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Abstract

Background: Previous studies indicated that excessive gestational weight gain (GWG) was positively associated
with offspring obesity. Nevertheless, little is known about the effect of GWG on offspring thinness. This study aimed
to assess the association of GWG with childhood weight status across the full range of weight status by
prepregnancy body mass index (BMI).

Methods: We used data from a retrospective study of 33,828 Chinese children aged 6–18 years and their mothers.
Children’s weight and height were objectively measured. Maternal GWG and other information were collected by
using self-reported questionnaires. Multivariate linear regressions and logistic regressions were applied.

Results: Overall, the prevalence of thinness and overweight/obesity in children were 12.9 and 17.3% respectively
(p < 0.05). Children’s BMI z-score was on average 0.021 higher for every 1-kg greater GWG. For mothers who were
underweight or normal weight before pregnancy, excessive GWG was positively associated with offspring
overweight/obesity [OR (95% CI): 1.51 (1.21, 1.90) and 1.30 (1.17, 1.45)], whereas inadequate GWG was associated
with increased risk of offspring thinness [OR (95% CI): 1.24 (1.05, 1.46) and 1.17 (1.04, 1.32)]. Similar but non-
significant associations were found in prepregnancy overweight mothers. Notably, there was a very high prevalence
of child overweight/obesity (30.2%) in prepregnancy overweight subgroup regardless of GWG status.

Conclusions: Inadequate GWG was associated with an increased risk of offspring thinness, whereas excessive GWG
was associated with an increased risk of offspring overweight and obesity among prepregnancy underweight and
normal weight mothers only.

Keywords: Gestational weight gain, Maternal prepregnancy BMI, Childhood thinness, Childhood obesity,
Epidemiology

Plain English summary
Gestation period is considered as a crucial time for growth,
development, and physiological changes in children. Exces-
sive gestational weight gain (GWG) was suggested to be
positively associated with offspring obesity. Nevertheless,
little is known about the effect of GWG on offspring
thinness. This study aimed to assess the association of
GWG with childhood weight status across the full range of
weight status by prepregnancy body mass index (BMI).

The weight and height of 33,828 Chinese children
were objectively measured. These children and their
mothers were asked to fill in a self-reported question-
naire which included socio-demographic data, maternal
prepregnancy weight (kg) and height (cm), as well as
mother’s weight (kg) at delivery and so on.
Overall, the prevalence of thinness and overweight/

obesity in children were 12.9 and 17.3% respectively. For
mothers who were underweight or normal weight before
pregnancy, excessive GWG was positively associated
with offspring overweight/obesity, whereas inadequate
GWG was associated with increased risk of offspring
thinness. Similar but non-significant associations were
found in prepregnancy overweight mothers. Notably,
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there was a very high prevalence of child overweight/obes-
ity (30.2%) in prepregnancy overweight subgroup regardless
of GWG status. In addition, children’s BMI z-score was on
average 0.021 higher for every 1-kg greater GWG in the
overall group.
In conclusion, inadequate GWG was associated with

an increased risk of offspring thinness, whereas excessive
GWG was associated with an increased risk of offspring
overweight and obesity among prepregnancy under-
weight and normal weight mothers only.

Background
Childhood obesity has been a serious public health prob-
lem worldwide [1]. The global prevalence of childhood
overweight and obesity increased rapidly, for example in
developed countries, from 16.9% of boys in 1980 to
23.8% in 2013 [2]. Previous of evidences have demon-
strated that obesity is linked to medical, neurocognitive
and psychological abnormalities which impact children’s
health and quality of life [3–5]. Despite the rapidly
increasing prevalence of obesity, thinness [i.e. low body
mass index (BMI) for age] remains a health concern
among children in many countries [6–8]. A global sur-
vey of 12–18-year-old girls from 40 countries indicated
that the prevalence of moderate/severe thinness was
7.6%, especially with higher levels in Asia [9]. It has been
suggested that thinness may affect physical growth of
children, lower immunity and increase risk of infection
[10–12]. Therefore, prevention of childhood thinness
should also be taken into account when it comes to the
design and implementation of child weight control
programs.
Gestation period is considered as a crucial time for

growth, development, and physiological changes in chil-
dren. Previous studies showed that gestational weight
gain (GWG) was positively associated with offspring’s
birth weight [13] and BMI in childhood [14, 15], adoles-
cence [16, 17], and adulthood [18]. These associations
are complex [19, 20], consequently, epidemiologic stud-
ies assessing the association between GWG and child
weight status are supposed to control for lifestyle and
genetics factors between mother and child to reduce bias.
Considering the influence of maternal nutritional status
before pregnancy, in 2009, the Institute of Medicine
(IOM) recommended ranges of BMI-specific weight gain
during pregnancy to achieve optimal pregnancy outcomes.
However, whether the effect of inappropriate GWG on
child weight status also varies in different maternal
prepregnancy BMI category is controversial.
Although many of the previously published studies had

investigated the relationship of excessive GWG with off-
spring obesity [21–23], very few reported the long-term
impact of inadequate GWG on child weight status in
terms of category structure and limited focused on the

adolescent population. One longitudinal study con-
sisted of 3600 participants found that excess GWG
was associated with an increase in child BMI z-score
in early childhood among normal and overweight
mothers, whereas low GWG was not associated with
child BMI z-score among all pregnancy BMI groups
[24]. Furthermore, to the best of our knowledge, no
previous study has investigated the association of
inadequate GWG with childhood thinness.
Thus, using data from a large population-based, retro-

spective study, we aimed to examine the association
between GWG and weight status across the full range of
weight status in offspring aged 6–18 years, and whether
these associations differ by mother’s prepregnancy BMI.

Methods
Data were obtained from a retrospective study, conducted
between September 2015 and June 2016 in Guangzhou, a
large city in South China. Multistage cluster sampling
method was adopted in the recruitment of participants. In
the first stage, 30 schools were randomly selected from 12
districts of Guangzhou using probability proportional to
size sampling method. In the second stage, all the children
in selected schools and their mothers were invited to par-
ticipate in our survey. A total of 56,096 mother-child pairs
participated in our study, 54,395 children completed phys-
ical examination and 42,049 children (with 75% response
rate) completed the questionnaire with their mothers. In
the study, those with missing information about age,
gender, BMI, maternal prepregnancy BMI, or GWG were
excluded. Lastly, 33,828 mother-child pairs remained in
the analyses.

Study variables and measurements
Children and their mothers were asked to fill in a self-re-
ported questionnaire which included socio-demographic
data, maternal prepregnancy weight (kg) and height (cm),
as well as mother’s weight (kg) at delivery. Data of children’s
birth and feeding situation, personal and family medical
history were also collected. Additionally, children’s daily
physical activity/sedentary behavior were reported. Trained
staff checked the integrity of completed questionnaires
upon returned.

Prepregnancy BMI
Prepregnancy BMI (kg/m2) was calculated by dividing
weight (kg) by the square of height (m2). We adopted
the Chinese standard [25] to categorize maternal pre-
pregnancy weight status as underweight (prepregnancy
BMI < 18.5 kg/m2), normal weight (prepregnancy BMI
18.5–23.9 kg/m2), and overweight (including obesity:
prepregnancy BMI ≥ 24.0 kg/ m2).
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Gestational weight gain
GWG (kg) was calculated as the difference between ma-
ternal weight before delivery and weight before pregnancy.
According to Chinese standard for prepregnancy BMI cat-
egories [25] and IOM recommendations [26], adequate
GWG was defined as: 12.5–18.0 kg for initially under-
weight women (< 18.5 kg/m2); 11.5–16.0 kg for normal
weight women (18.5–23.9 kg/m2); 7.0–11.5 kg for over-
weight women (24.0–27.9 kg/ m2); and 5.0–9.0 kg for
obese women (≥ 28 kg/m2). Inadequate and excessive
GWG were defined as below and above these ranges
within each prepregnancy BMI category, respectively.

Child weight status
Children’s height (cm) and weight (kg) were measured
by qualified technicians according to a standardized
protocol. Height was measured to the nearest 0.1 cm
using a free-standing stadiometer, with each child wear-
ing no shoes. Weight was measured to an accuracy of
0.1 kg using a calibrated digital scales, with each child

wearing only underwear and standing at ease. Age- and
sex-specific child BMI z-scores were calculated using the
WHO’s Growth Reference. Child overweight and obesity
were defined based on the age- and gender-specific BMI
cutoffs for school-aged children developed by the Work-
ing Group on Obesity in China [27]. Thinness was defined
by the age- and gender-specific cutoffs of malnutrition for
Chinese children [28].

Covariates
Mothers provided information about their education level,
family income, gestational diabetes mellitus (yes/no), child’s
gestational age (i.e., preterm, full-term, or post-term), birth
weight (kg), and feeding patterns in the first 6 months (i.e.,
exclusive breast feeding, mixed feeding, or exclusive artifi-
cial feeding). Physical activity was reported by children,
with their mothers’ assist if needed. Physical activity of
children was estimated using the International Physical
Activity Questionnaire-Short Form (IPAQ-SF) [29]. Chil-
dren were asked to reported the frequency (days) and

Table 1 Characteristics of mothers and children by gestational weight gain

N GWG categories Overall P*

Inadequate Adequate Excessive

Maternal characteristics

Prepregnancy BMI, kg/m2 33,828 20.1 ± 2.1 20.1 ± 2.2 20.2 ± 2.6 20.1 ± 2.3 0.0136

Gestational weight gain, kg 33,828 8.1 ± 2.4 13.7 ± 1.9 20.2 ± 4.0 12.9 ± 5.6 < 0.0001

GDM, % 33,643 1.3 2.0 2.8 1.9 < 0.0001

Education, % 33,044 < 0.0001

Junior high school or below 37.1 23.3 17.5 27.9

Senior high school or above 27.2 25.6 25.1 26.2

College or above 35.7 51.1 57.4 45.9

Family monthly income, % 33,025 < 0.0001

< 8000 RMB 52.1 47.3 43.3 48.4

8000~ 15,000 RMB 18.4 22.5 24.5 21.2

≥ 15,000 RMB 9.2 12.3 15.3 11.7

Refuse to answer 20.3 17.9 16.9 18.7

Child characteristics

Boy, % 33,828 47.7 49.6 51.8 49.3 < 0.0001

Age, year 33,828 12.9 ± 3.5 11.7 ± 3.4 11.2 ± 3.3 12.1 ± 3.5 < 0.0001

Feeding pattern in the first 6 months, % 32,826 < 0.0001

Breast feeding 41.7 38.4 36.6 39.4

Mixed feeding 45.3 46.8 47.3 46.2

Artificial feeding 13.0 14.8 16.2 14.4

Birth weight, kg 32,674 3.0 ± 0.5 3.0 ± 0.5 3.1 ± 0.5 3.0 ± 0.5 < 0.0001

Child BMI, kg/m2 33,828 18.3 ± 3.5 18.0 ± 3.6 18.2 ± 3.8 18.2 ± 3.6 < 0.0001

MVPA≥60 min 27,182 35.3 37.4 38.5 36.8 < 0.0001

Values are presented as mean ± SD or percentages
GWG gestational weight gain, BMI body mass index, GDM gestational diabetes mellitus, MVPA moderate-to-vigorous physical activity
*Differences of continuous and categorical variables between gestational weight gain categories were evaluated by using One-way ANOVA and Chi-square
test, respectively

Wan et al. Reproductive Health  (2018) 15:149 Page 3 of 10



duration (hours and minutes in each of those days) of each
of the following activities during the last 7 days: 1)
vigorous-intensity activity; 2) moderate-intensity activity; 3)
walking; and 4) sitting.

Statistical analysis
Data were analyzed using SAS 9.2. Descriptive statis-
tics were conducted for all variables by GWG categor-
ies. Continuous variables were presented as mean and
standard deviation (SD), and categorical variables were
presented as percentage. One-way ANOVA test and
Chi-square test were applied to evaluate the differ-
ences of continuous and categorical variables, respect-
ively. Multiple linear regression model was used to
examine the association between GWG and children’s
current BMI or BMI z-score in each prepregnancy
BMI subgroup, and multiple logistic regression ana-
lyses were performed to assess the association of
GWG (inadequate, adequate, or excessive) with chil-
dren’s thinness and overweight (including obesity),
with adjustment for the potential confounders. Ad-
justed odds ratio (OR) and 95% confidence interval
(CI) were calculated from the logistic regression ana-
lyses. In addition, we used the Cochran-Armitage test
and linear regression to assess trends of maternal pre-
pregnancy BMI and gestational weight gain between
1996 and 2009. p value less than 0.05 was considered
statistically significant in all analyses.

Results
Table 1 presents the general characteristics of mothers
and children by GWG. Of the 33,828 participating mothers,
the proportion of inadequate, adequate, and excessive
GWG in mothers was 44.2, 30.9 and 25.0%, respectively.
Overall, the mean maternal GWG was 12.9 ± 5.6 kg, and
mean prepregnancy BMI was 20.1 ± 2.3 kg/m2. Compared
with mothers with inadequate GWG, mothers with
adequate or excessive GWG had significantly higher
maternal education level and family income. Children
whose mothers had excessive GWG were younger and
were more likely to be boys, to have higher birth
weight, and to be artificially fed during the first
6 months (All P < 0.0001).
As shown in Table 2, the prevalence of overweight and

obesity was higher in children of mothers who had
excessive GWG (12.7 and 9.9%) than that in those of
mothers had adequate (11.0 and 6.8%) or inadequate
GWG (8.8 and 5.1%). Whereas the prevalence of off-
spring thinness was higher in the inadequate GWG
group (14.4%) than that in adequate (12.6%) or excessive
GWG group (10.6%). This trend also existed within each
prepregnancy BMI subgroup. Mothers with prepreg-
nancy overweight, regardless of GWG category, were
more likely to have overweight or obese offspring and
less likely to have normal weight offspring compared
with those with prepregnancy normal weight or under-
weight. In particular, among the prepregnancy over-
weight group, there was very high combined prevalence

Table 2 Children’s weight status by GWG stratified by prepregnancy BMI categories

GWG categories Children weight status (%) P*

Thinness Normal Overweight Obesity

Overall 12.9 69.8 10.5 6.8 < 0.0001

Inadequate 14.4 71.6 8.8 5.1

Adequate 12.6 69.7 11.0 6.8

Excessive 10.6 66.7 12.7 9.9

Prepregnancy underweight 19.0 69.3 7.4 4.3 < 0.0001

Inadequate 21.0 68.5 7.2 3.4

Adequate 18.0 71.0 6.9 4.1

Excessive 16.6 68.5 8.6 6.3

Prepregnancy normal weight 11.4 70.5 11.0 7.1 < 0.0001

Inadequate 12.6 72.6 9.3 5.5

Adequate 11.3 69.9 11.8 6.9

Excessive 9.4 67.1 13.4 10.1

Prepregnancy overweight 6.5 63.3 15.8 14.4 < 0.0001

Inadequate 8.0 72.4 11.0 8.6

Adequate 6.5 62.4 16.7 14.3

Excessive 5.4 58.2 18.2 18.2

Values are presented as percentages
GWG gestational weight gain
*Differences of child weight status between gestational weight gain categories were evaluated by using Chi-square test
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of offspring overweight and obesity in both the adequate
(around 31%) as well as the excessive GWG group
(around 36%).
As a continuous variable, GWG was positively asso-

ciated with children’s mean BMI after adjustment for
all confounding factors, though the effect size was
small (0.049 kg/m2 change in children’s mean BMI per
1-kg change in GWG). After stratified by prepregnancy
BMI categories, the association remained statistically
significant only in the prepregnancy underweight and
normal weight subgroup. Similar associations were also
observed between GWG and offspring BMI z-score
(Table 3).
In logistic regression models, after adjustment for con-

founders, excessive GWG was associated with increased
risk of offspring overweight/obesity [OR (95% CI): 1.31
(1.20, 1.43)] and lower risk of thinness [OR (95% CI): 0.80
(0.72, 0.90)] compared with adequate GWG (Table 4). In
contrast, inadequate GWG was associated with elevated
risk of offspring thinness [OR (95% CI): 1.18 (1.08, 1.30)]
and lower odds of overweight/obesity [OR (95% CI): 0.86
(0.79, 0.94)] compared with adequate GWG. After strati-
fied by prepregnancy BMI categories, we found positive
associations between excessive GWG and offspring over-
weight/obesity, as well as between inadequate GWG and
childhood thinness only among prepregnancy under-
weight and normal weight mothers. There was also a
negative relation of inadequate GWG and risk of offspring
overweight/obesity in prepregnancy normal weight and
overweight/obese mothers.
Table 5 presents the trend of maternal prepregnancy

BMI and GWG between 1996 and 2009. The average
prepregnancy BMI decreased slightly from 20.4 kg/m2 in
1996 to 20.1 kg/m2 in 2009 (P < 0.001) (Fig. 1a). Accord-
ingly, the prevalence of prepregnancy underweight in-
creased from 22.7 to 24.8% (P < 0.0001). Especially
noteworthy is that the average GWG increased signifi-
cantly from 10.5 kg to 14.4 kg (P < 0.001) (Fig. 1b), with
the prevalence of excessive GWG rising from 16.2 to
31.8%. Meanwhile, the prevalence of inadequate GWG
decreased from 58.7 to 33.4% between 1996 and 2009.
The increasing trend of GWG remained significant
within each prepregnancy BMI category.

Discussion
In this study, heterogeneity of relationship between
GWG and offspring weight status stratified by prepreg-
nancy BMI categories was observed. For mothers with
prepregnancy underweight or normal weight, inadequate
GWG increased the risk of thinness, while excessive
GWG increased the risk of overweight/obesity in chil-
dren aged 6–18 years, compared with mothers with ad-
equate GWG. However, such associations were not
found in children whose mothers were overweight/obese
before pregnancy.
The positive overall association between excessive

GWG and increased risk of children overweight/obes-
ity in our study was consistent with previous studies
[30–32]. Nevertheless, results from different studies

Table 4 Association between GWG and child weight status
stratified by prepregnancy BMI categories

GWG
categories

Childhood thinness Childhood overweight/obesity

OR (95% CI) P OR (95% CI) P

Overall

Inadequate 1.18(1.08, 1.30) 0.0004 0.86(0.79, 0.94) 0.0009

Adequate 1.00 1.00

Excessive 0.80(0.72, 0.90) 0.0002 1.31(1.20, 1.43) < 0.0001

Prepregnancy underweight

Inadequate 1.24(1.05, 1.46) 0.01 1.19(0.96, 1.47) 0.1127

Adequate 1.00 1.00

Excessive 0.91(0.74, 1.11) 0.3458 1.51(1.21, 1.90) 0.0004

Prepregnancy normal weight

Inadequate 1.17(1.04, 1.32) 0.0071 0.80(0.72, 0.89) < 0.0001

Adequate 1.00 1.00

Excessive 0.76(0.66, 0.88) 0.0002 1.30(1.17, 1.45) < 0.0001

Prepregnancy overweight

Inadequate 1.20(0.69, 2.09) 0.5243 0.55(0.39, 0.79) 0.0013

Adequate 1.00 1.00

Excessive 0.84(0.48, 1.47) 0.5363 1.16(0.87, 1.54) 0.3214

Adjusted for child’s age, gender, school, gestational age, birth weight, feeding
patterns in the first 6 months, child’s physical activities, maternal
prepregnancy BMI, maternal education level, family monthly income and
gestational diabetes mellitus
GWG gestational weight gain, BMI body mass index, OR odds ratio, CI
confidence interval

Table 3 Association between GWG and children’s BMI stratified by prepregnancy BMI categories

GWG, kg Children’s BMI, kg/m2 Children’s BMI z-score

Coefficient Standardized coefficient P Coefficient Standardized coefficient P

Overall 0.049 0.075 < 0.0001 0.021 0.090 < 0.0001

Prepregnancy underweight 0.037 0.063 < 0.0001 0.017 0.078 < 0.0001

Prepregnancy normal weight 0.058 0.088 < 0.0001 0.025 0.105 < 0.0001

Prepregnancy overweight 0.024 0.034 0.2096 0.008 0.033 0.2429

Adjusted for child’s age, gender, school, gestational age, birth weight, feeding patterns in the first 6 months, child’s physical activities, maternal prepregnancy BMI,
maternal education level, family monthly income and gestational diabetes mellitus
GWG gestational weight gain, BMI body mass index
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on the prepregnancy BMI-specific associations be-
tween excess GWG and child weight status have been
inconsistent. Hinkle et al. [24] found a positive association
between excess GWG and child BMI Z-score among nor-
mal and overweight mothers only, whereas Wrotniak et al.
[33] found that the impact of excess GWG on offspring
overweight was greatest in prepregnancy underweight
women. Notably, we observed such association only
among mothers who were underweight or normal weight,
but not among overweight/obesity mothers. This result
may reflect that there are many factors contributing to
obesity among children born to overweight or obese
mothers. These children may have already at increased
risk of overweight/obesity because of genetic predispos-
ition or familial lifestyle factors [20]. Indeed, we observed
that both the prevalence of overweight and obesity were
alarmingly high in children born to mothers with prepreg-
nancy overweight, regardless of GWG status. A systematic
review also lends support that prepregnancy overweight
was associated with an increased risk of offspring over-
weight/obesity, compared with mothers with normal
weight [34]. Therefore, in addition to preventing excess
GWG, these findings further highlight the importance

of avoiding prepregnancy overweight for the prevention
of childhood overweight/obesity.
Research evaluating the relationship between inad-

equate GWG and childhood overweight/obesity has
produced mixed conclusions. Two studies [30, 35] found
that low GWG was associated with an increase in obes-
ity risk, whereas another study [36] found no association
between low GWG and child obesity in any prepreg-
nancy BMI group. In contrast, we found a negative asso-
ciation between inadequate GWG and child overweight/
obesity among prepregnancy non-underweight mothers.
Our findings are intriguing for further studies to explore
the reasons for such variation in different populations.
Our work also extends previous studies in which it ex-

amined the effect of maternal GWG on offspring thin-
ness and found that inadequate GWG increased the risk
of offspring thinness among mothers who were under-
weight or normal weight before pregnancy. Sarah et al.
[37] found that low GWG during the first trimester of
pregnancy was associated with reduced child BMI at age
4.5 years, independent of prepregnancy BMI and birth
size, which provided some support for our findings. This
suggests the need to promote adequate GWG for the

Table 5 Trends for maternal prepregnancy BMI and gestational weight gain during 1996 ~ 2009

1996~ 2000 2001~ 2005 2006~ 2009 Overall P* for trend

Prepregnancy BMI categories§

Underweight 22.7 23.1 24.8 23.5 0.0001

Normal weight 71.0 71.4 70.1 70.8 0.0784

Overweight 6.3 5.6 5.0 5.6 < 0.0001

GWG categories

Overall#

Inadequate 58.7 42.1 33.4 44.2 < 0.0001

Adequate 25.2 31.9 34.7 30.9 < 0.0001

Excessive 16.2 26.0 31.8 25.0 < 0.0001

Prepregnancy underweight#

Inadequate 58.6 42.6 34.9 44.5 < 0.0001

Adequate 24.9 32.3 37.1 31.8 < 0.0001

Excessive 16.6 25.1 28.0 23.7 < 0.0001

Prepregnancy normal weight#

Inadequate 61.0 43.2 34.2 45.6 < 0.0001

Adequate 23.8 31.5 33.9 30.0 < 0.0001

Excessive 15.2 25.3 31.9 24.5 < 0.0001

Prepregnancy overweight#

Inadequate 32.4 25.9 15.1 24.9 < 0.0001

Adequate 42.0 36.3 35.1 37.8 0.0069

Excessive 25.6 37.8 49.8 37.2 < 0.0001

Values are presented as percentages
GWG gestational weight gain, BMI body mass index
*The Cochran-Armitage trend test were used for comparing the prevalence of each prepregnancy BMI and GWG category in different years
#Significant proportions (P < 0.0001) of GWG category during different period
§Significant proportions (P < 0.0001) of prepregnancy BMI category during different period
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prevention of not only childhood overweight/obesity but
also thinness.
Interestingly, we found a negative association between

excess GWG and offspring thinness, especially among
normal weight mothers. This should be interpreted with
caution and future studies are warranted to confirm the
present finding. In the other hand, when considering the
genetic variation among populations, the appropriate
GWG may vary by ethnic group. The IOM category has
been recommended by the Chinese Society of Nutrition
and was applied in our study. However, the IOM recom-
mended levels of pregnancy weight gain might not be
optimal for Chinese women, especially for those with
prepregnancy overweight women (BMI ≥ 24 kg/m2).
Hence, further studies are required to access the

applicability of IOM guidelines and to investigate
whether new GWG classification guidelines are needed
in China.
There are several important potential pathways by

which GWG may relate to offspring BMI later in life.
GWG is suggested to exert an indirect effect on child’s
weight status through birth weight [24]. However, des-
pite the positive association of birth weight with later
BMI [16], we found that the associations between GWG
and child weight status remained fairly robust after
adjusted for child’s birth weight and other confounders.
Furthermore, measuring maternal nutrition or GWG

is recognized as a proxy of the fetal nutrition environ-
ment [37]. Changes in fetal nutrition status or endocrine
system may induce lasting alterations in physiology,

a

b

Fig. 1 a Trend of the mean maternal prepregnancy BMI during 1996–2009. b Trend of the mean maternal gestational weight gain
during 1996–2009
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metabolism, or organ structure of individuals, predispos-
ing them to later metabolic disorders [38, 39]. Therefore,
inadequate or excessive GWG may lead to partially nutri-
tional modification of intrauterine exposures of the fetus.
Firstly, intrauterine exposures may have sustained influ-
ence on offspring weight by determining fetus’s body com-
position and programming of hypothalamic appetite
regulation centers [40, 41]. Secondly, maternal
over-nutrition may overstimulate fetal pancreatic Beta-cells
and accordingly bring about fetal hyper-insulinism, which
may have permanent effects on offspring pancreatic struc-
ture and function, resulting in impaired glucose tolerance
and obesity in adolescence [40, 42]. Thirdly, central leptin
sensitivity in offspring may also be affected by prenatal
over-nutrition [43]. Changes in leptin levels during key pe-
riods of hypothalamic development may induce long-term
and potentially irreversible effects on metabolism in later
life [41]. It is not likely to test these possibilities based on
this study, but these findings support that intrauterine ex-
posures may mediate the relations of GWG and offspring
weight status. Thus, promoting measures to ensure appro-
priate GWG is important for the prevention of childhood
thinness and obesity regardless of maternal prepregnancy
BMI.
Although achieving adequate GWG plays an import-

ant role in the long-term health of offspring, the average
maternal GWG and the prevalence of excessive GWG
were significantly increased during 1996 to 2009. It is
noteworthy that the prevalence of excessive GWG
during 2006–2009 was approximately twice as high as
during 1996–2000. In contrast, both the percentage of
women gaining above IOM recommendations and mean
GWG in America only slightly increased from 2000
through 2009 [44]. The rapid economic development, im-
provement of food environment, as well as low level of
physical activity may account for the increasing prevalence
of excessive GWG women in China. Nevertheless, other
reasons for this trend warrant further investigation. These
trends suggest that it is important for policymakers and
health professionals to develop practical strategies for
healthy weight management during pregnancy.
There are several strengths of this study. Firstly, we

related GWG to the risk of offspring thinness in child-
hood and adolescence. Our findings not only support
other evidences suggesting to avoid excess weight gain
during pregnancy but also emphasis the negative impact
of inadequate GWG. Secondly, we considered the broad
age spectrum of children (6–18 years). Finally, this is the
first study to report the recent secular trends in prepreg-
nancy BMI and maternal GWG among Chinese women.
A rapidly increasing trend in GWG was identified and
warranted more attention from researchers and clinicians.
A major limitation in our study is that the prepreg-

nancy BMI and maternal GWG were assessed based on

self-reported data rather than objective measurement,
which may result in recall bias. However, previous studies
found that self-reported weight and height were generally
valid for identifying associations in epidemiological studies
[45, 46]. Besides, a potential selection bias can’t be excluded
in this study, because children who didn’t respond to ques-
tionnaire survey were more likely to be boys (55.4% vs.
49.9%) and be older (13.24 year vs. 12.32 year) than those
who completed the questionnaire. To account for this, we
additionally carried out subgroup analyses by gender and
age. Results show that the associations between inappropri-
ate GWG and offspring weight status were similar in differ-
ent age group, and were slightly stronger in boys than in
girls. Therefore, the associations we report here are possible
to be underestimated, but not overestimated.

Conclusions
Our study suggested that inadequate GWG was associated
with an increased risk of offspring thinness at 6–18 years of
age, whereas excessive GWG was associated with an in-
creased risk of offspring obesity. The adverse effects of inad-
equate or excessive GWG on offspring weight status were
only found for initially underweight and normal-weight
mothers, but not for overweight/obese mothers. More atten-
tion should be paid to the influences of maternal weight
change during pregnancy on childhood weight status to
prevent the inter-generational cycle of thinness and obesity.
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