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ABSTRACT
Objective We aimed to investigate the association 
between weight retention at 6 weeks postpartum after the 
first pregnancy and large- for- gestational age (LGA) risk in 
a subsequent pregnancy.
Study design A retrospective cohort study.
Setting A tertiary hospital of China.
Participants 5950 Chinese singleton pregnancies that 
delivered their second singletons between 28 and 42 
weeks of gestation.
Outcomes measures We calculated the weight retention 
at 6 weeks postpartum after the first pregnancy (the body 
mass index (BMI) at 6 weeks after the first birth minus the 
prepregnant BMI of the first pregnancy) and the gestational 
weight gain in the second pregnancy. We used the logistic 
regression to obtain adjusted OR. We determined the 
relationship between maternal BMI change at 6 weeks 
after the first pregnancy and LGA risk in the second 
pregnancy.
Results Relative to other categories of BMI change 
at 6 weeks postpartum, women who gained ≥3 kg/m2 
compared with the prepregnancy BMI were at increased 
LGA risk. The stratified analysis showed that LGA risk was 
increased in the second pregnancy in underweight and 
normal weight women who gained ≥3 kg/m2 when using 
remain stable women as the reference group (OR=3.35, 
95% CI 1.11 to 10.12 for underweight women; OR=2.23, 
95% CI 1.43 to 3.45 for normal weight women) at 6 weeks 
postpartum. For the women who gained ≥3 kg/m2 at 6 
weeks postpartum, LGA risk was increased in normal 
weight women with an adequate (OR=3.21, 95% CI 1.10 
to 9.33) and excessive (OR=2.62, 95% CI 1.02 to 6.76) 
gestational weight in the second pregnancy when using 
obese women as the reference.
Conclusion Postpartum weight retention at 6 weeks after 
the first pregnancy provides us a new early window to 
identify LGA risk in a subsequent pregnancy and allows us 
to implement primary preventative strategies.

INTRODUCTION
The incidence of maternal obesity is gradu-
ally increasing over time. During women’s life 
course, pregnancy is a critical intervention 
point for obesity development.1 Compared 

with the women who have not been preg-
nant, the women are three times more likely 
to develop obesity within 5 years following 
delivery.2 This may increase the risk of adverse 
outcome during subsequent pregnancies 
due to the risk of being obese is increased.3 4 
Maternal overweight and obesity are related 
to the risk of long- term health problems 
in the child including obesity, cardiovas-
cular disease, diabetes and cognitive and 
behavioural disorders.5 Encouraging women 
to achieve the appropriate gestational weight 
gain and lose weight postpartum is crucial 
to reduce the risk of developing obesity and 
improving maternal and fetal health over the 
life span.6 Besides gestational weight gain, 
postpartum weight retention (PPWR) is also 
affected by the duration of breastfeeding, 
food intake and the frequency of physical 
exercise.7

Strengths and limitations of this study

 ► This is the first study to assess the relationship 
between weight retention at 6 weeks postpartum 
after the first pregnancy and the risk of large- for- 
gestational age birth in a second pregnancy.

 ► Prepregnant body mass index before the first preg-
nancy and gestational weight gain during the second 
pregnancy were also considered when assess the 
relationship between weight retention at 6 weeks 
postpartum and the risk of large- for- gestational age 
birth in a second pregnancy.

 ► As a single- centre, retrospective cohort study, the 
universality of the result may be limited. It should 
be replicated at other centres and in other patient 
populations.

 ► Income, physical activity and breastfeeding duration 
were not analysed, which was the limitation of this 
study.
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As a marker of the intrauterine environment, birth 
weight is a related to subsequent health and disease, such 
as obesity and cardiovascular disease.8 The incidence of 
large- for- gestational age (LGA) birth, defined as >90th 
percentile weight for gestational age, has increased over 
time in high- income countries,9 10 and it is associated with 
both childhood11 12 and adult obesity.13–15

On average, birth weight increases with parity. The 
physiological conditions associated with nulliparity may 
induce the lower birthweights in first- born infants.16 It 
has been hypothesised that the first pregnancy primes 
the body and the body is more efficient with each subse-
quent pregnancy.17 18 Many other environmental and 
maternal factors which affect birth weight also vary across 
the reproductive lifespan of women. Maternal prepreg-
nancy weight or weight gain during pregnancy19 20 is one 
of them. Changes in maternal body mass index (BMI) 
between pregnancies could modify the risk of LGA 
birth in the subsequent pregnancy. Some studies have 
reported that weight changes across two pregnancies are 
associated with LGA in the next pregnancy.20 21 However, 
it is too late to reduce the risk for LGA when the women 
attain a second pregnancy with a BMI of overweight 
or obese. Therefore, we should identify the high- risk 
women early and implement appropriate managements 
for prevention.

In our previous study, we have demonstrated that 
PPWR at 6 weeks after the first pregnancy was associated 
with an increased risk of higher BMI in a subsequent 
pregnancy.22 In the present study, we aimed to estimate 
whether PPWR at 6 weeks after the first pregnancy could 
be the predictor of LGA risk in the subsequent pregnancy. 
We also use stratified analyses by category of prepregnant 
BMI before the first pregnancy and gestational weight 
gain in the second pregnancy to obtain a more carefully 
designed intervention to reduce the risk of LGA in the 
future pregnancy.

METHODS
The study is a retrospective cohort study that was carried 
out between January 2012 and June 2019. This was 
conducted among Chinese women who gave birth to 
their second singletons between 28 and 42 weeks of gesta-
tion at the department of obstetrics of a tertiary hospital 
in the Northeast of China. Exclusion criteria included: 
(1) women who experienced LGA in the first pregnancy, 
which is a risk factor for LGA;23 (2) women who could 
not provide their prenatal records for their first and 
second births. All participants provided written informed 
consent. LGA was defined as >90th percentile, of sex- 
specific and gestational age- specific birth weight based on 
the International Fetal and Newborn Growth Consortium 
for the 21st Century (INTERGROWTH- 21st) standards.24 
We excluded women who experienced LGA in the first 
pregnancy to evaluate the first- time occurrence of LGA in 
the second pregnancy.

Data collection
Maternal weight in kilograms was routinely measured 
at the first antenatal visit of each pregnancy and it was 
recorded in the maternal prenatal record, which is 
usually taken place before 14 weeks of gestation (mean 
gestational age was 12.3 weeks, range from 10 weeks to 
14 weeks in the first pregnancy; mean gestational age was 
12.1 weeks, range from 10 weeks to 14 weeks in the second 
pregnancy). Maternal BMI measured at the first antenatal 
visit was used as the prepregnancy BMI. Maternal weight 
was recorded either during the last prenatal visit or before 
delivery. The weight at 6 weeks postpartum was also 
recorded in their records (mean days were 44 days, range 
from 40 days to 50 days after the first pregnancy; mean 
days were 46 days, range from 41 days to 50 days after the 
second pregnancy). BMI was calculated as weight (in kilo-
gram) divided by height (in metres) squared. The weight 
retention at 6 weeks postpartum after the first pregnancy 
was defined as the BMI at 6 weeks after the first birth 
minus the prepregnant BMI of the first pregnancy.

BMI at the start of each pregnancy was categorised 
as underweight (BMI<18.5 kg/m2), normal weight 
(18.5 kg/m2≤BMI<24.0 kg/m2), overweight (24.0 kg/
m2≤BMI<28.0 kg/m2) and obese (≥28.0 kg/m2), 
according to the 2016 China consensus statement on the 
management of overweight/obesity.25 The categorisa-
tion has been used in some relevant publications.26 27 We 
used Institute of Medicine guidelines to assess gestational 
weight gain in the second pregnancy because this is the 
most clinically relevant categorisation of weight gain and 
is simply classified as inadequate, adequate or excessive. 
Adequate weight gain was defined using gestational age- 
based guidelines rather than the total expected weight 
gain to account for the shorter time interval for weight 
gain in the event of preterm delivery.28 Adequate gesta-
tional weight gain was based on BMI class in the second 
and third trimesters as follows: underweight 1.0–1.3 
pound/week, normal weight 0.8–1.0 pound/week, over-
weight 0.5–0.7 pound/week and obese 0.4–0.6 pound/
week.

Interpregnancy interval was calculated as the number 
of complete months between the birth of the first child 
and the estimated date of conception of the second child. 
Birth weight was measured by professionals at birth as 
part of routine care.

Statistical analysis
First, the association between the change in BMI at 
6- week postpartum and LGA in the second pregnancy 
was explored. Then, analyses were stratified by prepreg-
nant BMI before the first pregnancy20 29 30 and gestational 
weight gain during the second pregnancy, respectively. 
At last, analyses were focused on the women who gained 
more than 3 BMI units to explore the high- risk people 
for LGA in the second pregnancy. Continuous variables 
were expressed as the mean±SD. Differences of contin-
uous parameters (maternal age, prepregnant BMI 
before the first pregnancy and interpregnancy interval) 
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among four groups (BMI changes as less than −1 to –1 
to less than 1, 1 to less than 3, and 3 or more BMI units, 
table 1) were analysed using the analysis of variance test. 
Univariable comparisons were carried out using the χ2 
test for categorical variables. Logistic regression was 
used to examine the association between the maternal 
BMI change at 6 weeks after the first pregnancy with 
the risk of LGA in the second pregnancy in tables 2 and 
3. Separate models for each category of prepregnant 
BMI before the first pregnancy (table 2) and gestational 
weight gain during the second pregnancy (table 3) were 
run. For the women who gained 3.0 kg/m2 or more, 

logistic regression was used to examine the association 
between the prepregnant BMI before the first pregnancy 
with the risk of LGA in the second pregnancy in table 4. 
Separate models for each category of gestational weight 
gain during the second pregnancy were run (table 4). 
When calculated the OR and 95% CIs, the regression 
was adjusted for maternal age, prepregnant BMI before 
the first pregnancy, gestational diabetes mellitus in the 
second pregnancy and interpregnancy interval. We 
used a stable BMI change (±1.0) at 6 weeks postpartum 
after the first pregnancy as a reference group in tables 2 
and 3, and the prepregnant BMI category obese before 

Table 1 Maternal and birth characteristics in the second live birth pregnancy categorised by maternal BMI change at 6 weeks 
after the first pregnancy (n=5950)

Maternal BMI change at 6 weeks after the first pregnancy

P valueLost 1.0 or more Remain stable (±1.0) Gained 1.0–2.9 Gained 3.0 or more

Number 21 209 3414 2306 –

Maternal age (years) 31.8±3.4 30.2±4.8 32.9±4.0 33.5±4.4 <0.001

Prepregnant BMI before the first 
pregnancy, kg/m2*

21.51±3.21 21.93±3.14 21.39±3.21 22.45±3.25 <0.001

Prepregnant BMI before the first 
pregnancy (n)*

<0.001

  Underweight (BMI <18.5) 2 (9.5%) 29 (13.9%) 557 (16.3%) 272 (11.8%)

  Normal weight (18.5≤BMI<24.0) 13 (61.9%) 147 (70.3%) 2401 (70.3%) 1589 (68.9%)

  Overweight (24.0≤BMI<28) 4 (19.0%) 28 (13.4%) 383 (11.2%) 359 (15.6%)

  Obese (BMI ≥28) 2 (9.5%) 5 (2.4%) 73 (2.1%) 86 (3.7%)

Prepregnant BMI before the 
second pregnancy (n)†

<0.001

  Underweight (BMI <18.5) 3 (14.3%) 20 (9.6%) 313 (9.2%) 159 (6.9%)

  Normal weight (18.5≤BMI<24.0) 12 (57.1%) 152 (72.7%) 1918 (56.2%) 724 (31.4%)

  Overweight (24.0≤BMI<28) 4 (19.0%) 30 (14.4%) 1044 (30.6%) 1272 (55.2%)

  Obese (BMI ≥28) 2 (9.5%) 7 (3.3%) 139 (4.1%) 151 (6.5%)

Interpregnancy interval (months) 48.3±19.3 48.6±28.5 43.3±26.1 44.0±28.2 0.036

Gestational weight gain during the 
second pregnancy (n)‡

<0.001

  Inadequate 3 (14.3%) 31 (14.8%) 444 (13.0%) 184 (8.0%)

  Adequate 9 (42.9%) 86 (41.1%) 1331 (39.0%) 830 (36.0%)

  Excessive 9 (42.9%) 92 (44.0%) 1639 (48.0%) 1292 (56.0%)

Gestational diabetes mellitus in 
the second pregnancy (n)§

<0.001

  Yes 4 (19.0%) 23 (11.0%) 410 (12.0%) 577 (25.0%)

  No 17 (81.0%) 186 (89.0%) 3004 (88.0%) 1729 (75.0%)

LGA (n)¶ <0.001

  Yes 4 (19.0%) 33 (15.8%) 547 (16.0%) 550 (24.0%)

  No 17 (81.0%) 176 (84.2%) 2867 (84.0%) 1751 (76.0%)

*Measured at the first antenatal visit of the first pregnancy, which is usually taken place before 14 weeks.
†Measured at the first antenatal visit of the second pregnancy, which is usually taken place before 14 weeks.
‡Measured at the time of delivery of the second pregnancy.
§Measured between 24 and 28 gestational weeks of the second pregnancy. Gestational diabetes mellitus was defined according to the 
International Association of Diabetes and Pregnancy Study Groups; a diagnosis of gestational diabetes mellitus was made when one or 
more of the test parameters equalled or exceeded the following cut points: fasting 5.1 mmol/L, 1 hour 10.0 mmol/L or 2 hours 8.5 mmol/L.
¶Measured at the birth of the second pregnancy.
BMI, body mass index; LGA, large- for- gestational age.



4 Liu J, et al. BMJ Open 2021;11:e049903. doi:10.1136/bmjopen-2021-049903

Open access 

the first pregnancy as a reference group in table 4. A 
two- tailed p<0.05 was used to define statistical signifi-
cance. Statistical analysis was performed using STATA 
V.16.0 software.

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

RESULTS
The study population of 5950 women consisted of 
21 women (0.4%) who lost 1 BMI units at 6 weeks post-
partum after the first pregnancy, 209 women (3.5%) who 
maintained their BMI at 6 weeks postpartum after the 
first pregnancy (gain or loss, 1 BMI units), 3414 women 
(57.4%) who gained 1–2.9 BMI units at 6 weeks post-
partum after the first pregnancy and 2306 women (38.8%) 
who gained more than 3 BMI units at 6 weeks postpartum 

after the first pregnancy. In the entire study population, 
the prevalence LGA of during a second pregnancy was 
19.1% (1134/5950). Compared with other categories of 
BMI change at 6 weeks postpartum after the first preg-
nancy, women who gained ≥3.0 kg/m2 were at increased 
risk of LGA births (table 1).

There was an increased risk of LGA birth in the second 
pregnancy in underweight and normal weight women 
who gained ≥3.0 kg/m2 when using remain stable women 
(BMI change <1.0) as the reference group (OR=3.35, 
95% CI 1.11 to 10.12 for underweight women; OR=2.23, 
95% CI 1.43 to 3.45 for normal weight women) at 6 weeks 
postpartum after the first pregnancy (table 2). No associ-
ation was observed between the risk of LGA in the second 
pregnancy and the weight change at 6 weeks postpartum 
after the first pregnancy in overweight/obese women 
(table 2).

The same study population was assessed stratified 
by gestational weight gain in the second pregnancy 

Table 2 Adjusted associations between the risk of LGA birth in the second pregnancy and maternal BMI change at 6 weeks 
after the first pregnancy stratified by category of prepregnant BMI before the first pregnancy (n=5950)

Maternal 
BMI 
change at 
6 weeks 
after 
the first 
pregnancy 
(kg/m2)

Prepregnant BMI before the first pregnancy

Underweight (n=860) Normal weight (n=4150) Overweight (n=774) Obese (n=166)

LGA/
total (n)

Unadjusted 
OR (95% CI)

Adjusted 
OR 
(95% CI)*

LGA/total 
(n)

Unadjusted 
OR (95% CI)

Adjusted 
OR 
(95% CI)*

LGA/
total (n)

Unadjusted 
OR (95% CI)

Adjusted 
OR 
(95% CI)*

LGA/
total 
(n)

Unadjusted 
OR (95% CI)

Adjusted OR 
(95% CI)*

Remain 
stable 
(<1.0)†

4/31 1.00 1.00 27/160 1.00 1.00 5/32 1.00 1.00 1/7 1.00 1.00

Gained 
1.0–2.9

90/557 1.30 (0.44 to 
3.81)

1.62 (0.54 
to 4.83)

381/2401 0.93 (0.61 to 
1.43)

1.14 (0.74 
to 1.77)

63/383 1.06 (0.39 to 
2.87)

1.02 (0.38 
to 2.79)

13/73 1.30 (0.14 to 
11.74)

1.40 (0.15 to 
12.94)

Gained 3.0 
or more

76/272 2.62 (0.89 to 
7.73)

3.35 (1.11 
to 10.12)

403/1589 1.67 (1.09 to 
2.57)

2.23 (1.43 
to 3.45)

61/359 1.11 (0.41 to 
2.98)

1.07 (0.39 
to 2.91)

10/86 0.79 (0.09 to 
7.25)

0.83 (0.09 to 
7.79)

Estimates with p<0.05 are marked in bold. Separate models for each category of prepregnant BMI before the first pregnancy were run.
*Regression analysis was adjusted for maternal age, prepregnant BMI before the first pregnancy, gestational weight gain during the second pregnancy, gestational diabetes mellitus in 
the second pregnancy and interpregnancy interval.
†Since the group of ‘lost 1.0 or more’ is too small, we merged this group to the ‘remained stable’ group.
BMI, body mass index; LGA, large- for- gestational age.;

Table 3 Adjusted associations between the risk of LGA birth in the second pregnancy and maternal BMI change at 6 weeks 
after the first pregnancy stratified by gestational weight gain during the second pregnancy (n=5950)

Maternal 
BMI change 
at 6 weeks 
after 
the first 
pregnancy 
(kg/m2)

Gestational weight gain during the second pregnancy

Inadequate (n=662) Adequate (n=2256) Excessive (n=3032)

LGA/total 
(n)

Unadjusted OR 
(95% CI)

Adjusted OR 
(95% CI)* LGA/total (n)

Unadjusted 
OR (95% CI)

Adjusted OR 
(95% CI)* LGA/total (n)

Unadjusted 
OR (95% CI)

Adjusted OR 
(95% CI)*

Remain 
stable 
(<1.0)†

2/34 1.00 1.00 19/95 1.00 1.00 16/101 1.00 1.00

Gained 
1.0–2.9

71/444 3.05 (0.71 to 
13.00)

3.89 (0.89 to 
16.98)

201/1331 0.71 (0.42 to 
1.20)

0.78 (0.46 to 
1.32)

275/1639 1.07 (0.62 to 
1.86)

1.32 (0.76 to 
2.32)

Gained 3.0 
or more

15/184 1.42 (0.31 to 
6.51)

2.01 (0.43 to 
9.47)

230/830 1.53 (0.91 to 
2.59)

1.72 (1.01 to 
2.93)

305/1292 1.64 (0.95 to 
2.84)

2.14 (1.22 to 
3.75)

Estimates with p<0.05 are marked in bold. Separate models for each category of gestational weight gain during the second pregnancy were run.
*Regression analysis was adjusted for maternal age, prepregnant BMI before the first pregnancy, gestational diabetes mellitus in the second pregnancy, and interpregnancy interval.
†Since the group of ‘lost 1.0 or more’ is too small, we merged this group to the ‘remained stable’ group.
BMI, body mass index; ; LGA, large- for- gestational age.
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in table 3. The risk of LGA birth was increased in the 
second pregnancy in women who gained ≥3 kg/m2 at 6 
weeks postpartum after the first pregnancy and with an 
adequate or excessive weight gain when using remain 
stable women (BMI change <1.0) as the reference group 
(OR=1.72, 95% CI 1.01 to 2.93 for adequate women; 
OR=2.14, 95% CI 1.22 to 3.75 for excessive women).

For the women who gained ≥3 kg/m2 at 6 weeks post-
partum after the first pregnancy, the risk of LGA birth 
was increased in normal weight women with an adequate 
(OR=3.21, 95% CI 1.10 to 9.33) and excessive (OR=2.62, 
95% CI 1.02 to 6.76) gestational weight in the second 
pregnancy when using obese women as the reference 
group (table 4). The risk of LGA birth was also increased 
in underweight women with excessive (OR=3.18, 95% CI 
1.17 to 8.66) gestational weight in the second pregnancy 
(table 4).

DISCUSSION
In the present study, we found that the proportion of 
LGA births was higher in women who gained more 
than 3 BMI units at 6 weeks postpartum (550/2306, 
24.1%) compared with women who remained weight 
stable (33/209, 15.8%) (table 1). Both underweight and 
normal weight women who gained ≥3 kg/m2 at 6 weeks 
postpartum had an increased risk of LGA birth in their 
second pregnancy compared with women who remained 
weight stable (table 2). Since larger weight gain is asso-
ciated with a greater LGA risk, the goal of weight moni-
toring and managements should be to identify the women 
with a rollercoaster- type pattern of weight changes as the 
high- risk people who need a close follow- up. The risk 
assessment at 6 weeks postpartum is a new opportunity 
to detect women at risk for large weight gain and LGA 
more effectively. Underweight and normal weight women 
are prone to have larger weight gain than obese women; 
thus, they might be at the highest risk for subsequent 
BMI gain and the related adverse pregnancy outcomes. 
For women who were obese at the beginning of their first 

pregnancy, weight change was not associated with the 
subsequent pregnancy in the present study. The reason 
would be that the risk of LGA births is already increased 
in obese women, and the BMI change in obese group was 
not large enough to lead to a further increased risk.31  
Getahun et al32 found that compared with women with 
normal BMI in both pregnancies, any increase or decrease 
in prepregnancy BMI between normal and obese is asso-
ciated with increased risk of LGA birth, but prepreg-
nancy BMI category changed from underweight towards 
normal from first to second pregnancy is not associated 
with increased risk of LGA. This study is different from 
ours in that it focused on the BMI category between two 
pregnancies while we investigated the change in maternal 
BMI in the second pregnancy regardless of whether BMI 
category has changed or not. The BMI changed between 
two pregnancies may not cause the alteration of BMI cate-
gory, but it still could increase the risk of LGA.

We further found that the women who gained adequate 
weight in the second pregnancy still have an increased 
risk of LGA if their BMI change was ≥3 kg/m2 at 6 weeks 
postpartum (table 3). Some studies suggested that a new 
policy regarding the need for parity- specific gestational 
weight gain recommendations should be discussed.33 34 
The data in the present study provided support for the 
specific recommendations for gestational weight gain, 
which advise the women who had larger weight retention 
after the first pregnancy should have stricter weight control 
during the second pregnancy. In the stratified analysis, we 
showed even gaining adequate gestational weight in the 
second pregnancy, the women with a normal BMI in the 
first pregnancy but BMI change was ≥3 kg/m2 at 6 weeks 
postpartum were at increased risk of LGA births (table 4), 
which in line with the suggestion for specific gestational 
weight gain recommendations. Nohr et al34 also suggested 
that multiparas may benefit from lower weight gain than 
currently recommended to avoid PPWR.

Maternal parity is a well- recognised predictor of infant 
birth weight, with the hypothesis that the first pregnancy 

Table 4 Adjusted associations between the risk of LGA birth in the second pregnancy and category of prepregnant BMI 
before the first pregnancy stratified by gestational weight gain during the second pregnancy in the women who gained more 
than 3 BMI units at 6 weeks postpartum after the first pregnancy (n=2306)

Prepregnant 
BMI before the 
first pregnancy

Gestational weight gain during the second pregnancy

Inadequate (n=184) Adequate (n=830) Excessive (n=1292)

LGA/
total (n)

Unadjusted OR 
(95% CI)

Adjusted OR 
(95% CI)*

LGA/total 
(n)

Unadjusted 
OR (95% CI)

Adjusted OR 
(95% CI)*

LGA/total 
(n)

Unadjusted 
OR (95% CI)

Adjusted OR 
(95% CI)*

Underweight 1/10 1.00 (0.05 to 
18.57)

1.12 (0.05 to 
24.57)

33/119 2.78 (0.91 to 
8.52)

2.92 (0.95 to 
8.97)

42/143 3.16 (1.16 to 
8.59)

3.18 (1.17 to 8.66)

Normal weight 9/128 0.68 (0.08 to 
5.99)

0.90 (0.09 to 
8.74)

168/573 3.01 (1.04 to 
8.69)

3.21 (1.10 to 
9.33)

226/888 2.59 (1.01 to 
6.76)

2.62 (1.02 to 6.76)

Overweight 4/36 1.13 (0.11 to 
11.36)

1.01 (0.10 to 
10.50)

25/105 2.27 (0.73 to 
7.06)

2.43 (0.77 to 
7.64)

32/218 1.31 (0.48 to 
3.57)

1.31 (0.48 to 3.57)

Obese 1/10 1.00 1.00 4/33 1.00 1.00 5/43 1.00 1.00

Estimates with p<0.05 are marked in bold.
*Regression analysis was adjusted for maternal age, prepregnant BMI before the first pregnancy, gestational diabetes mellitus in the second pregnancy, and interpregnancy interval.
BMI, body mass index; LGA, large- for- gestational age.;
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primes the body and the body is more efficient with each 
subsequent pregnancy.17 18 Other factors, like maternal 
prepregnancy weight or weight gain during pregnancy,19 20 
are also associated with birth weight. There is evidence that 
women who do not lose pregnancy weight at 1- year post-
partum are more likely to retain weight longer term.35 
PPWR reflects the lifestyle and nutrition habit after delivery 
and it increases the prepregnancy BMI of subsequent 
pregnancy that are factors for LGA.31 36 Furthermore, the 
large PPWR could induce inflammatory disorders related 
to reduction in insulin sensitivity, which may contribute to 
macrosomia through regulation of fetal nutrition.20 37 It 
is difficult to identify all women who are planning a preg-
nancy but as the inter- conception period is also the precon-
ception period for the next pregnancy, it is important to 
engage with women during this period to optimize their and 
their children's health. Rather, behavioural changes during 
the postpartum period that impact lifestyle factors may 
have established new habits that contributed to a greater 
gestational weight gain in their second pregnancy. Some 
studies have demonstrated that the interpregnancy weight 
retention is associated with adverse perinatal outcomes 
in the subsequent pregnancy, including LGA.20 21 Our 
previous study showed that PPWR at 6 weeks after the first 
pregnancy is a good predictor for interpregnancy weight 
change.22 The relationship between PPWR at 6 weeks and 
the risk of LGA in the second pregnancy would provide us 
new evidence in support to encourage women to achieve 
postpartum weight loss.

Since the announcement that China’s one- child policy 
was to be replaced by a universal two- child policy effective 
from 2016, it allowed approximately 90 million primipa-
rous women of childbearing age to have the option of a 
second pregnancy.38 The appearance of multiparas leads to 
an increased incidence of LGA. Furthermore, as China has 
experienced dramatic socioeconomic development in the 
past decades, income as well as nutritional status of women 
has improved, potentially contributing to a rise in LGA.39 40 
Strategies aimed to decrease the risk of LGA are important 
to improve maternal and offspring health outcomes.

As early postpartum is a period of major change for 
women and their families, interventions need to be care-
fully designed to be attractive, flexible, affordable and 
feasible for women at this stage with competing priorities 
and time demands. Focus during the 6 weeks postpartum 
period in the China healthcare system is mostly on the 
reproductive system (especially uterus and vagina). With 
more and more women having the willingness for a second 
child, the feasibility and effectiveness strategies aimed to 
reduce adverse outcomes need to be considered. PPWR 
at 6 weeks is associated with an increased risk for LGA, 
the advice for the subsequent pregnancy should be taken 
into account. PPWR at 6 weeks is an important factor to 
make the specific management related to a healthy diet 
or physical activity behaviours during the preconception 
period and the second pregnancy.

As far as we know, this is the first large- scale study to 
investigate the association between PPWR at 6 weeks and 

LGA risk in the subsequent pregnancy in China. Our 
study had several limitations. The generalisability of 
the findings of this retrospective study is limited by one 
centre, the demographic characteristics of the sample 
are not representative of the national population. 
Furthermore, participants in the present study were all 
Chinese women; thus, the effect of lifestyle and dietary 
habits on PPWR and LGA might be different from 
other races. Another important limitation was the lack 
of information on breastfeeding duration, which is the 
potential confounder related to interpregnancy weight 
gain and LGA birth.41 Meantime, the confounders such 
as education, income, physical activity and postterm 
pregnancy were also not analysed in this study.

CONCLUSION
A large weight retention at 6 weeks postpartum after 
the first pregnancy was associated with LGA risk in the 
second pregnancy, even for the women with a normal 
BMI in the first pregnancy gaining adequate gestational 
weight in the second pregnancy. PPWR at 6 weeks after 
the first pregnancy provides us a new early time point 
to identify LGA risk in the second pregnancy and allows 
clinicians to implement primary strategies for preven-
tion. Diet control and physical exercise should be 
suggested to the women who retained large weight at 6 
weeks postpartum. Parity- specific individual gestational 
weight gain recommendations also should be taken into 
consideration for multiparas according to PPWR at 6 
weeks after the first pregnancy.

Contributors JL and TM designed the study. GS and GZ involved in data collection 
and data analysis. All authors approved the final version of the manuscript.

Funding This study was funded by the National Natural Science Foundation of 
China (Grant Number 81871173).

Competing interests None declared.

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

Patient consent for publication Not required.

Ethics approval This study obtained ethical approval from the Medical Ethics 
Review Board of China Medical University (AF- SOP-07-1.1-02, Shenyang, Liaoning, 
China).

Provenance and peer review Not commissioned; externally peer- reviewed.

Data availability statement All data relevant to the study are included in the 
article or uploaded as supplemental information. All relevant data are included in 
the article or uploaded as supplemental information.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

ORCID iD
Tao Meng http:// orcid. org/ 0000- 0002- 9669- 3387

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-9669-3387


7Liu J, et al. BMJ Open 2021;11:e049903. doi:10.1136/bmjopen-2021-049903

Open access

REFERENCES
 1 Mamun AA, Kinarivala M, O'Callaghan MJ, et al. Associations of 

excess weight gain during pregnancy with long- term maternal 
overweight and obesity: evidence from 21 Y postpartum follow- up. 
Am J Clin Nutr 2010;91:1336–41.

 2 Davis EM, Zyzanski SJ, Olson CM, et al. Racial, ethnic, and 
socioeconomic differences in the incidence of obesity related to 
childbirth. Am J Public Health 2009;99:294–9.

 3 Chin JR, Krause KM, Østbye T, et al. Gestational weight gain in 
consecutive pregnancies. Am J Obstet Gynecol 2010;203:279.
e1–279.e6.

 4 American College of Obstetricians and Gynecologists. ACOG 
Committee opinion no. 548: weight gain during pregnancy. Obstet 
Gynecol 2013;121:210–2.

 5 Poston L. Maternal obesity, gestational weight gain and diet as 
determinants of offspring long term health. Best Pract Res Clin 
Endocrinol Metab 2012;26:627–39.

 6 Luke S, Kirby RS, Wright L. Postpartum weight retention and 
subsequent pregnancy outcomes. J Perinat Neonatal Nurs 
2016;34:292–301.

 7 Olson CM, Strawderman MS, Hinton PS, et al. Gestational weight 
gain and postpartum behaviors associated with weight change from 
early pregnancy to 1 Y postpartum. Int J Obes Relat Metab Disord 
2003;27:117–27.

 8 Barker DJ. Fetal origins of coronary heart disease. BMJ 
1995;311:171–4.

 9 Kramer MS, Morin I, Yang H, et al. Why are babies getting bigger? 
Temporal trends in fetal growth and its determinants. J Pediatr 
2002;141:538–42.

 10 Surkan PJ, Hsieh C- C, Johansson ALV, et al. Reasons for 
increasing trends in large for gestational age births. Obstet Gynecol 
2004;104:720–6.

 11 Reilly JJ, Armstrong J, Dorosty AR, et al. Early life risk factors for 
obesity in childhood: cohort study. BMJ 2005;330:1357.

 12 Danielzik S, Czerwinski- Mast M, Langnäse K, et al. Parental 
overweight, socioeconomic status and high birth weight are the 
major determinants of overweight and obesity in 5-7 y- old children: 
baseline data of the Kiel Obesity Prevention Study (KOPS). Int J 
Obes Relat Metab Disord 2004;28:1494–502.

 13 Curhan GC, Willett WC, Rimm EB, et al. Birth weight and adult 
hypertension, diabetes mellitus, and obesity in US men. Circulation 
1996;94:3246–50.

 14 Curhan GC, Chertow GM, Willett WC, et al. Birth weight and adult 
hypertension and obesity in women. Circulation 1996;94:1310–5.

 15 Phillips DI, Young JB. Birth weight, climate at birth and the risk of 
obesity in adult life. Int J Obes Relat Metab Disord 2000;24:281–7.

 16 Gluckman PD, Hanson MA. Maternal constraint of fetal growth and 
its consequences. Semin Fetal Neonatal Med 2004;9:419–25.

 17 Khong TY, Adema ED, Erwich JJHM. On an anatomical basis for the 
increase in birth weight in second and subsequent born children. 
Placenta 2003;24:348–53.

 18 Prefumo F, Ganapathy R, Thilaganathan B, et al. Influence of parity 
on first trimester endovascular trophoblast invasion. Fertil Steril 
2006;85:1032–6.

 19 Gunderson EP. Childbearing and obesity in women: weight before, 
during, and after pregnancy. Obstet Gynecol Clin North Am 
2009;36:317–32.

 20 Villamor E, Cnattingius S. Interpregnancy weight change and risk 
of adverse pregnancy outcomes: a population- based study. Lancet 
2006;368:1164–70.

 21 McBain RD, Dekker GA, Clifton VL, et al. Impact of inter- pregnancy 
BMI change on perinatal outcomes: a retrospective cohort study. Eur 
J Obstet Gynecol Reprod Biol 2016;205:98–104.

 22 Liu J, Song G, Meng T, et al. Weight retention at six weeks 
postpartum and the risk of gestational diabetes mellitus in a second 
pregnancy. BMC Pregnancy Childbirth 2019;19:272.

 23 Jaipaul JV, Newburn- Cook CV, O'Brien B, et al. Modifiable risk 
factors for term large for gestational age births. Health Care Women 
Int 2009;30:802–23.

 24 Villar J, Cheikh Ismail L, Victora CG, et al. International standards for 
newborn weight, length, and head circumference by gestational age 
and sex: the newborn cross- sectional study of the INTERGROWTH- 
21st project. Lancet 2014;384:857–68.

 25 Chinese expert consensus compilation committee of overweight/
obesity medical nutrition therapy. Consensus statement of 
the Chinese medical and nutritional experts on management 
for overweight/obesity in China. Chin J Diabetes Mellitus 
2016;8:525–40.

 26 Whiteman VE, Aliyu MH, August EM, et al. Changes in 
prepregnancy body mass index between pregnancies and 
risk of gestational and type 2 diabetes. Arch Gynecol Obstet 
2011;284:235–40.

 27 Lynes C, McLain AC, Yeung EH, et al. Interpregnancy weight change 
and adverse maternal outcomes: a retrospective cohort study. Ann 
Epidemiol 2017;27:632–7.

 28 Rasmussen KM, Yaktine AL. Weight gain during pregnancy: 
reexamining the guidelines. Washington (DC), 2009.

 29 Bogaerts A, Van den Bergh BRH, Ameye L, et al. Interpregnancy 
weight change and risk for adverse perinatal outcome. Obstet 
Gynecol 2013;122:999–1009.

 30 Ehrlich SF, Hedderson MM, Feng J, et al. Change in body mass index 
between pregnancies and the risk of gestational diabetes in a second 
pregnancy. Obstet Gynecol 2011;117:1323–30.

 31 Shin D, Song WO. Prepregnancy body mass index is an independent 
risk factor for gestational hypertension, gestational diabetes, preterm 
labor, and small- and large- for- gestational- age infants. J Matern Fetal 
Neonatal Med 2015;28:1679–86.

 32 Getahun D, Ananth CV, Peltier MR, et al. Changes in prepregnancy 
body mass index between the first and second pregnancies 
and risk of large- for- gestational- age birth. Am J Obstet Gynecol 
2007;196:530.e1–530.e8.

 33 National Research Council. Weight gain during pregnancy: 
reexamining the guidelines National Academies Press; 2010.

 34 Nohr EA, Vaeth M, Baker JL, et al. Pregnancy outcomes related to 
gestational weight gain in women defined by their body mass index, 
parity, height, and smoking status. Am J Clin Nutr 2009;90:1288–94.

 35 Linné Y, Dye L, Barkeling B, et al. Long- Term weight development in 
women: a 15- year follow- up of the effects of pregnancy. Obes Res 
2004;12:1166–78.

 36 Marchi J, Berg M, Dencker A, et al. Risks associated with obesity in 
pregnancy, for the mother and baby: a systematic review of reviews. 
Obes Rev 2015;16:621–38.

 37 Ahlsson F, Diderholm B, Jonsson B, et al. Insulin resistance, a link 
between maternal overweight and fetal macrosomia in nondiabetic 
pregnancies. Horm Res Paediatr 2010;74:267–74.

 38 Zhang L, Shen S, He J, et al. Effect of Interpregnancy interval on 
adverse perinatal outcomes in southern China: a retrospective cohort 
study, 2000-2015. Paediatr Perinat Epidemiol 2018;32:131–40.

 39 Lu Y, Zhang J, Lu X, et al. Secular trends of macrosomia in Southeast 
China, 1994-2005. BMC Public Health 2011;11:818.

 40 Shan X, Chen F, Wang W, et al. Secular trends of low birthweight 
and macrosomia and related maternal factors in Beijing, China: a 
longitudinal trend analysis. BMC Pregnancy Childbirth 2014;14:105.

 41 Nohr EA, Vaeth M, Baker JL, et al. Combined associations of 
prepregnancy body mass index and gestational weight gain with the 
outcome of pregnancy. Am J Clin Nutr 2008;87:1750–9.

http://dx.doi.org/10.3945/ajcn.2009.28950
http://dx.doi.org/10.2105/AJPH.2007.132373
http://dx.doi.org/10.1016/j.ajog.2010.06.038
http://dx.doi.org/10.1097/01.aog.0000425668.87506.4c
http://dx.doi.org/10.1097/01.aog.0000425668.87506.4c
http://dx.doi.org/10.1016/j.beem.2012.03.010
http://dx.doi.org/10.1016/j.beem.2012.03.010
http://dx.doi.org/10.1097/JPN.0000000000000160
http://dx.doi.org/10.1038/sj.ijo.0802156
http://dx.doi.org/10.1136/bmj.311.6998.171
http://dx.doi.org/10.1067/mpd.2002.128029
http://dx.doi.org/10.1097/01.AOG.0000141442.59573.cd
http://dx.doi.org/10.1136/bmj.38470.670903.E0
http://dx.doi.org/10.1038/sj.ijo.0802756
http://dx.doi.org/10.1038/sj.ijo.0802756
http://dx.doi.org/10.1161/01.CIR.94.12.3246
http://dx.doi.org/10.1161/01.CIR.94.6.1310
http://dx.doi.org/10.1038/sj.ijo.0801125
http://dx.doi.org/10.1016/j.siny.2004.03.001
http://dx.doi.org/10.1053/plac.2002.0922
http://dx.doi.org/10.1016/j.fertnstert.2005.09.055
http://dx.doi.org/10.1016/j.ogc.2009.04.001
http://dx.doi.org/10.1016/S0140-6736(06)69473-7
http://dx.doi.org/10.1016/j.ejogrb.2016.07.487
http://dx.doi.org/10.1016/j.ejogrb.2016.07.487
http://dx.doi.org/10.1186/s12884-019-2423-3
http://dx.doi.org/10.1080/07399330903066160
http://dx.doi.org/10.1080/07399330903066160
http://dx.doi.org/10.1016/S0140-6736(14)60932-6
http://dx.doi.org/10.1007/s00404-011-1917-7
http://dx.doi.org/10.1016/j.annepidem.2017.09.008
http://dx.doi.org/10.1016/j.annepidem.2017.09.008
http://dx.doi.org/10.1097/AOG.0b013e3182a7f63e
http://dx.doi.org/10.1097/AOG.0b013e3182a7f63e
http://dx.doi.org/10.1097/AOG.0b013e31821aa358
http://dx.doi.org/10.3109/14767058.2014.964675
http://dx.doi.org/10.3109/14767058.2014.964675
http://dx.doi.org/10.1016/j.ajog.2006.12.036
http://dx.doi.org/10.3945/ajcn.2009.27919
http://dx.doi.org/10.1038/oby.2004.146
http://dx.doi.org/10.1111/obr.12288
http://dx.doi.org/10.1159/000295710
http://dx.doi.org/10.1111/ppe.12432
http://dx.doi.org/10.1186/1471-2458-11-818
http://dx.doi.org/10.1186/1471-2393-14-105
http://dx.doi.org/10.1093/ajcn/87.6.1750

	Relationship between weight retention at 6 weeks postpartum and the risk of large-­for-­gestational age birth in a second pregnancy in China: a retrospective cohort study
	Abstract
	Introduction﻿﻿
	Methods
	Data collection
	Statistical analysis
	﻿Patient and public involvement﻿

	Results
	Discussion
	Conclusion
	References


