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Abstract

Objective: The aim of the present study was to evaluate the single and joint associations of maternal prepregnancy body
mass index (BMI) and gestational weight gain (GWG) with pregnancy outcomes in Tianjin, China.

Methods: Between June 2009 and May 2011, health care records of 33,973 pregnant women were collected and their
children were measured for birth weight and birth length. The independent and joint associations of prepregnancy BMI and
GWG based on the Institute of Medicine (IOM) guidelines with the risks of pregnancy and neonatal outcomes were
examined by using Logistic Regression.

Results: After adjustment for all confounding factors, maternal prepregnancy BMI was positively associated with risks of
gestational diabetes mellitus (GDM), pregnancy-induced hypertension, caesarean delivery, preterm delivery, large-for-
gestational age infant (LGA), and macrosomia, and inversely associated with risks of small-for-gestational age infant (SGA)
and low birth weight. Maternal excessive GWG was associated with increased risks of pregnancy-induced hypertension,
caesarean delivery, LGA, and macrosomia, and decreased risks of preterm delivery, SGA, and low birth weight. Maternal
inadequate GWG was associated with increased risks of preterm delivery and SGA, and decreased risks of LGA and
macrosomia, compared with maternal adequate GWG. Women with both prepregnancy obesity and excessive GWG had
2.2-5.9 folds higher risks of GDM, pregnancy-induced hypertension, caesarean delivery, LGA, and macrosomia compared
with women with normal prepregnancy BMI and adequate GWG.

Conclusions: Maternal prepregnancy obesity and excessive GWG were associated with greater risks of pregnancy-induced
hypertension, caesarean delivery, and greater infant size at birth. Health care providers should inform women to start the
pregnancy with a BMI in the normal weight category and limit their GWG to the range specified for their prepregnancy BMI.
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Introduction

Improvements of maternal, fetal, and child health are key public
health goals. In recent years, maternal prepregnancy body mass
index (BMI) has increased among the childbearing age women in
developed countries [1]. It has been shown that women who are
overweight or obese at the start of pregnancy are at increased risks
of poor maternal and child health outcomes. Several recent studies
reported that prepregnancy BMI was positively associated with
infant birth weight [2,3]. Furthermore, women who gain weight
excessively or inadequately during pregnancy are at increased risks
of poor maternal and child health outcomes [4-6]. Weight gain
during pregnancy within the recommended range (11 to 40
pounds) remained constant during the last 10 years [7]. Several
studies have shown that maternal excessive gestational weight gain
(GWG) was associated with increased risks of pregnancy-induced
hypertension, gestational diabetes mellitus (GDM), caesarean
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delivery and large for gestational age infant, and maternal
inadequate GWG was associated with increased risks of low birth
weight and small for gestational age infant [4-6]. The Danish
National Birth Cohort found that excessive GWG increased risks
of caesarean delivery and large for gestational age infant, and
madequate GWG increased the risk of having a small baby [3].
In 2009, the Institute of Medicine (IOM) published new
recommendations for weight gain during pregnancy [8]. A recent
US study reported that 73% of pregnant women had excessive
GWG according to 2009 IOM guidelines [9]. The IOM guidelines
based on different prepregnancy BMI are not only suitable for
women in developed countries, but also suitable for Chinese
women [10]. It has been shown that being prepregnancy
overweight or obese and having an excessive GWG, as well as
being underweight and having an inadequate GWG, were
associated with increased risks for adverse pregnancy outcomes
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in women from China and other countries as well [11]. However,
few studies estimated the joint associations of maternal prepreg-
nancy BMI and GWG with pregnancy outcomes [3,9]. Therefore,
the aim of the present study was to evaluate the single and joint
associations of maternal prepregnancy BMI and GWG with
pregnancy outcomes in Tianjin, China.

Methods
Study Sample

Tianjin is the fourth largest city with over 12.9 million residents
in northern China, and 4.3 million residents live in six central
urban districts. Tianjin consists of 16 county-level administrative
areas, including six central urban districts, one new urban district,
and nine counties that govern towns and rural areas. The prenatal
care and children health care in six central urban districts are a
routine of a three-tier care system consisting of approximately 65
primary hospitals, 6 district-level Women’s and Children’s Health
Centers (also including secondary hospitals), and a city-level
(Tianjin) Women’s and Children’s Health Center (also including
tertiary hospitals). In Tianjin, all pregnant women are registered at
the primary hospitals, and in the 32" gestational week, they are
referred to a secondary hospital or a tertiary hospital for
management till delivery. All children are given health examina-
tions in the postnatal period, infancy, and at preschool. Tianjin
Women and Children’s Health Center is the leader of the 3-tier
care system and responsible for organization, co-ordination and
implementation of women and child health care, research and
promotion projects.

Health care records for both pregnant women and their
children have been collected and available in electronic form since
2009 [12,13]. Pregnant Women Health Records start within the
first 12 weeks of pregnancy, and include general information (age,
occupation, education, date of first visit, numbers of pregnancy/
infants, last menstrual period, expected delivery date, smoking
habits, etc), history of diseases, family history of diseases, clinical
measurements (height, weight, blood pressure, gynaecological
examinations, ultrasonography, GDM screening test and other lab
tests), complications during pregnancy, pregnancy outcomes
(delivery modes, labor complications, etc), and postnatal period
examinations (<42 days after delivery) [13]. Children Health
Records include information from newborns (date of birth, sex,
gestational weeks of birth, birth weight, birth recumbent length,
Apgar score, etc), postnatal period (<42 days after birth) (names of
the child and his/her parents, family history of diseases, feeding
modalities, weight, and recumbent length) [13]. We collected
43,854 records of both mothers and their infants who were born in
the central urban districts between June 2009 and May 2011. The
present study included 33,973 mother-child pairs (77.5%) with all
information and clinical measurements after excluding multiple
births (n=987), stillbirth (n=143), multiparous women (n=2),
and mother-child pairs missing any variables required for this
analysis (n=8,749). Compared with mothers excluded in the
present study, the mothers included were younger (27.6 vs. 27.8
years old) and had a lower prepregnancy BMI (22.1 vs. 22.6 kg/
m?). The study and analysis plan was approved by the Tianjin
Women’s and Children’s Health Center Institutional Review
Board. Tianjin Women’s and Children’s Health Center has agreed
to waive the need for written informed consent from all
participants involved in our study because we use the electronic
dataset from health care records.
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Measurements

Mothers’ anthropometric data were collected during the
pregnancy by specially trained gynecologists in the primary
hospitals by using the same devices. Weight and height were
measured in light clothing and no shoes using a beam balance
scale (RGZ-120, Jiangsu Suhong Medical Instruments Co.,
China). Blood pressure was measured using a standardized
mercury sphygmomanometer (XJ11D, Shanghai Medical Instru-
ments Co., China). Weight was measured to the nearest 0.01 kg
using a digital scale (TCS-60, Tianjin Weighing Apparatus Co.,
China). Length was measured to the nearest 0.1 cm using a
recumbent length stadiometer (YSC-2, Beijing Guowangxingda,
China). We have done a validity study to compare the electronic
data of measurements of birth weight and hospitals’ measurements
of birth weight among 454 children in six major hospitals. The
correlation between two measurements is 0.991. We have also
done a validity study to compare the electronic data of
measurements of height and weight with the same visit’s
measurements of height and weight by trained health workers
among 200 pregnancy women in four different local health
centers. The correlations between electronic data and measure-
ment data are 0.998 for body weight and 0.997 for height in these
pregnancy women.

Body mass index (BMI) was calculated by dividing weight in
kilograms by the square of height in meters. Prepregnancy BMI
was categorized as underweight (BMI<18.5 kg/m?), normal-
weight  (18.5 kg/m?<BMI<24 kg/m?), overweight (24 kg/
m?<BMI<28 kg/m?, or obese (BMI=28 kg/m?) using the
standard of Working Group on Obesity in China[l4]. The
Chinese BMI classification standard was used due to the best
sensitivity and specificity for identifying risk factors including
hypertension, type 2 diabetes, and dyslipidemia in the Chinese
population [15-17]. The prepregnancy BMI was calculated using
the weight and height recorded at the first prenatal visit within the
first 12 weeks of pregnancy. A previous study reported that there
was a high correlation between self-reported prepregnancy weight
and weight recorded at the first visit [18]. Weight gain of mothers
during pregnancy was calculated as the difference between
prepregnancy and delivery weight. Adequacy of GWG was
defined according to the Chinese maternal prepregnancy BMI
status and the 2009 IOM GWG recommendations (1): 12.5-18 kg
(prepregnancy 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?) [8]. We used the translation of US IOM
GWG recommendations because no official recommendations
exist in China.

We considered the risks of GDM, pregnancy-induced hyper-
tension, caesarean section, preterm birth (preterm delivery), large
for gestational age infant, small for gestational age infant,
macrosomia and low birth weight as pregnancy complications
and pregnancy outcomes. GDM was diagnosed based on a 75-g 2-
hour oral glucose tolerance test (OGTT) at pregnancy 24-28
weeks [19]. Women with impaired glucose tolerance (IGT) (fasting
glucose <126 mg/dL and 2-hour glucose =140 and <200 mg/
dL) and diabetes (fasting glucose =126 mg/dL or 2-hour glucose
=200 mg/dL) were defined as GDM according to WHO
diagnostic criteria [20]. Pregnancy-induced hypertension was
diagnosed by a systolic blood pressure =140 mmHg or diastolic
blood pressure =90 mmHg in the 3™ trimester or using
antihypertensive drugs [21]. Preterm delivery was defined as
gestational weeks of delivery <37 weeks. Z scores for birth weight
for gestational age, and birth length for gestational age were
calculated using our own study population means and standard
deviations. A small-for-gestational-age (SGA) infant was defined as
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an infant having a standardized birth weight <10th percentile,
whereas a large-for-gestational-age (LGA) infant was defined as an
infant having a standardized birth weight >90th percentile.
Neonatal outcomes also included low birth weight (birth weight
<2500 g) and macrosomia (birth weight =4000 g).

Statistical analyses

The general characteristics of both mothers and children based
on different categories of maternal prepregnancy BMI and GWG
were compared using the General Linear Model and chi-square
test. Logistic regression was used to assess the single and joint
associations of maternal prepregnancy BMI and GWG with the
risks of pregnancy and neonatal outcomes. The analyses were
adjusted for maternal age, maternal height, maternal education,
smoking, family income, maternal occupation, gestational age, and
birth weight (if needed). The significance of the trend over
different categories of maternal prepregnancy BMI and GWG
categories was tested in the same models by giving an ordinal
numeric value for each dummy variable. The criterion for
statistical significance was <0.05 (for two-sided tests). All statistical
analyses were performed with PASW for Windows, version 20.0
(Statistics 20, SPSS, IBM, USA)

Results

The general characteristics of both mothers and children based
on maternal prepregnancy BMI and GWG categories are
presented in Table 1. Mothers who were overweight or obese
before pregnancy were older, and had a lower education level and
a lower family income compared with mothers with prepregnancy
normal weight. Compared with mothers with adequate GWG,
mothers with excessive GWG were younger, had a higher
prepregnancy BMI, and reported a lower education level, and
mothers with inadequate GWG reported a lower education level
and a lower family income.

Table 2 shows the relative risks of maternal outcomes by single
and joint effects of maternal prepregnancy BMI and GWG.
Numbers of subjects of maternal outcomes by joint effects of
maternal prepregnancy BMI and weight gain during pregnancy
are presented in Table S1. After adjustment for all confounding
factors, maternal prepregnancy BMI was positively associated with
risks of GDM, pregnancy-induced hypertension, caesarean deliv-
ery, and preterm delivery. Maternal excessive GWG was
associated with increased risks of pregnancy-induced hypertension
and caesarean delivery, and a decreased risk of preterm delivery,
and maternal inadequate GWG was associated with an increased
risk of preterm delivery, compared with maternal adequate GWG.
In the joint analyses of maternal prepregnancy BMI and GWG
with maternal outcomes, the positive associations of prepregnancy
BMI with the risks of GDM, pregnancy-induced hypertension,
caesarean delivery, and preterm delivery were consistent in
subjects with different levels of GWG. Women with both
prepregnancy obesity and excessive GWG or adequate GWG
had the highest (2.2-7.1 folds) risks of GDM, pregnancy-induced
hypertension, and caesarean delivery compared with women with
normal prepregnancy BMI and adequate GWG.

Table 3 shows that the relative risks of neonatal outcomes by
single and joint effects of maternal prepregnancy BMI and GWG.
Numbers of subjects of neonatal outcomes by joint effects of
maternal prepregnancy BMI and weight gain during pregnancy
are presented in Table S1. After adjustment for all confounding
factors, maternal prepregnancy BMI was positively associated with
risks of LGA and macrosomia, and inversely associated with risks
of SGA and low birth weight. Maternal excessive GWG was
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associated with increased risks of infant LGA and macrosomia,
and decreased risks of infant SGA and low birth weight, and
maternal inadequate GWG was associated with an increased risk
of infant SGA, and decreased risks of infant LGA and macrosomia
at birth, compared with maternal adequate GWG. The positive
assocliations of maternal prepregnancy BMI with the risks of infant
LGA and macrosomia, and the inverse associations of maternal
prepregnancy BMI with the risks of infant SGA and low birth
weight were consistent in mothers with different levels of GWG
except in obese mothers with inadequate and adequate GWG.
Infants born to mothers with prepregnancy obesity and excessive
GWG had the highest (4.0-4.1 folds) risk of LGA and
macrosomia, infants born to mothers with both prepregnancy
lean (BMI<18.5) and inadequate GWG had the highest (2.2 folds)
risk of SGA, compared with those children born to mothers with
both prepregnancy normal weight and adequate GWG.

Discussion

The present study indicated that maternal prepregnancy obesity
and excessive GWG were associated with greater risks of
pregnancy-induced hypertension, caesarean delivery, and greater
infant size at birth. Meanwhile, maternal prepregnancy under-
weight was associated with increased risks of infant SGA and low
birth weight, and maternal inadequate GWG was associated with
increased risks of infant preterm delivery and SGA.

Several studies found that the risk of pregnancy-induced
hypertension was greater among women who entered prepreg-
nancy with overweight or obesity, and who had excessive GWG
[3,22-24]. The Avon Longitudinal Study of Parents and Children
(ALSPAC) found that greater GWG in early pregnancy (up to 18
weeks) was independently associated with an increased risk of
gestational hypertension, and GWG in midpregnancy (18-29
weeks) was not associated with blood pressure change in late
pregnancy (29-36 weeks) [24]. Obesity is known as one important
risk factor for pregnancy related hypertension and preeclampsia
[25]. Frederick et al. found that every 1kg/m” increase in
prepregnancy BMI resulted in an 8% increased risk of
preeclampsia (adjusted RR=1.08; CI=1.05-1.11) [26]. Obese
women have been shown to have increased blood volume and
cardiac output, and increased blood pressure during pregnancy
[8,27]. Thus, women who develop hypertension during pregnancy
are more likely to experience edema than women who remain
normotensive, and this in turn may result in greater GWG. In the
present study, women who were prepregnancy obese and had
excessive GWG showed an almost 6-fold risk of pregnancy-
induced hypertension compared with women with normal
prepregnancy BMI and adequate GWG. In addition, we also
found that women with prepregnancy overweight or obesity and
adequate GWG had a higher risk of pregnancy-induced hyper-
tension. Our findings indicate that higher prepregnancy BMI
might play an important role in the development of pregnancy-
induced hypertension.

In the present study, the relative risks of GDM were higher in
those women with prepregnancy overweight and obesity. In the
joint 12 analyses of maternal prepregnancy BMI and GWG,
women with prepregnancy overweight or obesity and adequate
GWG had a 2.6-3.6 fold risk of GDM, and women with
prepregnancy overweight or obesity and excessive GWG had a
1.6-2.2 fold risk of GDM compared with those women with
normal weight and adequate GWG. Thus, our findings indicate
that higher prepregnancy BMI plays an important role in the
development of GDM. Previous studies reported that GDM was
an adverse pregnancy outcome of excessive GWG [28,29].
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However, like some other studies [30], the present study did not
find an association of excessive GWG with GDM risk. This might
be that women who were diagnosed as GDM would take more
lifestyle interventions and control weight gain during pregnancy.
In addition, a previous study showed insulin sensitivity might
increase or decrease during early pregnancy depending on the
prepregnancy insulin sensitivity status of the women. In the very
msulin-sensitive women, insulin sensitivity most often decreases
and is accompanied by an increase in adipose tissue [31]. In
contrast, among more insulin-resistant women (e.g. those have
GDM), insulin sensitivity often increases and is accompanied by a
decrease in potential loss of adipose tissue [32]. These physiologic
changes may help to explain in part the relative no more weight
gain during pregnancy in GDM women.
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Table 1. Characteristics of study participants among 33 973 mother-infant pairs according to maternal prepregnancy body mass
index and gestational weight gain categories in Tianjin, China.
Prepregnancy body mass index (kg/m?) P Institute of Medicine categories p
<18.5 18.5-23.9 24.0-27.9 =28 Inadequate Adequate Excessive
No. of subjects 3 809 21 942 6 185 2 037 3340 11227 19 406
Maternal characteristics
Gestational weight gain, kg 16.5 (5.1) 17.7 (5.5) 18.1 (6.2) 17.3 (6.8) <0.001 9.4 (1.9) 14.3 (1.8) 21.0 (5.1) <0.001
Maternal age before pregnancy, y 268 (29) 276 ((3.1) 28.0((34) 280 (34 <0.001 277 (3.6) 27.8(3.2) 27.5(3.1) <0.001
Prepregnancy body mass index, kg/m2 17.5 (0.8) 21.1 (1.5) 256 (1.1) 305 (24) <0.001 205 (24) 20.9 (2.5) 23.1 (3.6) <0.001
Gestational age at delivery, wk 39.1 (1.3) 39.2 (1.3) 39.1 (1.4) 389 (1.5) <0.001 39.0 (1.5) 39.1 (1.4) 39.2 (1.3) <0.001
Caesarean delivery, % 55.1 63.1 753 83.6 <0.001 57.6 59.3 70.7 <0.001
Blood pressure during third trimester, mmHg
Systolic 105 (10.1) 108 (10.4) 112 (10.8) 116 (11.6) <0.001 106 (10.4) 107 (10.4) 110 (10.8) <0.001
Diastolic 67 (7.0) 69 (7.5) 72 (7.8) 75 (8.6) <0.001 68 (7.6) 69 (7.6) 70 (7.8) <0.001
Mother’s education, % <0.001 <0.001
University and above 447 483 416 30.5 429 493 44.0
Junior college 28.8 26.9 279 27.3 257 26.2 282
High school and under 26.5 24.8 30.5 422 31.4 24.5 27.8
Family income, yuan/month, % <0.001 <0.001
=3000 55.7 58.1 51.8 43.8 50.5 57.7 55.7
2000-2999 23.8 218 254 25.7 239 223 23.1
<2000 20.5 20.1 228 30.5 25.6 20.0 21.2
Occupation of mother, % <0.001 <0.001
Industrial workers 15.5 16.3 19.5 23.8 17.6 16.2 17.8
Office workers 427 433 39.7 344 40.6 43.0 4.7
Service professional workers 19.3 21.2 19.5 16.6 18.9 21.6 19.9
Unemployed persons 10.2 8.2 9.2 11.8 103 8.2 9.0
Other 123 11.0 121 134 12.6 11.0 11.6
Smoking during pregnancy, % 1.2 1.0 1.2 2.2 <0.001 0.9 0.8 14 <0.001
Passive smoking, % 48.2 48.5 50.1 54.0 <0.001 469 46.6 50.9 <0.001
Child characteristics
Boy, % 50.0 51.9 52.0 52.6 0.131 53.1 51.0 52.0 0.062
Preterm delivery, % 2.6 29 34 49 <0.001 5.0 34 26 <0.001
Large for gestational age, % 4.0 9.1 149 226 <0.001 46 6.2 13.9 <0.001
Small for gestational age, % 15.5 2.0 6.9 57 <0.001 155 1.3 6.8 <0.001
Macrosomia (birth weight =4000 g), % 4.0 8.6 14.1 20.0 <0.001 4.2 5.8 13.0 <0.001
Low birth weight (<2500 g), % 29 20 22 29 0.001 38 2.7 1.7 <0.001
Large for gestational age was defined as birth weight >90™ percentile; Small for gestational age was defined as birth weight <10™ percentile.
doi:10.1371/journal.pone.0082310.t001

The positive associations of maternal higher prepregnancy BMI
and excessive GWG with the risk of larger birth weight of infants
were similar to previous studies [3,11,33]. A clear association exists
between maternal obesity and infant size at birth. In recent years
researchers have recognized that excessive GWG 1is also associated
with increased weight at birth [3]. In the present study, maternal
excessive GWG had a 2.32 fold risk of infant LGA compared with
those women with adequate GWG. Similarly, mothers with
prepregnancy overweight or obesity had a 1.73-2.80 fold risk of
infant LGA compared with those mothers with normal prepreg-
nancy weight. A recent study reported that the greatest difference
in neonatal fat observed among prepregnancy
overweight women with excessive GWG compared with over-
weight women with adequate GWG [34]. For women within the

mass was
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excessive GWG category, infants born to normal weight mothers
had lower percent body fat (11.8%) than infants born to
overweight mothers (13.7%) and obese mothers (14.2%). Infants
born to mothers with excessive GWG had greater fat-free mass
than infants born to mothers with adequate GWG [34]. This
indicated that maternal excessive GWG might play an important
role as prepregnancy BMI in the offspring’s overweight, and might
contribute to the overweight epidemic among infants and children.
One important issue of reverse causality should be also considered
in the analyses of maternal GWG with infant LGA. It has been
suggested that associations of maternal GWG with infant LGA do
not result from GWG itself, but rather to underlying factors that
influence both weight gain and the outcomes, such as maternal
diet composition and physical activity level. In addition, it is
important to determine whether these relationships are indepen-
dent of prepregnancy BMI or if they differ by prepregnancy BMI.
The present study indicated that the positive association of
maternal GWG and the risk of infant LGA was consistent among
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Table 2. Odd ratios (95% confidence intervals) of maternal outcomes by joint effects of maternal prepregnancy body mass index
and weight gain during pregnancy.
Prepregnancy body mass index (kg/m?) Institute of Medicine categories P for trend Total
Inadequate Adequate Excessive
Gestational diabetes (n=1721)*
<18.5 0.51 (0.31-0.83) 0.65 (0.49-0.87) 0.35 (0.22-0.56) 0.056 0.59 (0.48-0.74)
18.5-23.9 1.29 (1.06-1.56) 1.00 0.72 (0.63-0.84) <0.001 1.00
24.0-27.9 1.78 (0.85-3.75) 2.56 (2.00-3.28) 1.61 (1.39-1.85) 0.001 1.91 (1.70-2.14)
=28.0 0.77 (0.10-5.75) 3.57 (2.03-6.28) 2.18 (1.81-2.63) 0.140 2.46 (2.09-2.90)
P for trend 0.002 <0.001 <0.001 <0.001
Total 1.05 (0.88-1.24) 1.00 1.02 (0.92-1.14) 0.857
Pregnancy-induced hypertension (n=742)*
<18.5 0.39 (0.14-1.06) 0.46 (0.25-0.86) 0.75 (0.41-1.37) 0.375 0.45 (0.31-0.67)
18.5-23.9 1.13 (0.79-1.63) 1.00 1.35 (1.07-1.71) 0.039 1.00
24.0-27.9 0.78 (0.11-5.68) 2.55 (1.67-3.88) 2.41 (1.89-3.07) 0.521 2.03 (1.70-2.43)
=28.0 6.61 (1.50-29.2) 7.08 (3.53-14.2) 5.94 (4.62-7.65) 0.833 5.07 (4.17-6.16)
P for trend 0.012 <0.001 <0.001 <0.001
Total 0.89 (0.65-1.24) 1.00 1.93 (1.62-2.31) <0.001
Caesarean section (n=22 297)#
<18.5 0.86 (0.74-1.01) 0.87 (0.78-0.96) 1.20 (1.06-1.36) <0.001 0.83 (0.78-0.90)
18.5-23.9 0.99 (0.90-1.09) 1.00 1.34 (1.26-1.43) <0.001 1.00
24.0-27.9 1.29 (0.81-2.04) 1.53 (1.29-1.81) 1.94 (1.79-2.10) 0.012 1.62 (1.52-1.73)
=28.0 1.77 (0.69-4.56) 3.69 (2.07-6.58) 2.86 (2.51-3.26) 0.501 2.49 (2.20-2.81)
P for trend 0.108 <0.001 <0.001 <0.001
Total 0.96 (0.88-1.04) 1.00 1.54 (1.46-1.62) <0.001
Preterm delivery (n=1050)8
<185 1.34 (0.92-1.95) 0.74 (0.54-1.02) 0.55 (0.36-0.86) 0.005 0.93 (0.75-1.15)
18.5-23.9 1.51 (1.22-1.87) 1.00 0.61 (0.51-0.72) <0.001 1.00
24.0-27.9 1.65 (0.66-4.10) 1.65 (1.18-2.31) 0.90 (0.74-1.09) 0.003 1.15 (0.98-1.35)
=28.0 2.52 (0.59-10.77) 0.91 (0.29-2.88) 1.49 (1.18-1.90) 0.557 1.70 (1.36-2.11)
P for trend 0.786 0.006 <0.001 <0.001
Total 1.47 (1.22-1.77) 1.00 0.77 (0.67-0.88) <0.001
*Adjusted for maternal age, maternal height, maternal education, smoking, family income, maternal occupation, and gestational age.
#Adjusted for maternal age, maternal height, maternal education, smoking, family income, maternal occupation, gestational age, and birth weight.
$Adjusted for maternal age, maternal height, maternal education, smoking, family income, and maternal occupation.
doi:10.1371/journal.pone.0082310.t002

women different prepregnancy BMI and independent of maternal
prepregnancy BMI.

In the present study, we also found that maternal higher
prepregnancy BMI and excessive GWG were associated with
caesarean delivery. This may be that large size baby birth could
cause delivery complications, such as caesarean delivery. A US
study reported that the rate of caesarecan delivery was 27.2% in
women who gained more than the weight that the IOM
recommended [9]. Another study reported that increased
prepregnancy BMI was associated with an increasing incidence
of caesarean section in a population of Chinese women in Hong
Kong [35]. The rate of caesarean delivery in the present study
(65.6%) was higher than in other studies from developed areas, but
similar to a previous study in urban areas of China (64.1%) [36].
The higher rate of caesarean section in China may be influenced
by socioeconomic factors such as education, household income,
and access to health insurance. The introduction of the one-child
policy in 1979 may have contributed indirectly to the rise. Parents
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who expect to have only one child may prefer birth by caesarean
section to vaginal delivery because they think it is safer and free
from pain and anxiety.

The present study evaluated the single and joint associations of
maternal prepregnancy BMI and GWG with maternal and
neonatal outcomes. We found that maternal prepregnancy BMI
plays a more important role than GWG in maternal outcomes,
especially in pregnancy complications. Pregnancy-induced hyper-
tension and gestational diabetes are the two key common
pregnancy complications. Previous studies have reported that
maternal obesity is associated with increased risks of adverse
pregnancy outcomes including gestational diabetes and pregnan-
cy-induced hypertension [3,37]. Women with prepregnancy
overweight or obesity would take more lifestyle interventions and
control weight gain during pregnancy, and these two diseases will
both affect weight gain in pregnancy. However, the present study
found that only women with prepregnancy underweight and
adequate GWG had decreased risks of pregnancy-induced
hypertension and caesarean section compared with women with

PLOS ONE | www.plosone.org

Table 3. Odd ratios (95% confidence intervals) of neonatal outcomes by joint effects of maternal prepregnancy body mass index

and weight gain during pregnancy.

Prepregnancy body mass

index (kg/m?) Institute of Medicine categories P for trend Total

Inadequate Adequate Excessive

Large for gestational age (n=3 544)*
<18.5 0.31 (0.18-0.51) 0.45 (0.34-0.60) 1.00 (0.79-1.27) <0.001 0.42 (0.36-0.50)
18.5-23.9 0.77 (0.63-0.94) 1.00 1.91 (1.72-2.12) <0.001 1.00
24.0-27.9 1.26 (0.58-2.75) 1.48 (1.14-1.93) 2.60 (2.32-2.92) <0.001 1.73 (1.59-1.88)
=28.0 3.81 (1.40-10.4) 3.32 (2.01-5.50) 3.99 (3.47-4.59) 0.774 2.80 (2.49-3.15)
P for trend <0.001 <0.001 <0.001 <0.001
Total 0.72 (0.60-0.87) 1.00 2.32 (2.12-2.53) <0.001

Small for gestational age (n=3 112)*
<18.5 2.20 (1.81-2.67) 1.87 (1.62-2.15) 0.97 (0.79-1.19) <0.001 1.84 (1.66-2.03)
18.5-23.9 1.45 (1.27-1.65) 1.00 0.68 (0.61-0.75) <0.001 1.00
24.0-27.9 0.63 (0.27-1.44) 0.84 (0.65-1.09) 0.64 (0.56-0.73) 0.165 0.75 (0.67-0.83)
=28.0 1.21 (0.36-4.09) 1.06 (0.55-2.05) 0.51 (0.41-0.63) 0.032 0.61 (0.50-0.74)
P for trend 0.001 <0.001 <0.001 <0.001
Total 1.41 (1.26-1.57) 1.00 0.60 (0.55-0.65) <0.001

Macrosomia (n=3 318)#
<18.5 0.32 (0.19-0.55) 0.49 (0.37-0.65) 1.04 (0.81-1.33) <0.001 0.45 (0.38-0.53)
18.5-23.9 0.80 (0.65-0.99) 1.00 1.90 (1.71-2.12) <0.001 1.00
24.0-27.9 0.96 (0.38-2.39) 1.69 (1.30-2.21) 2.65 (2.35-2.99) 0.001 1.76 (1.62-1.93)
=28.0 3.08 (1.01-9.39) 3.49 (2.03-6.01) 4.10 (3.53-4.75) 0.676 2.86 (2.53-3.23)
P for trend 0.002 <0.001 <0.001 <0.001
Total 0.73 (0.60-0.88) 1.00 2.28 (2.08-2.49) <0.001

Low birth weight (n=747)#
<185 1.45 (0.89-2.38) 2.06 (1.47-2.88) 0.97 (0.56-1.67) 0.052 1.73 (1.35-2.22)
18.5-23.9 1.17 (0.86-1.61) 1.00 0.77 (0.60-0.99) 0.022 1.00
24.0-27.9 1.21 (0.31-4.67) 1.38 (0.85-2.24) 0.76 (0.57-1.02) 0.047 0.92 (0.72-1.16)
=28.0 3.87 (0.45-33.33) 1.35 (0.34-5.42) 0.85 (0.59-1.24) 0.144 0.96 (0.68-1.35)
P for trend 0.647 <0.001 0.841 <0.001
Total 1.05 (0.81-1.37) 1.00 0.67 (0.55-0.81) <0.001

*Adjusted for maternal age, maternal height, maternal education, smoking, family income, and maternal occupation.

#Adjusted for maternal age, maternal height, maternal education, smoking, family income, maternal occupation, and gestational age.

doi:10.1371/journal.pone.0082310.t003

normal prepregnancy weight and adequate GWG. And maternal
prepregnancy underweight with excessive GWG was associated
with an increased risk of caesarean section. So, it is important to
help women gain adequate weight during pregnancy based on
their prepregnancy BMI to improve pregnancy outcomes. IFFor
neonatal outcomes, both higher prepregnancy BMI and excessive
GWG could result in high maternal glucose, free fatty acid, and
amino acid concentrations, thus leading to the risk of greater
infant size at birth. Therefore, maternal prepregnancy BMI has
similar effects as GWG in the neonatal outcomes.

The major strength of our study is the use of GWG category
instead of net weight gain according to the new IOM guidelines
[8]. These new guidelines are formulated as a range of weight gain
for each category of prepregnancy BMI. Our study assessed the
single and joint associations of maternal prepregnancy BMI and
GWG with the risk of pregnancy and neonatal outcomes. A
limitation of our study is that women in the present study are all
living in urban areas. We did not include information of women
who live in rural areas. However, the present study is an ongoing
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project, and we will obtain more information from both urban and
rural areas. Another limitation is that the numbers of part of
pregnancy outcomes in several multiple cells are low in the joint
analyses of maternal prepregnancy BMI and GWG with
pregnancy outcomes, which may limit statistical power in some
subgroups.

In summary, our study indicated that pregnancy-induced
hypertension, caesarean delivery, and infant size at birth were
important outcomes of maternal prepregnancy overweight/obesity
and excessive GWG. Health care providers should inform women
to enter pregnancy with a BMI in the normal weight category and
limit their GWG to the range specified for their prepregnancy
BMLI. It is important to pay more attention to maternal influences
during pregnancy to prevent the intergenerational cycle of obesity.
Strategies to raise public awareness of the risks of maternal

References

1. Kim SY, Dietz PM, England L, Morrow B, Callaghan WM (2007) Trends in
pre-pregnancy obesity in nine states, 1993-2003. Obesity 15: 986-993.

2. Frederick IO, Williams MA, Sales AE, Martin DP, Killien M (2008) Pre-
pregnancy body mass index, gestational weight gain, and other maternal
characteristics in relation to infant birth weight. Maternal and child health
journal 12: 557-567.

3. Nohr EA, Vaeth M, Baker JL, Sorensen T, Olsen ], et al. (2008) Combined
associations of prepregnancy body mass index and gestational weight gain with
the outcome of pregnancy. Am J Clin Nutr 87: 1750-1759.

4. Guelinckx I, Devlieger R, Beckers K, Vansant G (2008) Maternal obesity:
pregnancy complications, gestational weight gain and nutrition. Obesity reviews
: an official journal of the International Association for the Study of Obesity 9:
140-150.

5. Sebire NJ, Jolly M, Harris JP, Wadsworth J, Joffe M, et al. (2001) Maternal
obesity and pregnancy outcome: a study of 287,213 pregnancies in London.
International journal of obesity and related metabolic disorders : journal of the
International Association for the Study of Obesity 25: 1175-1182.

6. Young TK, Woodmansee B (2002) Factors that are associated with cesarean
delivery in a large private practice: the importance of prepregnancy body mass
index and weight gain. American journal of obstetrics and gynecology 187: 312~
318; discussion 318-320.

7. National Center for Health Statistics (2013) Pregnancy Nutrition Surveillance.
Centers for Disease Control and Prevention (CDC) website. Available: http://
www.cde.gov/pednss/pdfs/PedNSS_2009.pdf. Accessed 2013 Nov 3.

8. Institute of Medicine (2009) Weight Gain During Pregnancy: Reexamining the
Guidelines. Washington, DC: National Academies Press.

9. Johnson J, Clifton RG, Roberts JM, Myatt L, Hauth JC, et al. (2013) Pregnancy
Outcomes With Weight Gain Above or Below the 2009 Institute of Medicine
Guidelines. Obstetrics and gynecology 121: 969-975.

10. Yang YD, Yang HX (2012) 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 47: 646-650.

11. LiuY, Dai W, Dai X, Li Z (2012) Prepregnancy body mass index and gestational
weight gain with the outcome of pregnancy: a 13-year study of 292,568 cases in
China. Archives of gynecology and obstetrics 286: 905-911.

12. Tianjin Women’s and Children’s Health Center (2010) 2010 Tianjin Women
and Children Health Care Report: Tianjin Women’s and Children’s Health
Center. Tianjin Women’s and Children’s Health Center.

13. LiN, Liu E, Guo J, Pan L, Li B, et al. (2013) Maternal Prepregnancy Body Mass
Index and Gestational Weight Gain on Offspring Overweight in Early Infancy.
PLoS ONE 8: €77809. doi:77810.71371/journal.pone.0077809.

14. Working Group on Obesity in China (2004) Guidelines for Prevention and
Control of Overweight and Obesity in Chinese Adults. Acta Nutrimenta Sinica
26: 1-4.

15. Wang Y, Mi J, Shan XY, Wang QJ, Ge KY (2007) Is China facing an obesity
epidemic and the consequences? The trends in obesity and chronic disease in
China. International journal of obesity 31: 177-188.

16. Zhou BF (2002) Predictive values of body mass index and waist circumference
for risk factors of certain related diseases in Chinese adults—study on optimal
cut-off points of body mass index and waist circumference in Chinese adults.
Biomedical and environmental sciences : BES 15: 83-96.

17. Chen CM (2008) Overview of obesity in Mainland China. Obesity reviews : an
official journal of the International Association for the Study of Obesity 9 Suppl
1: 14-21.

18. Mamun AA, Callaway LK, O’Callaghan MJ, Williams GM, Najman JM, et al.
(2011) Associations of maternal pre-pregnancy obesity and excess pregnancy
weight gains with adverse pregnancy outcomes and length of hospital stay. BMC
pregnancy and childbirth 11: 62.

19. Zhang F, Dong L, Zhang CP, Li B, Wen J, et al. (2011) Increasing prevalence of
gestational diabetes mellitus in Chinese women from 1999 to 2008. Diabet Med
28: 652-657.

PLOS ONE | www.plosone.org

Gestational Weight Gain and Pregnancy Outcomes

adiposity and weight gain during pregnancy on offspring’s future
health are required.

Supporting Information

Table S1 Numbers of subjects of maternal and neonatal
outcomes by joint effects of maternal prepregnancy body mass
index and weight gain during pregnancy.

(DOC)

Author Contributions

Conceived and designed the experiments: GH. Performed the experiments:
EQL JG LP BJL PW JL YW GSL. Analyzed the data: NL. Wrote the
paper: NL AAB LFH GH.

20. WHO/IDF (2006) Definition and diagnosis of diabetes mellitus and interme-
diate hyperglycemia: report of a WHO/IDF consultation. Geneva: World
Health Organization, WHO/IDF consultation.

21. Brown MA, Lindheimer MD, de Swiet M, Van Assche A, Moutquin JM (2001)
The classification and diagnosis of the hypertensive disorders of pregnancy:
statement from the International Society for the Study of Hypertension in
Pregnancy (ISSHP). Hypertension in pregnancy : official journal of the
International Society for the Study of Hypertension in Pregnancy 20: IX-XIV.

22. Tsai IH, Chen CP, Sun EJ, Wu CH, Yeh SL (2012) Associations of the pre-
pregnancy body mass index and gestational weight gain with pregnancy
outcomes in Taiwanese women. Asia Pacific journal of clinical nutrition 21: 82—
87.

23. Fortner RT, Pekow P, Solomon CG, Markenson G, Chasan-Taber L (2009)
Prepregnancy body mass index, gestational weight gain, and risk of hypertensive
pregnancy among Latina women. American journal of obstetrics and gynecology
200: 167 el61-167.

24. Macdonald-Wallis C, Tilling K, Fraser A, Nelson SM, Lawlor DA (2013)
Gestational weight gain as a risk factor for hypertensive disorders of pregnancy.
Am J Obstet Gynecol 209: 327 ¢321-327 e317.

25. Frias AE, Grove KL (2012) Obesity: a transgenerational problem linked to
nutrition during pregnancy. Seminars in reproductive medicine 30: 472-478.

26. Frederick 10, Rudra CB, Miller RS, Foster JC, Williams MA (2006) Adult
weight change, weight cycling, and prepregnancy obesity in relation to risk of
preeclampsia. Epidemiology 17: 428-434.

27. Taler SJ, Driscoll N, Tibor M, Sprau G, Augustine JE, et al. (2004) Obesity
raises blood pressure in normal subjects via high cardiac output and impaired
vasodilation. Am J Hypertens 17: 25A.

28. Saldana TM, Siega-Riz AM, Adair LS, Suchindran C (2006) The relationship
between pregnancy weight gain and glucose tolerance status among black and
white women in central North Carolina. American journal of obstetrics and
gynecology 195: 1629-1635.

29. Kabiru W, Raynor BD (2004) Obstetric outcomes associated with increase in
BMI category during pregnancy. American journal of obstetrics and gynecology
191: 928-932.

30. Murakami M, Ohmichi M, Takahashi T, Shibata A, Fukao A, et al. (2005)
Prepregnancy body mass index as an important predictor of perinatal outcomes
in Japanese. Archives of gynecology and obstetrics 271: 311-315.

31. Catalano PM, Roman-Drago NM, Amini SB, Sims EA (1998) Longitudinal
changes in body composition and energy balance in lean women with normal
and abnormal glucose tolerance during pregnancy. American journal of
obstetrics and gynecology 179: 156-165.

32. Okereke NC, Huston-Presley L, Amini SB, Kalhan S, Catalano PM (2004)
Longitudinal changes in energy expenditure and body composition in obese
women with normal and impaired glucose tolerance. American journal of
physiology Endocrinology and metabolism 287: E472-479.

33. Stotland NE, Cheng YW, Hopkins LM, Caughey AB (2006) Gestational weight
gain and adverse neonatal outcome among term infants. Obstet Gynecol 108:
635-643.

34. Hull HR, Thornton JC, Ji Y, Paley C, Rosenn B, et al. (2011) Higher infant
body fat with excessive gestational weight gain in overweight women. American
journal of obstetrics and gynecology 205: 211 ¢211-217.

35. Leung TY, Leung TN, Sahota DS, Chan OK, Chan LW, et al. (2008) Trends in
maternal obesity and associated risks of adverse pregnancy outcomes in a
population of Chinese women. BJOG : an international journal of obstetrics and
gynaecology 115: 1529-1537.

36. Feng XL, Xu L, Guo Y, Ronsmans C (2012) Factors influencing rising caesarean
section rates in China between 1988 and 2008. Bulletin of the World Health
Organization 90: 30-39, 39A.

37. Gibson KS, Waters TP, Catalano PM (2012) Maternal weight gain in women
who develop gestational diabetes mellitus. Obstet Gynecol 119: 560-565.

December 2013 | Volume 8 | Issue 12 | e82310



