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Abstract

Objectives

To examine the association of maternal pre-pregnancy body mass index (BMI) and gesta-
tional weight gain (GWG) with anthropometry in the offspring of mothers with gestational
diabetes mellitus (GDM).

Methods

We performed a retrospective cohort study in 1263 GDM mother-child pairs. General linear
models and Logistic regression models were used to assess the single and joint associa-
tions of maternal pre-pregnancy BMI (normal weight, overweight, and obesity) and GWG
(inadequate, adequate and excessive GWG) with anthropometry and overweight status in
the offspring from birth to 1-5 years old.

Results

Maternal pre-pregnancy BMI and GWG were positively associated with birth weight for ges-
tational age Z score and birth weight for length for gestational age Z score at birth, and
weight for age Z score, length/height for age Z score, and weight for length/height Z score at
of 1-5 years old offspring. Maternal pre-pregnancy overweight, obesity, and excessive
GWG were associated with increased risks of large for gestational age [ORs 95% Cls =
1.87 (1.37-2.55), 2.98 (1.89-4.69), and 2.93 (2.07-4.13), respectively] and macrosomia
[ORs 95% Cls =2.06 (1.50-2.84), 2.89 (1.78-4.70), and 2.84 (1.98-4.06), respectively] at
birth and childhood overweight at 1-5 years old [ORs 95% Cls = 1.26 (0.92-1.73), 1.96
(1.24-3.09), and 1.59 (1.15-2.21), respectively].
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Conclusions

Offspring born to GDM mothers with pre-pregnancy overweight/obesity or excessive GWG
were associated with increased risks of large for gestational age and macrosomia at birth,
and childhood overweight at 1-5 years old, compared with those born to GDM mothers with
pre-pregnancy normal weight and adequate GWG.

Introduction

Obesity has progressed in a few decades from a public health footnote in developed countries
to a top-priority international issue, affecting all socioeconomic classes and age groups includ-
ing children younger than 5 years old [1, 2]. The prevalence of overweight or obesity has
increased substantially in children and adolescents: 23.8% (22.9-24.7) of boys and 22.6%
(21.7-23.6) of girls in the developed countries, and 12.9% (12.3-13.5) of boys and 13.4% (13.0-
13.9) of girls in the developing countries in 2013 [3]. Recent studies have shown that excessive
weight gain and/or overweight in the first several years of life are associated with increased
risks of subsequent obesity and unfavorable cardiometabolic outcomes in childhood, adoles-
cence, and adulthood [4-6]. Identifying risk factors in early prenatal and postnatal life related
to later obesity may lead to developing early intervention strategies for primordial obesity pre-
vention [4].

Maternal pre-pregnancy overweight and obesity have also increased nowadays [7, 8]. More-
over, approximately half of women in 2009 gained more weight than recommended by the
Institute of Medicine (IOM) guidelines worldwide [8]. Both maternal pre-pregnancy over-
weight/obesity and excessive gestational weight gain (GWG) would increase the risk of poor
maternal and fetal outcomes, including macrosomia and large for gestational age of neonates
[9-14]. A US longitudinal cohort study of children 2-12 years of age found that maternal pre-
pregnancy body mass index (BMI) was associated with both children early onset and late onset
overweight, while excessive maternal GWG was associated with children early onset over-
weight [15]. However, most of the studies focusing on the association of maternal pre-preg-
nancy BMI and GWG with childhood overweight status were conducted among general
women, and there is no direct evidence on the association of maternal pre-pregnancy BMI and
GWG of GDM mothers on their offspring overweight status at 1-5 years old. Studies have
found that offspring of mothers exposed to GDM were at increased risk of neonatal adiposity
and childhood obesity [16-18]. GDM is one of the most common complications in pregnancy,
affecting 2-10% of the pregnancies in the US [19], and Asian women compared with other
racial/ethnic groups in the US have a higher risk for GDM [20-23]. The aim of the present
study was to examine the single and joint associations of maternal pre-pregnancy BMI and
GWG according to the IOM guidelines with the offspring aged 1-5 years of GDM mothers.

Materials and Methods
Tianjin GDM screening project

Tianjin is the fourth largest city in Northern China. All pregnant women who live in six urban
districts have participated in the universal screening for GDM since 1999 [24] by using the

World Health Organization (WHO)’s GDM criteria [25]. Following the WHO’s GDM screen-
ing criteria, all pregnant women at 26-30 gestational weeks participate in a 1-hour oral glucose
tolerance test (OGTT) with 50-g glucose load. Women who had a glucose reading >7.8 mmol/
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1 were invited to undergo a 2-hour OGTT with a 75-g glucose load at the Tianjin Women’s and
Children’s Health Center. All women confirming either diabetes (plasma fasting glucose >7
mmol/l or 2-hour glucose >11.1 mmol/l) or impaired glucose tolerance (IGT) (2-hour glucose
>7.8 and <11.1 mmol/l) were regarded as having GDM [24]. From December 1998 to Decem-
ber 2009, a total of 128,125 pregnant women took part in the GDM screening program and
6,247 were diagnosed with GDM [26]. The average proportion of screened pregnancies was
over 91% during 1999-2009 [24].

Study samples

The sampling methods have been described previously in detail [26]. Since we had set up a
good health care registration system for GDM mothers’ health and contact information, all
pregnant women in six urban districts diagnosed with GDM between 2005 and 2009

(N = 4,644) were invited to participate in a postpartum baseline survey for the Tianjin Gesta-
tional Diabetes Mellitus Prevention Program from August 2009 to July 2011. Finally, 1263
GDM women and their children had completed the baseline survey for the TGDMPP from
August 2009 to July 2011 (participation rate 27%) [26-29]. Between the returned and unre-
turned GDM women, there were no differences at 26-30 gestational weeks OGTT test by age
(28.9 vs. 28.7 years), 2-hour glucose (9.23 vs. 9.16 mmol/l), fasting glucose (5.34 vs. 5.34 mmol/
1), and prevalence of IGT (90.7% vs. 91.8%) and diabetes (9.3% vs. 8.2%). The study was
approved by the Human Subjects Committee of the Tianjin Women’s and Children’s Health
Center, informed consent was obtained for each participant.

Examinations

At baseline survey, all GDM mothers and their children completed a self-administered ques-
tionnaire and underwent a physical examination that included anthropometric and blood pres-
sure measurements, a 2-hour glucose 75g OGTT (mothers only), and a fasting blood draw at
the Tianjin Women’s and Children’s Health Center. Health workers from the Tianjin Women’s
and Children’s Health Center collected and checked the completed questionnaire and also fin-
ished measurements. All health workers were intensively trained in meetings and in practical
sessions. The questionnaire included questions on the mother’s socio-demographics (age, mar-
ital status, education, income, and occupation); history of GDM (values of fasting and 2-hour
glucose in the OGTT at 26-30 gestational weeks from the Tianjin Women’s and Children’s
Health Center GDM diagnosis and treatment register system); family history of chronic dis-
eases; medical history (hypertension, diabetes, and hypercholesterolemia); pregnancy out-
comes (pre-pregnancy weight, weight gain during pregnancy, and number of children); dietary
habits (a self-administered food frequency questionnaire (FFQ) to measure the frequency and
quantity of intake of 33 major food groups and beverages during the past year) [30]; alcohol
intake; smoking habits; and physical activity [31].

We also asked the GDM children’s parents in advance to bring the child’s birth certificate
and filled in a self-administered questionnaire about the child’s birth date, sex, gestational
weeks of birth, birth weight, birth recumbent length, and Apgar score (above questions related
to birth were copied from birth certificate); as well as the mode and duration of infant feeding
(exclusive breast feeding, mixed breast and formula feeding, weaned from breast feeding, and
exclusive formula feeding), health characteristics (history of illness status and current health
status), dietary habits (usual habits of eating breakfast, lunch, and dinner, usual frequency of
intake of vegetables, fruits, sugar-sweetened beverages, and fast food), and other lifestyle habits
(duration of usual sleep, and television or computer viewing). This questionnaire has been
used in a longitudinal study in the same area of Tianjin [32, 33].
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For GDM mothers, body weight and height were measured using the standardized protocol
according to the WHO MONICA project [34]. Children’s body weight was measured with a
beam balance scale with participants wearing light indoor clothing without shoes, and height
was measured by a stadiometer. Weight was measured to the nearest 0.1 kg and height to the
nearest 0.1 cm. BMI was calculated by dividing weight in kilograms by the square of height in
meters. Maternal pre-pregnancy BMI was categorized as normal weight (BMI < 24 kg/m?),
overweight (BMI 24-27.9 kg/m?) and obesity (BMI >28 kg/m?) using the standard of Working
Group on Obesity in China [35]. Adequacy of GWG was classified according to the Chinese
maternal pre-pregnancy BMI classification standard and the 2009 IOM GWG recommenda-
tions: 12.5-18 kg (BMI <18.5 kg/m?), 11.5-16 kg (BMI 18.5-23.9 kg/m?), 7-11.5 kg (BMI
24.0-27.9 kg/mz), and 5-9 kg (BMI >28 kg/mz) (S1 Table) [36]. Inadequacy of GWG was
defined as below adequacy of GWG and excessive of GWG was defined as above the adequacy
of GWG. The 2009 IOM GWG recommendation has been widely used in Chinese pregnant
women [37].

Z scores for birth weight for gestational age and birth weight for length for gestational age
were calculated using our own study population means and standard deviations (n = 57,454) in
2009-2011 [38]. A large-for-gestational-age infant was defined as an infant having a standard-
ized birth weight >90" percentile. Macrosomia was defined as birth weight >4000 grams. At
baseline (1-5 years of offspring age), z scores for weight for age, height for age, weight for
length and BMI for age, and childhood overweight were calculated based on the standards for
the WHO growth reference [39]. Children’s overweight was defined as a BMI more than or
equal to the 85™ percentiles for age and gender using the WHO BMI growth reference (>1.035
Z score) [39].

Statistical analyses

The general characteristics of both GDM mothers and offspring according to different catego-
ries of maternal pre-pregnancy BMI and GWG were compared using one-way ANOVA and
chi-square test. General Linear Models were used to compare the differences in Z scores for
birth weight for gestational age and birth weight for length for gestational age, Z scores for
weight for age, height for age, weight for height and BMI for age at baseline survey, and changes
in Z scores for weight for age and weight for height from birth to baseline (1-5 years of oft-
spring age) according to different categories of maternal pre-pregnancy BMI and GWG. Logis-
tic regression was used to estimate the odd ratios (ORs) and 95% confidence intervals (95%
ClIs) of large for gestational age and macrosomia at birth, and childhood overweight at baseline
survey with maternal pre-pregnancy BMI and GWG categories. We set up two models: Model
1, adjusted for variables with significant differences according to maternal pre-pregnancy BMI
and gestational weight gain categories, including maternal age, family history of diabetes, edu-
cation, income, gestational diabetes treatment during pregnancy, gestational weeks of birth,
and infant feeding; Model 2, adjusted for variables in Model 1 and also for variables at birth,
including birth weight for gestational age Z-score or birth weight for length for gestational age
Z score. All statistical analyses were performed with SAS for Windows, version 9.3 (SAS Insti-
tute, Cary, NC).

Results

Maternal and offspring’s general characteristics were presented in Table 1. Of the 1263 GDM
mothers, the prevalence of pre-pregnancy normal weight, overweight and obesity were 65.2%,
26.5% and 8.3%, and the prevalence of inadequate, adequate and excessive GWG were 12.4%,
31.2% and 56.5%, respectively.
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Table 1. Characteristics of 1263 gestational diabetes mellitus mother-child pairs in Tianjin Gestational Diabetes Mellitus Prevention Program.

Pre-pregnancy BMI (kg/m?) P IOM categories ® P
<24 24-27.9 >28 Inadequate Adequate Excessive
No. of subjects 823 335 105 156 394 713
Maternal characteristics
Age (years) 32.3(35) 324(3.7) 325(3.6) 0.83 32.9(3.5) 32.7(3.6) 32.1(3.5) 0.002
Pre-pregnancy BMI 212(1.8) 256(1.1) 30.3(2.0) <0.001 21.7(27) 22.0(2.9) 24.0(3.4) <0.001
Fasting glucose at 26-30 gestational weeks (mmol/l) 5.25(0.8) 5.49(0.9) 5.99(1.7) <0.001 5.55 (1.3) 5.31 (0.9) 5.38(0.9) 0.032
2-hour glucose at 26—30 gestational weeks (mmol/l) 6.69 (2.2) 7.48(2.5) 8.80(3.4) <0.001 7.36(3.1) 7.03(2.5) 7.04(24) 0.32
Gestational diabetes treatment during pregnancy (%) <0.001 0.099
No 14.8 14.6 9.5 141 10.7 16.4
Lifestyle intervention 82.4 79.4 78.1 80.1 84.5 79.7
Insulin 2.8 6.0 124 5.8 4.8 3.9
Gestational weight gain
Means (kg) 16.8(5.8) 17.4(6.1) 14.6(6.5) <0.001 8.82(2.3) 13.5(2.5) 20.4(5.1) <0.001
Categories (%) <0.001
Inadequate 23.0 18.8 9.5 - - -
Adequate 40.2 30.7 28.6 - - -
Excessive 36.8 50.4 61.9 - - -
Current smoking (%) 1.7 1.8 4.8 010 1.9 25 4.5 0.12
Education (%) <0.001 <0.001
<13 years 19.5 25.4 37.1 22.4 16.5 25.8
13-16 years 721 67.8 61.0 69.2 72.5 68.9
>16 years 8.4 6.9 1.9 8.3 10.9 5.3
Family income (yuan/month) <0.001 0.20
<5000 235 34.6 36.2 29.5 23.9 29.1
5000-8000 37.7 34.6 38.1 34.6 36.5 37.6
>8000 38.8 30.7 25.7 35.9 39.6 33.3
Family history of diabetes (%) 34.3 39.0 38.1 027 364 32.7 375 0.29
Offspring characteristics
Newborn
Gestational weeks of birth (wks) 39.1(1.4) 389(1.6) 38.6(1.7) 0.005 38.9 (1.5) 39.1 (1.5) 39.0(1.5) 0.20
Sex (men %) 53.5 51.6 54.3 0.82 57.7 48.5 54.6 0.70
Birth weight (g) 3501 (493) 3608 (569) 3695 (574) <0.001 3273 (499) 3445 (463) 3662 (529) <0.001
Birth recumbent length (cm) 50.7 (2.0) 51.0(2.3) 51.0(1.8) 0.022 50.2 (2.1) 50.5(1.9) 51.1(2.1) <0.001
At baseline survey of 1-5 years old
Age (years) 2.28(0.9) 230(0.9) 2.24(0.9 0.81 2.21(0.9) 2.24(0.8) 2.33(0.9) 0.14
Weight (kg) 13.3(2.7) 13.7(29) 14.1(3.6) 0.005 13.1(2.8) 13.1 (2.6) 13.8(2.9) <0.001
Height (cm) 90.4 (8.4) 90.9(8.3) 90.8(9.1) 0.69 89.6(8.7) 89.8(8.2) 91.2(8.5) 0.014
Body mass index (kg/m?) 16.2(1.4) 165(1.5) 169(1.8) <0.001 16.1(1.3) 16.1(1.4) 165(1.6) <0.001
Breast feeding (%) 0.069 0.003
Exclusive breast feeding >6 months 41.3 40.1 41.0 29.5 45.7 40.9
Exclusive breast feeding <6 months 2.1 2.1 1.0 47.4 42.1 42.0
Mixed feeding 44.5 38.3 42.9 3.2 2.3 1.5
(Continued)
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Table 1. (Continued)

Pre-pregnancy BMI (kg/m?) P IOM categories ® P
<24 24-27.9 >28 Inadequate Adequate Excessive
Exclusive formula feeding 12.2 19.5 15.2 19.9 9.9 15.6

Baseline characteristics represent mean (SD) or percentage.

@ |OM categories: Inadequate (1): <12.5 kg (pre-pregnancy BMI <18.5 kg/m?), <11.5 kg (BMI 18.5-23.9 kg/m?), <7 kg (BMI 24.0-27.9 kg/m?), and <5 kg
(BMI >28 kg/m?); Adequate (1): 12.5-18 kg (BMI <18.5 kg/m?), 11.5-16 kg (BMI 18.5-23.9 kg/m?), 7—11.5 kg (BMI 24.0-27.9 kg/m?), and 5-9 kg (BMI
>28 kg/m?); Excessive (1): >18 kg (BMI <18.5 kg/m?), >16 kg (BMI 18.5-23.9 kg/m?), >11.5 kg (BMI 24.0-27.9 kg/m?), and >9 kg (BMI >28 kg/m?),
according to the Chinese maternal pre-pregnancy BMI classification standard and the 2009 IOM GWG recommendations.

doi:10.1371/journal.pone.0129536.t001

Maternal pre-pregnancy BMI and GWG were positively associated with birth weight for
gestational age Z score (S2 Table) and birth weight for length for gestational age Z score of neo-
nates (Table 2). Compared to offspring born to mothers with pre-pregnancy normal weight or
adequate GWG, offspring born to GDM mothers with pre-pregnancy overweight/obesity or
excessive GWG had larger mean values of z scores for birth weight for gestational age and birth
weight for length for gestational age (Model 1). Maternal pre-pregnancy overweight, obesity,
and excessive GWG were associated with increased risks of large for gestational age [ORs 95%
ClIs = 1.87 (1.37-2.55), 2.98 (1.89-4.69), and 2.93 (2.07-4.13), respectively] and macrosomia
[ORs 95% ClIs = 2.06 (1.50-2.84), 2.89 (1.78-4.70), and 2.84 (1.98-4.06), respectively] at birth,
compared with maternal pre-pregnancy normal weight and adequate GWG (Fig 1).

Maternal pre-pregnancy BMI and GWG were positively associated with weight for age Z
score, length/height for age Z score (S2 Table), and weight for length/height Z score at of 1-5
years old offspring (Table 2). After further adjustment for birth weight for gestational age Z-
score or birth weight for length for gestational age Z score (Model 2), offspring born to GDM
mothers with pre-pregnancy overweight, obesity, and excessive GWG had increased risks of
overweight at 1-5 years old [ORs 95% CIs = 1.26 (0.92-1.73), 1.96 (1.24-3.09), and 1.59 (1.15-
2.21), respectively], compared with those born to GDM mothers with pre-pregnancy normal
weight and adequate GWG (Fig 1).

When maternal pre-pregnancy BMI and GWG were examined as continuous variables,
ORs (95% Cls) of large for gestational age, macrosomia and childhood overweight were 1.14
(1.09-1.19), 1.17 (1.12-1.22) and 1.07 (1.03-1.19) with pre-pregnancy BMI, and 1.09 (1.07-
1.12), 1.09 (1.06-1.12) and 1.03 (1.01-1.06) with GWG, respectively.

The subgroup analyses of associations of large for gestational age, macrosomia and child-
hood overweight risks with pre-pregnancy obesity and excessive GWG were presented in
Table 3. When stratified according to maternal GDM category during pregnancy, the associa-
tions with pre-pregnancy obesity and excessive GWG tended to be stronger among offspring
born to mothers with pregnant Type 2 diabetes than those born to mothers with pregnant
impaired glucose tolerance. When stratified into two groups according to the median of oft-
spring age, the association of childhood overweight with maternal pre-pregnancy obesity
tended to be larger among older children, while the association of childhood overweight with
maternal excessive GWG tended to be smaller among older children.

We additionally examined the joint association of maternal pre-pregnancy BMI and GWG
with their offspring overweight status from birth to 1-5 years old by stratifying GDM mothers
into four groups: pre-pregnancy normal weight (BMI <24 kg/m?*) and non-excessive GWG,
pre-pregnancy overweight (BMI >24 kg/m?) and non-excessive GWG, pre-pregnancy normal
weight and excessive GWG, as well as pre-pregnancy overweight and excessive GWG (Table 4
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Table 2. Neonatal and childhood major outcomes at birth and 1-5 years old according to maternal pre-pregnancy body mass index and gesta-

tional weight gain categories.

No. of subjects
At birth ©

Birth weight for length for
gestational age Z score

At 1-5 years old
Weight for length/height Z score
Model 1 @

Model 2 °

Body mass index for age Z score
Model 1 2

Model 2 °

Change in weight for height Z
score from birth to 1-5 years old

Model 1 @
Model 2 °

Pre-pregnancy BMI (kg/m?) Poveran IOM categories Poverall

<24 24-27.9 >28 Inadequate Adequate Excessive

(Group A) (Group B) (Group C) (Group D) (Group E) (Group F)

823 335 105 156 394 713

0.09 (0.09) 0.38(0.10) * 0.69 (0.14) <0.001 -0.32(0.12) & 0.04 (0.10) 0.55 (0.09) T * <0.001
PON

0.38 (0.08) 0.60(0.09) * 0.84 (0.12) <0.001 0.33(0.11) 0.35 (0.09) 0.65 (0.08) T * <0.001
an

0.43 (0.08) 0.60(0.09) * 0.78 (0.12) <0.001 0.45(0.11) 0.41 (0.09) 0.61(0.08) T* <0.001
#

0.34 (0.08) 0.55(0.09) * 0.78 (0.13) <0.001 0.30 (0.11) 0.30 (0.09) 0.59 (0.09) T * <0.001
#A

0.38 (0.08) 0.54 (0.09) * 0.73(0.12) <0.001 0.40(0.11) 0.35 (0.09) 0.56 (0.08) T <0.001
#

0.29 (0.11) 0.22 (0.12) 0.15 (0.17) 0.53 0.65(0.14) & 0.31 (0.12) 0.10 (0.11) T# <0.001

0.08 (0.08) 0.25(0.09) * 0.42 (0.12) <0.001 0.09 (0.11) 0.05 (0.09) 0.26 (0.08) T <0.001
#

Data represent mean (SE), or percentage.
& Adjusted for maternal age, family history of diabetes, education, family income, gestational diabetes treatment during pregnancy, gestational weeks of

birth and infant feeding.

® Adjusted for above variables and also birth weight for length for gestational age Z score.

* P <0.05 for Groups of A and B;
# P<0.05 for groups of A and C;
" P<0.05 for groups of B and C;
&P for groups of D and E;

TP <0.05 for Groups of E and F;
* P<0.05 for groups of D and F.

doi:10.1371/journal.pone.0129536.t002

and S3 Table). The positive association between pre-pregnancy BMI and the risks of large for
gestational age and macrosomia at birth, and childhood overweight at baseline was found
among GDM women with non-excessive GWG and excessive GWG. Similarly, the positive
association between maternal GWG and the risks of large for gestational age and macrosomia

at birth, and childhood overweight at baseline was found among GDM women with pre-preg-
nancy normal weight and overweight. Compared with offspring born to GDM mothers with
pre-pregnancy normal weight and non-excessive GWG, offspring born to GDM mothers with
pre-pregnancy overweight and excessive GWG had the highest risks of large for gestational age
[ORs 95% CIs = 4.45 (3.05-6.49)] and macrosomia [ORs 95% CIs = 4.32 (2.93-6.36)] at birth
and childhood overweight at 1-5 years old [ORs 95% Cls = 1.75 (1.23-2.49)], offspring born to
GDM mothers with pre-pregnancy normal weight and excessive GWG had the higher risks of
large for gestational age [ORs 95% Cls = 3.02 (2.05-4.46)] and macrosomia [ORs 95%

CIs = 2.60 (1.75-3.87)] at birth and marginal higher risk of childhood overweight at 1-5 years
old [ORs 95% CIs = 1.31 (0.92-1.88)] (Fig 2).
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Table 3. Odds ratios (95% Cls) of large for gestational age and macrosomia at birth and overweight at 1-5 years old stratified by maternal GDM cat-
egory during pregnancy and offspring age.

Odds ratios (95% Cls) Pre-pregnancy BMI (kg/mz) Poverall IOM categories Poveran
<24 24-27.9 >28 Inadequate Adequate Excessive
Maternal GDM status during
pregnancy
Impaired glucose tolerance 761 297 88 142 353 651
Large for gestational age # 1.00 2.01 (1.45— 2.72 (1.65— <0.001 0.43 (0.20- 1.00 2.93 (2.03— <0.001
2.78) 4.48) 0.94) 4.23)
Macrosomia @ 1.00 2.26 (1.61— 2.76 (1.63— <0.001 0.52 (0.25— 1.00 2.78 (1.90— <0.001
3.16) 4.70) 1.12) 4.06)
Overweight ° 1.00 1.23(0.87— 2.13 (1.30- 0.011 1.36 (0.80- 1.00 1.60 (1.12— <0.001
1.72) 3.50) 2.32) 2.27)
Type 2 diabetes 62 38 17 14 41 62
Large for gestational age # 1.00 0.93 (0.30— 416 (1.17— 0.059 — 1.00 4.67 (1.43— 0.039
2.87) 14.8) 15.3)
Macrosomia @ 1.00 0.83(0.27— 2.66 (0.73— 0.24  0.87 (0.08- 1.00 5.05 (1.51— 0.019
2.57) 9.76) 10.0) 16.9)
Overweight ° 1.00 1.52(0.58— 1.85 (0.54— 052 0.71(0.14- 1.00 2.25 (0.82— 0.15
3.99) 6.35) 3.56) 6.13)
Offspring age °©
1.0-2.09 years old 415 163 52 87 208 335
Overweight ° 1.00 1.34(0.85— 1.41 (0.69— 0.37 1.26(0.61- 1.00 2.01 (1.24- 0.015
2.13) 2.88) 2.60) 3.25)
2.1-5.0 years old 408 172 53 69 186 378
Overweight ° 1.00 1.17(0.75— 2.77 (1.47- 0.007 1.43(0.70- 1.00 1.44 (0.90— 0.30
1.82) 5.22) 2.93) 2.29)

& Adjusted for maternal age, family history of diabetes, education, family income, gestational diabetes treatment during pregnancy, gestational weeks of
birth and infant feeding.

b Adjusted for above variables and also birth weight for length for gestational age Z score.

¢, The median of offspring age was 2.1 years old.

doi:10.1371/journal.pone.0129536.1003

Discussion

The present study indicated that offspring born to GDM mothers with pre-pregnancy over-
weight/obesity or excessive GWG were associated with increased risks of large for gestational
age and macrosomia at birth, which was consistent with previous studies [40-44]. Moreover,
the present study found for the first time that pre-pregnancy overweight/obesity and excessive
GWG of GDM mothers were positively associated with increased risks of childhood overweight
of their offspring at 1-5 years old.

It has been previously shown that among the general population, maternal pre-pregnancy
overweight/obesity and excessive GWG were associated with large birth weight and childhood
overweight of their offspring [9-15]. However, at what age this association becomes apparent
is unclear. Stunkard et al [45] suggested that the association of maternal pre-pregnancy over-
weight/obesity with childhood overweight did not emerge until at least 3—4 years of age. Li et al
[15] showed that children born to obese mothers were twice as likely to be obese by 2 years of
age. Another Chinese study from our team conducted in general population indicated that
maternal pre-pregnancy overweight/obesity and excessive GWG was associated with increased
risks of infancy (<1 year of age) overweight and obesity [46]. To our knowledge, there were no
corresponding studies targeting at the GDM women’s offspring aged younger than 5 years, and
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Table 4. Neonatal and childhood major outcomes at birth and 1-5 years old according to joint status of maternal pre-pregnancy body mass index
and gestational weight gain.

Maternal pre-pregnancy BMI (kg/m?) and gestational weight gain Poverall
Pre-pregnancy BMI <24/ Pre-pregnancy BMI >24/ Pre-pregnancy BMI <24/  Pre-pregnancy BMI >24/
non-excessive gestational non-excessive gestational excessive gestational excessive gestational
weight gain (Group AA) weight gain (Group BA) weight gain (Group AB) weight gain (Group BB)
No. of subjects 469 81 354 359
At birth @
Birth weight for length ~ -0.09 (0.10) -0.06 (0.15) 0.44 (0.11) #* 0.62 (0.10) &T* <0.001
for gestational age Z
score
At 1-5 years old
Weight for length/
height Z score
Model 1 2 0.30 (0.09) 0.48 (0.13) 0.53 (0.09) # 0.72 (0.09) &1+ <0.001
Model 2 ° 0.38 (0.09) 0.54 (0.13) 0.52 (0.09) 0.68 (0.09) &* <0.001
Body mass index for
age Z score
Model 1 2 0.26 (0.09) 0.43 (0.14) 0.49 (0.10) * 0.66 (0.09) &* <0.001
Model 2 © 0.33 (0.09) 0.49 (0.14) 0.48 (0.10) * 0.62 (0.09) & 0.001
Change in weight for
height Z score from
birth to 1-5 years old
Model 1 2 0.39 (0.12) 0.53 (0.18) 0.10 (0.13) ** 0.11 (0.12) &F <0.001
Model 2 ° 0.03 (0.09) 0.19 (0.13) 0.17 (0.09) 0.32 (0.09) &* <0.001

Data represent mean (SE), percentage or odd ratio (95% CI).

& Adjusted for maternal age, family history of diabetes, education, family income, gestational diabetes treatment during pregnancy, gestational weeks of
birth and infant feeding.

® Adjusted for above variables and also birth weight for length for gestational age Z score.

* P <0.05 for Groups of AA and BA;

# <0.05 for groups of AA and AB;

& for groups of AA and BB;

" P <0.05 for Groups of BA and AB;

T <0.05 for groups of BA and BB;

* for groups of AB and BB.

doi:10.1371/journal.pone.0129536.1004

it was unclear how early in life children born to pre-pregnancy overweight/obesity and exces-
sive GWG mothers with prior GDM began to express their risk of overweight. This study
showed for the first time that maternal pre-pregnancy overweight/obesity and excessive GWG
were positively associated with increased risks of childhood overweight at 1-5 years old.

We found that there were null or inverse associations of maternal pre-pregnancy over-
weight/obesity and excessive GWG with changes in weight for age Z score and weight for
height Z score from birth to 1-5 years old. However, after additionally adjusted for birth weight
for gestational age Z-score or birth weight for length for gestational age Z score, these associa-
tions became significant and positive. It was probably because birth size was another important
risk factor for obesity in later life. Child born to mothers with pre-pregnancy overweight/obe-
sity and excessive GWG seemed to grow faster in the first 1-5 years (change in z score for
weight for height) compared with those born to mothers with pre-pregnancy normal weight
and adequate GWG, after adjusted for birth size.
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Fig 2. Odds ratios (95% Cls) of large for gestational age and macrosomia at birth and overweight at
1-5 years old according to joint status of maternal pre-pregnancy body mass index and gestational
weight gain.

doi:10.1371/journal.pone.0129536.g002
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Our study also assessed the joint association of maternal pre-pregnancy BMI and GWG
with the risks of offspring overweight at birth and 1-5 years old at baseline survey. We found
that offspring born to GDM mothers with pre-pregnancy overweight/obesity and excessive
GWG presented the highest risk of macrosomia and large for gestational age at birth and over-
weight at 1-5 years old compared with those born to GDM mothers with pre-pregnancy nor-
mal weight and adequate GWG. Another important observation was that the associations of
maternal excessive GWG with macrosomia and large for gestational overweight of their off-
spring at birth were similar to that of maternal pre-pregnancy overweight/obesity, but the
effects of maternal excessive GWG on their offspring’s overweight status at 1-5 years old were
smaller than that of maternal pre-pregnancy overweight/obesity. This finding was confirmed
in the subgroup analyses that the association of childhood overweight with maternal pre-preg-
nancy obesity tended to be larger among older children, while the association of childhood
overweight with maternal excessive GWG tended to be smaller among older children. Previous
studies suggested that among the general population, maternal pre-pregnancy overweight was
a risk factor for both early onset overweight (persisted throughout childhood) and late onset
overweight (after age 8) of their offspring, while maternal excessive GWG was only associated
with the early onset overweight of their offspring [15]. Although offspring of mothers exposed
to GDM are at increased risk of neonatal adiposity and childhood obesity after 5 years old, it is
not clear whether the effect of GDM mothers with excessive GWG on offspring overweight will
begin to attenuate with the growth of offspring. Thus, future studies are needed to answer this
question.

In the present study, GDM women with pre-pregnancy obesity had a lower mean value of
GWG. Since it has been suggested that pre-pregnancy obese women may benefit from low
GWG [47], the IOM recommended lower optimal GWG for overweight/obese women. The
2009 IOM GWG recommendation has been widely used in Chinese pregnant women [37].
However, there were still a lot of women gaining more weight than the recommendation by the
IOM guidelines (more than one third of pre-pregnancy normal weight GDM women and more
than 50% of pre-pregnancy overweight/obese GDM women). Thus, a pregnancy lifestyle inter-
vention is needed to control weight gain during pregnancy, especially for those who are pre-
pregnancy overweight or obese.

There are several mechanisms that maternal pre-pregnancy overweight/obesity and exces-
sive GWG might confer the risk of overweight/obesity of their offspring, including the child’s
inheritance of genes susceptible to overweight/obesity [48], the intrauterine environment [49],
and the maternal role in shaping the child’s postnatal eating and activity environment. Future
studies are needed to distinguish among these possibilities.

Our study has several strengths, including use of GWG category instead of net weight gain,
a large number of GDM mother-child pairs, and adjustment for multiple prenatal and perinatal
factors in analyses. However, there were several limitations. First, the study was a retrospective
cohort which might produce recall bias. Second, the participation rate was only 27%. Although
there were no differences in age, 2-h glucose, fasting glucose, and the prevalence of IGT and
diabetes at 26-30 weeks’ gestation (based on OGTT) between those returned and those not
returned, whether there was a difference between the postpartum outcomes cannot be verified.
Third, even though our analyses adjusted for an extensive set of confounding factors, residual
confounding due to the measurement error in the assessment of confounding factors, unmea-
sured factors such as genetic and environmental factors of GDM mothers and their children,
cannot be excluded.
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Conclusions

In summary, we found that offspring born to GDM mothers with pre-pregnancy overweight/
obesity or excessive GWG had increased risks of large for gestational age and macrosomia at
birth, and childhood overweight at 1-5 years old, compared with those born to GDM mothers
with pre-pregnancy normal weight and adequate GWG.

Supporting Information

S1 Table. Recommendations for total weight gain during pregnancy by pre-pregnancy
body mass index according to the Chinese maternal pre-pregnancy BMI classification stan-
dard and the 2009 IOM GWG recommendations.

(DOCX)

S2 Table. Mean values of Z scores at birth and 1-5 years old according to maternal pre-
pregnancy body mass index and gestational weight gain categories.
(DOCX)

S3 Table. Mean values of Z scores at birth and 1-5 years old according to joint status of
maternal pre-pregnancy body mass index and gestational weight gain categories.
(DOCX)

Author Contributions

Conceived and designed the experiments: GH JL WL. Performed the experiments: SZ HL LW
GL NL. Analyzed the data: WL GH. Contributed reagents/materials/analysis tools: SZ HL LW.
Wrote the paper: WL. Revised the manuscript: AB LH LR.

References

1. WuY. Overweight and obesity in China. BMJ. 2006; 333(7564):362—3. Epub 2006/08/19. doi: 10.1136/
bmj.333.7564.362 PMID: 16916811; PubMed Central PMCID: PMC1550451.

2. Haidar YM, Cosman BC. Obesity epidemiology. Clinics in colon and rectal surgery. 2011; 24(4):205—
10. Epub 2012/12/04. doi: 10.1055/s-0031-1295684 PMID: 23204935; PubMed Central PMCID:
PMC3311487.

3. NgM, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. Global, regional, and national
prevalence of overweight and obesity in children and adults during 1980-2013: a systematic analysis
for the Global Burden of Disease Study 2013. Lancet. 2014; 384(9945):766—81. Epub 2014/06/02. doi:
10.1016/S0140-6736(14)60460-8 PMID: 24880830.

4. Baird J, Fisher D, Lucas P, Kleijnen J, Roberts H, Law C. Being big or growing fast: systematic review
of size and growth in infancy and later obesity. Bmj. 2005; 331(7522):929. Epub 2005/10/18.
bmj.38586.411273.E0 [pii] doi: 10.1136/bm|.38586.411273.E0 PMID: 16227306; PubMed Central
PMCID: PMC1261184.

5. Leunissen RW, Kerkhof GF, Stijnen T, Hokken-Koelega A. Timing and tempo of first-year rapid growth in
relation to cardiovascular and metabolic risk profile in early adulthood. Jama. 2009; 301(21):2234—42.
Epub 2009/06/06. 301/21/2234 [pii] doi: 10.1001/jama.2009.761 PMID: 19491185.

6. Belfort MB, Rifas-Shiman SL, Rich-Edwards J, Kleinman KP, Gillman MW. Size at birth, infant growth,
and blood pressure at three years of age. J Pediatr. 2007; 151(6):670—4. Epub 2007/11/24. S0022-
3476(07)00459-3 [pii] doi: 10.1016/j.jpeds.2007.05.010 PMID: 18035150; PubMed Central PMCID:
PMC2278009.

7. Kim SY, Dietz PM, England L, Morrow B, Callaghan WM. Trends in pre-pregnancy obesity in nine
states, 1993-2003. Obesity (Silver Spring). 2007; 15(4):986—93. Epub 2007/04/12. doi: 10.1038/0by.
2007.621 PMID: 17426334.

8. Promotion NCfCDPaH. Pregnancy Nutrition Surveillance 2011 Report.

9. Cedergren MI. Maternal morbid obesity and the risk of adverse pregnancy outcome. Obstetrics and
gynecology. 2004; 103(2):219-24. Epub 2004/02/03. doi: 10.1097/01.A0G.0000107291.46159.00
PMID: 14754687.

PLOS ONE | DOI:10.1371/journal.pone.0129536 June 22, 2015 13/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0129536.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0129536.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0129536.s003
http://dx.doi.org/10.1136/bmj.333.7564.362
http://dx.doi.org/10.1136/bmj.333.7564.362
http://www.ncbi.nlm.nih.gov/pubmed/16916811
http://dx.doi.org/10.1055/s-0031-1295684
http://www.ncbi.nlm.nih.gov/pubmed/23204935
http://dx.doi.org/10.1016/S0140-6736(14)60460-8
http://www.ncbi.nlm.nih.gov/pubmed/24880830
http://dx.doi.org/10.1136/bmj.38586.411273.E0
http://www.ncbi.nlm.nih.gov/pubmed/16227306
http://dx.doi.org/10.1001/jama.2009.761
http://www.ncbi.nlm.nih.gov/pubmed/19491185
http://dx.doi.org/10.1016/j.jpeds.2007.05.010
http://www.ncbi.nlm.nih.gov/pubmed/18035150
http://dx.doi.org/10.1038/oby.2007.621
http://dx.doi.org/10.1038/oby.2007.621
http://www.ncbi.nlm.nih.gov/pubmed/17426334
http://dx.doi.org/10.1097/01.AOG.0000107291.46159.00
http://www.ncbi.nlm.nih.gov/pubmed/14754687

@’PLOS ‘ ONE

Maternal Pre-Pregnancy BMI and GWG on Offspring's Weight

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

Sebire NJ, Jolly M, Harris JP, Wadsworth J, Joffe M, Beard RW, et al. Maternal obesity and pregnancy
outcome: a study of 287,213 pregnancies in London. Int J Obes Relat Metab Disord. 2001; 25(8):1175—
82. Epub 2001/07/31. doi: 10.1038/s}.ij0.0801670 PMID: 11477502.

Young TK, Woodmansee B. Factors that are associated with cesarean delivery in a large private prac-
tice: the importance of prepregnancy body mass index and weight gain. Am J Obstet Gynecol. 2002;
187(2):312-8; discussion 8—20. Epub 2002/08/24. PMID: 12193918.

Frederick 10, Williams MA, Sales AE, Martin DP, Killien M. Pre-pregnancy body mass index, gesta-
tional weight gain, and other maternal characteristics in relation to infant birth weight. Matern Child
Health J. 2008; 12(5):557—67. Epub 2007/08/24. doi: 10.1007/s10995-007-0276-2 PMID: 17713848.

Guelinckx I, Devlieger R, Beckers K, Vansant G. Maternal obesity: pregnancy complications, gesta-
tional weight gain and nutrition. Obes Rev. 2008; 9(2):140-50. Epub 2008/01/29. doi: 10.1111/j.1467-
789X.2007.00464.x PMID: 18221480.

Nohr EA, Vaeth M, Baker JL, Sorensen T, Olsen J, Rasmussen KM. Combined associations of pre-
pregnancy body mass index and gestational weight gain with the outcome of pregnancy. Am J Clin
Nutr. 2008; 87(6):1750-9. Epub 2008/06/11. PMID: 18541565.

Li C, Goran MI, Kaur H, Nollen N, Ahluwalia JS. Developmental trajectories of overweight during child-
hood: role of early life factors. Obesity (Silver Spring). 2007; 15(3):760-71. Epub 2007/03/21. doi: 10.
1038/0by.2007.585 PMID: 17372328.

Dabelea D. The predisposition to obesity and diabetes in offspring of diabetic mothers. Diabetes Care.
2007; 30 Suppl 2:5169-74. Epub 2008/02/27. doi: 10.2337/dc07-s211 PMID: 17596467.

Hillier TA, Pedula KL, Schmidt MM, Mullen JA, Charles MA, Pettitt DJ. Childhood obesity and metabolic
imprinting: the ongoing effects of maternal hyperglycemia. Diabetes Care. 2007; 30(9):2287-92. Epub
2007/05/24. doi: 10.2337/dc06-2361 PMID: 17519427.

Pettitt DJ, McKenna S, McLaughlin C, Patterson CC, Hadden DR, McCance DR. Maternal glucose at
28 weeks of gestation is not associated with obesity in 2-year-old offspring: the Belfast Hyperglycemia
and Adverse Pregnancy Outcome (HAPO) family study. Diabetes Care. 2010; 33(6):1219-23. Epub
2010/03/11. doi: 10.2337/dc09-2384 PMID: 20215449; PubMed Central PMCID: PMC2875426.

Hunt KJ, Schuller KL. The increasing prevalence of diabetes in pregnancy. Obstet Gynecol Clin North
Am. 2007; 34(2):173-99, vii. Epub 2007/06/19. doi: 10.1016/j.09c.2007.03.002 PMID: 17572266;
PubMed Central PMCID: PMC2043158.

Chu SY, Abe K, Hall LR, Kim SY, Njoroge T, Qin C. Gestational diabetes mellitus: all Asians are not
alike. Prev Med. 2009; 49(2—-3):265-8. Epub 2009/07/15. doi: 10.1016/j.ypmed.2009.07.001 PMID:
19596364.

Ferrara A, Kahn HS, Quesenberry CP, Riley C, Hedderson MM. An increase in the incidence of gesta-
tional diabetes mellitus: Northern California, 1991-2000. Obstetrics and gynecology. 2004; 103
(3):526-33. Epub 2004/03/03. doi: 10.1097/01.AOG.0000113623.18286.20 PMID: 14990417.

Dabelea D, Snell-Bergeon JK, Hartsfield CL, Bischoff KJ, Hamman RF, McDuffie RS. Increasing preva-
lence of gestational diabetes mellitus (GDM) over time and by birth cohort: Kaiser Permanente of Colo-
rado GDM Screening Program. Diabetes Care. 2005; 28(3):579-84. Epub 2005/03/01. PMID: 15735191.

Wang Y, Chen L, Xiao K, Horswell R, Besse J, Johnson J, et al. Increasing incidence of gestational dia-
betes mellitus in Louisiana, 1997—2009. J Womens Health (Larchmt). 2012; 21(3):319-25. Epub 2011/
10/26. doi: 10.1089/jwh.2011.2838 PMID: 22023415.

Zhang F, Dong L, Zhang CP, Li B, Wen J, Gao W, et al. Increasing prevalence of gestational diabetes
mellitus in Chinese women from 1999 to 2008. Diabet Med. 2011; 28(6):652—7. Epub 2011/05/17. doi:
10.1111/j.1464-5491.2010.03205.x PMID: 21569085.

WHO Consultation. Definition, diagnosis and classification of diabetes mellitus and its complications.
Part 1: diagnosis and classification of diabetes mellitus. Geneva: World Health Organisation; 1999.

Hu G, Tian H, Zhang F, Liu H, Zhang C, Zhang S, et al. Tianjin Gestational Diabetes Mellitus Prevention
Program: study design, methods, and 1-year interim report on the feasibility of lifestyle intervention pro-
gram. Diabetes Res Clin Pract. 2012; 98(3):508—17. Epub 2012/09/27. doi: 10.1016/j.diabres.2012.09.
015 PMID: 23010556.

Li W, Zhang S, Liu H, Wang L, Zhang C, Leng J, et al. Different associations of diabetes with beta-cell
dysfunction and insulin resistance among obese and nonobese Chinese women with prior gestational
diabetes mellitus. Diabetes Care. 2014; 37(9):2533-9. Epub 2014/06/11. doi: 10.2337/dc14-0573
PMID: 24914241.

Liu H, Zhang C, Zhang S, Wang L, Leng J, Liu D, et al. Prepregnancy body mass index and weight
change on postpartum diabetes risk among gestational diabetes women. Obesity (Silver Spring). 2014;
22(6):1560—7. Epub 2014/03/13. doi: 10.1002/0by.20722 PMID: 24616432.

PLOS ONE | DOI:10.1371/journal.pone.0129536 June 22, 2015 14/15


http://dx.doi.org/10.1038/sj.ijo.0801670
http://www.ncbi.nlm.nih.gov/pubmed/11477502
http://www.ncbi.nlm.nih.gov/pubmed/12193918
http://dx.doi.org/10.1007/s10995-007-0276-2
http://www.ncbi.nlm.nih.gov/pubmed/17713848
http://dx.doi.org/10.1111/j.1467-789X.2007.00464.x
http://dx.doi.org/10.1111/j.1467-789X.2007.00464.x
http://www.ncbi.nlm.nih.gov/pubmed/18221480
http://www.ncbi.nlm.nih.gov/pubmed/18541565
http://dx.doi.org/10.1038/oby.2007.585
http://dx.doi.org/10.1038/oby.2007.585
http://www.ncbi.nlm.nih.gov/pubmed/17372328
http://dx.doi.org/10.2337/dc07-s211
http://www.ncbi.nlm.nih.gov/pubmed/17596467
http://dx.doi.org/10.2337/dc06-2361
http://www.ncbi.nlm.nih.gov/pubmed/17519427
http://dx.doi.org/10.2337/dc09-2384
http://www.ncbi.nlm.nih.gov/pubmed/20215449
http://dx.doi.org/10.1016/j.ogc.2007.03.002
http://www.ncbi.nlm.nih.gov/pubmed/17572266
http://dx.doi.org/10.1016/j.ypmed.2009.07.001
http://www.ncbi.nlm.nih.gov/pubmed/19596364
http://dx.doi.org/10.1097/01.AOG.0000113623.18286.20
http://www.ncbi.nlm.nih.gov/pubmed/14990417
http://www.ncbi.nlm.nih.gov/pubmed/15735191
http://dx.doi.org/10.1089/jwh.2011.2838
http://www.ncbi.nlm.nih.gov/pubmed/22023415
http://dx.doi.org/10.1111/j.1464-5491.2010.03205.x
http://www.ncbi.nlm.nih.gov/pubmed/21569085
http://dx.doi.org/10.1016/j.diabres.2012.09.015
http://dx.doi.org/10.1016/j.diabres.2012.09.015
http://www.ncbi.nlm.nih.gov/pubmed/23010556
http://dx.doi.org/10.2337/dc14-0573
http://www.ncbi.nlm.nih.gov/pubmed/24914241
http://dx.doi.org/10.1002/oby.20722
http://www.ncbi.nlm.nih.gov/pubmed/24616432

@’PLOS ‘ ONE

Maternal Pre-Pregnancy BMI and GWG on Offspring's Weight

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

42,

43.

44.

45.

46.

47.

48.

49.

Wang L, Liu H, Zhang S, Leng J, Liu G, Zhang C, et al. Obesity index and the risk of diabetes among
Chinese women with prior gestational diabetes. Diabet Med. 2014; 31(11):1368-77. Epub 2014/06/26.
doi: 10.1111/dme.12532 PMID: 24961948.

LiYP, He YN, Zhai FY, Yang XG, Hu XQ, WH Z, et al. Comparison of assessment of food intakes by
using 3 dietary survey methods. Chin J Prev Med. 2006; 40:273-79.

Ma G, Luan D, Li Y, Liu A, Hu X, Cui Z, et al. Physical activity level and its association with metabolic
syndrome among an employed population in China. Obes Rev. 2008; 9 Suppl 1:113-8. Epub 2008/03/
01.doi: 10.1111/1.1467-789X.2007.00451.x PMID: 18307712.

Zhang X, Liu E, Tian Z, Wang W, Ye T, Liu G, et al. High birth weight and overweight or obesity among
Chinese children 3-6 years old. Prev Med. 2009; 49:172—-8. Epub 2009/07/28. S0091-7435(09)00347-
8 [pii] doi: 10.1016/j.ypmed.2009.07.013 PMID: 19632265.

Bowers K, Liu G, Wang P, Ye T, Tian Z, Liu E, et al. Birth weight, postnatal weight change, and risk for
high blood pressure among chinese children. Pediatrics. 2011; 127(5):e1272—-9. Epub 2011/04/20. doi:
10.1542/peds.2010-2213 PMID: 21502227; PubMed Central PMCID: PMC3387869.

Pajak A, Kuulasmaa K, Tuomilehto J, Ruokokoski E. Geographical variation in the major risk factors of
coronary heart disease in men and women aged 35—64 years. The WHO MONICA Project. World
Health Stat Q. 1988; 41(3-4):115-40. PMID: 3232405.

Chen C, Lu FC. The guidelines for prevention and control of overweight and obesity in Chinese adults.
Biomedical and environmental sciences: BES. 2004; 17 Suppl:1-36. Epub 2005/04/06. PMID: 15807475.

In: Rasmussen KM, Yaktine AL, editors. Weight Gain During Pregnancy: Reexamining the Guidelines.
The National Academies Collection: Reports funded by National Institutes of Health. Washington (DC)
2009.

Yang YD, Yang HX. [Investigation into the clinical suitability of Institute of Medicine 2009 guidelines
regarding weight gain during pregnancy for women with full term singleton fetus in China]. Zhonghua fu
chan ke za zhi. 2012; 47(9):646-50. Epub 2012/11/13. PMID: 23141284.

ChenY, Liang W, Yang S, Wu N, Gao H, Sheng J, et al. Human infections with the emerging avian influ-
enza A H7N9 virus from wet market poultry: clinical analysis and characterisation of viral genome. Lancet.
2013; 381(9881):1916-25. Epub 2013/04/30. doi: 10.1016/S0140-6736(13)60903-4 PMID: 23623390.

World Health Organization. The WHO Child Growth Standards. Available from: http://www.who.int/
childgrowth/standards/en/. 2006.

Most O, Langer O. Gestational diabetes: maternal weight gain in relation to fetal growth, treatment
modality, BMI and glycemic control. J Matern Fetal Neonatal Med. 2012; 25(11):2458-63. Epub 2011/
12/22. doi: 10.3109/14767058.2011.650250 PMID: 22185433.

Kim SY, Sharma AJ, Sappenfield W, Wilson HG, Salihu HM. Association of maternal body mass index,
excessive weight gain, and gestational diabetes mellitus with large-for-gestational-age births. Obstet
Gynecol. 2014; 123(4):737—-44. Epub 2014/05/03. doi: 10.1097/A0G.0000000000000177 PMID:
24785599.

Harper LM, Tita A, Biggio JR. The Institute of Medicine Guidelines for Gestational Weight Gain after a
Diagnosis of Gestational Diabetes and Pregnancy Outcomes. Am J Perinatol. 2014. Epub 2014/06/28.
doi: 10.1055/s-0034-1383846 PMID: 24971568.

Bowers K, Laughon SK, Kiely M, Brite J, Chen Z, Zhang C. Gestational diabetes, pre-pregnancy obe-
sity and pregnancy weight gain in relation to excess fetal growth: variations by race/ethnicity. Diabetolo-
gia. 2013; 56(6):1263—71. Epub 2013/04/11. doi: 10.1007/s00125-013-2881-5 PMID: 23571827.

Berggren EK, Stuebe AM, Boggess KA. Excess Maternal Weight Gain and Large for Gestational Age
Risk among Women with Gestational Diabetes. Am J Perinatol. 2014. Epub 2014/06/28. doi: 10.1055/
$-0034-1383848 PMID: 24971567.

Stunkard AJ, Berkowitz R, Stallings VA, Cater JR. Weights of parents and infants: is there a relation-
ship? Int J Obes Relat Metab Disord. 1999; 23(2):159-62. Epub 1999/03/17. PMID: 10078850.

LiN, Liu E, Guo J, Pan L, Li B, Wang P, et al. Maternal prepregnancy body mass index and gestational
weight gain on offspring overweight in early infancy. PLoS One. 2013; 8(10):e77809. Epub 2013/11/10.
doi: 10.1371/journal.pone.0077809 PMID: 24204979; PubMed Central PMCID: PMC3817352.

Cedergren MI. Optimal gestational weight gain for body mass index categories. Obstetrics and gynecol-
ogy. 2007; 110(4):759-64. Epub 2007/10/02. doi: 10.1097/01.A0G.0000279450.85198.b2 PMID:
17906006.

Chagnon YC, Rankinen T, Snyder EE, Weisnagel SJ, Perusse L, Bouchard C. The human obesity
gene map: the 2002 update. Obesity research. 2003; 11(3):313-67. Epub 2003/03/14. doi: 10.1038/
oby.2003.47 PMID: 12634430.

Oken E, Gillman MW. Fetal origins of obesity. Obesity research. 2003; 11(4):496-506. Epub 2003/04/
12. doi: 10.1038/0by.2003.69 PMID: 12690076.

PLOS ONE | DOI:10.1371/journal.pone.0129536 June 22, 2015 15/15


http://dx.doi.org/10.1111/dme.12532
http://www.ncbi.nlm.nih.gov/pubmed/24961948
http://dx.doi.org/10.1111/j.1467-789X.2007.00451.x
http://www.ncbi.nlm.nih.gov/pubmed/18307712
http://dx.doi.org/10.1016/j.ypmed.2009.07.013
http://www.ncbi.nlm.nih.gov/pubmed/19632265
http://dx.doi.org/10.1542/peds.2010-2213
http://www.ncbi.nlm.nih.gov/pubmed/21502227
http://www.ncbi.nlm.nih.gov/pubmed/3232405
http://www.ncbi.nlm.nih.gov/pubmed/15807475
http://www.ncbi.nlm.nih.gov/pubmed/23141284
http://dx.doi.org/10.1016/S0140-6736(13)60903-4
http://www.ncbi.nlm.nih.gov/pubmed/23623390
http://www.who.int/childgrowth/standards/en/
http://www.who.int/childgrowth/standards/en/
http://dx.doi.org/10.3109/14767058.2011.650250
http://www.ncbi.nlm.nih.gov/pubmed/22185433
http://dx.doi.org/10.1097/AOG.0000000000000177
http://www.ncbi.nlm.nih.gov/pubmed/24785599
http://dx.doi.org/10.1055/s-0034-1383846
http://www.ncbi.nlm.nih.gov/pubmed/24971568
http://dx.doi.org/10.1007/s00125-013-2881-5
http://www.ncbi.nlm.nih.gov/pubmed/23571827
http://dx.doi.org/10.1055/s-0034-1383848
http://dx.doi.org/10.1055/s-0034-1383848
http://www.ncbi.nlm.nih.gov/pubmed/24971567
http://www.ncbi.nlm.nih.gov/pubmed/10078850
http://dx.doi.org/10.1371/journal.pone.0077809
http://www.ncbi.nlm.nih.gov/pubmed/24204979
http://dx.doi.org/10.1097/01.AOG.0000279450.85198.b2
http://www.ncbi.nlm.nih.gov/pubmed/17906006
http://dx.doi.org/10.1038/oby.2003.47
http://dx.doi.org/10.1038/oby.2003.47
http://www.ncbi.nlm.nih.gov/pubmed/12634430
http://dx.doi.org/10.1038/oby.2003.69
http://www.ncbi.nlm.nih.gov/pubmed/12690076

