 1.187 0.084 1.022 1.352

  2012 1.271 0.084 1.107 1.435

Smoking status  

  Non- smoker 0 (Ref)

  Past smoker 0.868 0.071 0.73 1.006

  Current smoker 0.618 0.131 0.362 0.875

*Time differences between prepregnancy and postpartum screening.

the population burden of pregnancy complications or 
maternal obesity and ultimately improve women’s health 
through appropriate monitoring and intervention strate-
gies to mitigate the continuous rise in PWR.
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