@’PLOS ‘ ONE

CrossMark

click for updates

E OPEN ACCESS

Citation: Li C, Liu Y, Zhang W (2015) Joint and
Independent Associations of Gestational Weight Gain
and Pre-Pregnancy Body Mass Index with Outcomes
of Pregnancy in Chinese Women: A Retrospective
Cohort Study. PLoS ONE 10(8): €0136850.
doi:10.1371/journal.pone.0136850

Editor: Alexander G Obukhov, Indiana University
School of Medicine, UNITED STATES

Received: February 19, 2015
Accepted: July 17,2015
Published: August 27, 2015

Copyright: © 2015 Li et al. This is an open access
article distributed under the terms of the Creative
Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information files.

Funding: This project was supported by "Health
industry special funds for Public Benefit Research
Foundation" from the Ministry of Health, People's
Republic of China (Grant number 201002013) and
"the Health Excellent Talent Foundation of Beijing"
from Beijing Health Bureau (Grant number 2009-2-
11). The funders had no role in study design, data
collection and analysis, decision to publish, or
preparation of the manuscript.

RESEARCH ARTICLE

Joint and Independent Associations of
Gestational Weight Gain and Pre-Pregnancy
Body Mass Index with Outcomes of
Pregnancy in Chinese Women: A
Retrospective Cohort Study

Chunming Li"?, Yajun Liu?, Weiyuan Zhang?*

1 Department of Obstetrics, Women's Hospital, School of Medicine, Zhejiang University, Hangzhou,
Zhejiang Province, China, 2 Department of Obstetrics, Beijing Obstetrics and Gynecology Hospital, Capital
Medical University, Beijing, China

* zhangwy9921 @ hotmail.com

Abstract

Objective

To explore the joint and independent effects of gestational weight gain (GWG) and pre-
pregnancy body mass index (BMI) on pregnancy outcomes in a population of Chinese Han
women and to evaluate pregnant women’s adherence to the 2009 Institute of Medicine
(IOM) gestational weight gain guidelines.

Methods

This was a multicenter, retrospective cohort study of 48,867 primiparous women from main-
land China who had a full-term singleton birth between January 1, 2011 and December 30,
2011. The independent associations of pre-pregnancy BMI, GWG and categories of com-
bined pre-pregnancy BMI and GWG with outcomes of interest were examined using an
adjusted multivariate regression model. In addition, women with pre-pregnancy hyperten-
sion were excluded from the analysis of the relationship between GWG and delivery of
small-for-gestational-age (SGA) infants, and women with gestational diabetes (GDM) were
excluded from the analysis of the relationship between GWG and delivery of large-for-ges-
tational-age (LGA) infants.

Results

Only 36.8% of the women had a weight gain that was within the recommended range; 25%
and 38.2% had weight gains that were below and above the recommended range, respec-
tively. The contribution of GWG to the risk of adverse maternal and fetal outcomes was

modest. Women with excessive GWG had an increased likelihood of gestational hyperten-
sion (adjusted OR 2.55; 95% CI = 1.92—-2.80), postpartum hemorrhage (adjusted OR 1.30;
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95% Cl = 1.17-1.45), cesarean section (adjusted OR 1.31; 95% Cl = 1.18—1.36) and deliv-
ery of an LGA infant (adjusted OR 2.1; 95% Cl = 1.76-2.26) compared with women with nor-
mal weight gain. Conversely, the incidence of GDM (adjusted OR 1.64; 95% CIl = 1.20—
1.85) and SGA infants (adjusted OR 1.51; 95% Cl = 1.32—1.72) was increased in the group
of women with inadequate GWG. Moreover, in the obese women, excessive GWG was
associated with an apparent increased risk of delivering an LGA infant. In the women who
were underweight, poor weight gain was associated with an increased likelihood of deliver-
ing an SGA infant. After excluding the mothers with GDM or gestational hypertension, the
ORs for delivery of LGA and SGA infants decreased for women with high GWG and
increased for women with low GWG.

Conclusions

GWG above the recommended range is common in this population and is associated with
multiple unfavorable outcomes independent of pre-pregnancy BMI. Obese women may
benefit from avoiding weight gain above the range recommended by the 2009 IOM. Under-
weight women should avoid low GWG to prevent delivering an SGA infant. Pregnant
women should therefore be monitored to comply with the IOM recommendations and should
have a balanced weight gain that is within a range based on their pre-pregnancy BMI.

Introduction

Obesity has been designated as one of the most important global health threats worldwide, and
its prevalence has been increasing among women of reproductive age. Pregnant women consti-
tute an important subpopulation with an elevated risk of obesity due to excessive weight gain.
It has been shown that maternal obesity and excessive gestational weight gain (GWG) are asso-
ciated with adverse obstetric and neonatal outcomes [1- 2]. Moreover, becoming pregnant
while overweight or obese or gaining too much weight during pregnancy is associated with the
added burden of chronic disease, which deserves particular attention. However, understanding
these associations is complex because both body mass index (BMI) and GWG are closely
related to lifestyle, exercise and genetic traits.

To support optimal pregnancy outcomes, the World Health Organization (WHO) recom-
mended that the Institute of Medicine (IOM) develop guidelines for weight gain during preg-
nancy [3]. However, ethnic disparity in gestational outcomes was not fully explained in these
guidelines, and related studies were mostly conducted on Caucasian populations. Limited data
are available regarding whether the results are appropriate for Chinese women. Hence, there is
a need to determine the contextual relevance of these recommendations in China and to thor-
oughly assess the contributions of GWG and pre-pregnancy BMI to pregnancy outcomes.

Materials and Methods

This study was approved by the Ethics Committees of the individual hospitals involved (see
acknowledgments) and conformed to the guidelines of the Helsinki agreement and its amend-
ments. The National Research Ethics Service had previously approved the anonymous use of
these data for research purposes; therefore, individual informed consent was not required. The
data were analyzed anonymously.
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This retrospective, multicenter screening analysis was restricted to healthy Han nulliparous
women having singleton and full-term births between January, 1, 2011 and December, 31,
2011 in mainland China (except Hong Kong and Macau). Clinical medical records are rou-
tinely updated beginning during the first prenatal visit (within the first 12 weeks of pregnancy)
and include general information, disease history, and complications during pregnancy as well
as intrapartum and neonatal outcomes. We designed a specific questionnaire and collected
information from 39 specialized and general secondary or tertiary hospitals of 14 provinces in
the northeastern, northwestern, northern, central, eastern, southern, and southwestern areas of
China. Clinical information was collected retrospectively from all of the patients by reviewing
their clinical medical records, not by face-to face interactions or direct telephone calls. All of
the data were collected by specially trained medical staff and were randomly crosschecked by
designated staft to ensure validity. Women with pregnancies that were complicated by multiple
gestations, known diabetes or chronic hypertension; women < 18 years old; and women for
whom data on pre-pregnancy BMI or GWG were missing were excluded. Finally, a total of
48,867 women were included in this study.

Pre-pregnancy BMI (kg/m?) was calculated using the maternal weight and height recorded
at the first prenatal visit within the first 12 weeks of pregnancy. GWG was defined as the differ-
ence between the maternal weight recorded for each woman at the delivery unit and the mater-
nal weight recorded at the first prenatal visit. All of the women were categorized according to
the WHO classification and IOM guidelines as follows: for those with a BMI less than 18.5 kg/
m” (underweight), the recommended weight gain was between 12.5 and 18 kg; for those with a
BMI between 18.5 and 24.9 kg/m” (normal weight), the recommended weight gain was
between 11.5 and 16 kg; for those with a BMI between 25 and 29.9 kg/m?* (overweight), the rec-
ommended weight gain was between 7 and 11.5 kg; and for those who had a BMI of 30 kg/m*
or more (obese), the total recommended weight gain was between 5 and 9 kg (Table 1).
Women with a GWG within the IOM-recommended range were categorized as having an ade-
quate GWG. Women with a GWG less than the IOM recommendation were categorized as
having an inadequate GWG. Women with a GWG greater than the IOM recommendation
were categorized as having an excessive GWG.

The main purpose of this study was to survey the impact of GWG on pregnancy outcomes
within the population; therefore, data on maternal outcomes (such as pregnancy-induced
hypertension, gestational diabetes (GDM), and postpartum hemorrhage), peripartum out-
comes (such as cesarean delivery, including elective and emergency cesarean section; assisted
vaginal delivery; and vaginal delivery), and neonatal outcomes (such as small for gestational
age (SGA) and large for gestational age (LGA)) were collated and analyzed.

Pregnancy-induced hypertension was diagnosed by systolic blood pressure > 140 mmHg or
diastolic blood pressure > 90 mmHg that developed after 20 weeks of gestation and returned
to normal within 12 weeks postpartum. GDM was diagnosed using the oral glucose tolerance
test at 24-28 weeks of pregnancy in accordance with the IADPSG criteria [4]. Postpartum

Table 1. New Recommendations for Total Weight Gain during Pregnancy According to Pre-pregnancy
Body Mass Index.

Pre-pregnancy BMI BMI? (kg/m?) (WHO) Total weight gain range (kg)
Underweight <18.5 12.5-18

Normal weight 18.5-24.9 11.5-16

Overweight 25.0-29.9 7-11.5

Obese >30.0 5-9

#BMI: body mass index

doi:10.1371/journal.pone.0136850.t001
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hemorrhage was defined as more than 500 ml of vaginal bleeding within 24 h after birth. Assisted
vaginal delivery included forceps delivery, vacuum extraction delivery, assisted breech delivery
and breech extraction. LGA and SGA refer to infants whose birth weights were greater than and
less than the 90th and 10th percentile, respectively, adjusted for gestational age (sex- and parity-
specific), according to a Chinese reference curve. Diagnoses were obtained by utilizing the Inter-
national Classification of Diseases (ICD-10) codes, according to the hospital medical records.

Maternal age at birth, smoking, alcohol consumption, maternal height, social status defined
by education, length of gestation and residential area (urban or rural) were regarded as poten-
tial confounding factors and were included as covariates in the adjusted analyses.

Statistical Analyses

The data were entered into an Epi Info 7 spreadsheet and analyzed using the SPSS software
package (version 18.0; SPSS Inc, Chicago, IL, USA). The continuous variables were expressed
as the mean + standard deviation as determined by ANOVA. The chi-square test was used to
compare maternal demographic characteristics and pregnancy outcomes between each cate-
gory and the frequencies of the events. A multiple logistic regression model controlling for
potential confounders was used to calculate odds ratios (ORs) and 95% confidence intervals
(CIs) for outcomes based on GWG or BMI. The reference categories were normal pre-preg-
nancy BMI or weight gain within the guidelines, as defined above. The significance of the
trends in the BMI- and GWG-specific variables obtained by cross-classifying the BMI group
and the GWG group was tested in the same models by assigning an ordinal numeric value to
each dummy variable. Normal-weight women with adequate GWG were used as a reference.
Statistical significance was established when the P value was less than 0.05.

Results
Description of the Study Population

The general characteristics of the study population according to maternal pre-pregnancy BMI
and GWG category are presented in S1 Table. A detailed description of the characteristics of the
mothers based on maternal pre-pregnancy BMI was previously published [5]. Compared with
the mothers with adequate GWG, the mothers with excessive GWG were older, taller, had a
higher pre-pregnancy BMI, reported a higher education level, and were more likely to live in
urban areas. Mothers with inadequate GWG were younger, shorter, reported a lower education
level and were more likely to live in rural areas compared with the mothers with adequate GWG.
A low percentage of the pregnant women in our survey consumed alcohol and cigarettes.

Of the 48,867 women eligible for this study, 6,424 (13.15%) of the subjects were underweight
entering pregnancy, 37,359 (76.45%) were of normal weight, 4,497 (9.2%) were overweight and
587 (1.2%) were obese based on their pre-pregnancy BMI. Compared with the healthy-weight
women, a significantly higher proportion of the obese women experienced adverse feto-mater-
nal outcomes (Table 2) [5]. Briefly, the obese women had a higher likelihood of pregnancy-
induced hypertension, GDM, postpartum hemorrhage, delivery of an LGA infant and caesar-
ean delivery. Conversely, the underweight group had a higher likelihood of delivering an SGA
infant but a lower risk of pregnancy-induced hypertension, GDM, caesarean delivery, and
delivery of an LGA infant.

Maternal weight gain during pregnancy decreased with increasing pre-pregnancy BMI. The
mean observed GWG was 14.47 + 4.98 kg in the whole population, 15.47 + 4.97 kg in the
underweight women, 14.51 + 4.89 kg in the normal-weight women, 12.95 + 5.25 kg in the over-
weight women and 12.69 + 6.12 kg in the obese women. More than half of the Chinese women
did not gain the appropriate amount of weight during their pregnancy; 38.2% of the women
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Table 2. Relative Risk Estimates of Maternal and Neonatal Outcomes in Relation to BMI?.

Gestational
hypertension

Gestational diabetes

Postpartum
hemorrhage

Cesarean delivery
Elective CS®
Emergency CS®

Assisted vaginal
delivery

Vaginal delivery
SGA®
LGA®

#BMI: body mass index

Underweight Adjusted RR

(95% CI)
0.61[0.51-0.74]**

0.73[0.62-0.86]* *
0.93[0.80—1.08]

0.68[0.64-0.71]**
0.93[0.85-1.01]
1.08[0.99-1.17]
1.13[0.93-1.37]

1.49[1.41-1.57]**
1.66[1.44—1.91]%*
0.54[0.47-0.62]**

Normal Adjusted RR
(95% Cl)

1

—_ = a4

Overweight Adjusted RR
(95% Cl)

2.91[2.56-3.03]**

2.22[1.98-2.49]**
1.50[1.30—1.74]**

1.49[1.40—1.59]**
1.44[1.31-1.59]**
0.69[0.63-0.76]**
0.89[0.70-1.12]

0.65[0.61-0.70]**
0.73[0.59-0.91]**
2.55[2.32-2.80]**

Obese Adjusted RR
(95% CI)

8.79[7.06-10.96]**

5.24[4.23-6.51]**
1.55[1.07-2.24]*

2.64[2.18-3.19]**
1.24[1.0-1.55]
0.8[0.65—1.07]
0.26[0.08-0.81]*

0.39[0.32-0.47]
1.09[0.67—1.77]
3.95[3.20—4.87]**

PSGA and °LGA: small for gestational age and large for gestational age, defined as the < 10th percentile and > 90th percentile, respectively, of sex-

specific reference curves
d4CS: cesarean section.

Based on multiple logistic regression models adjusted for maternal age at birth, smoking, alcohol consumption, maternal height, social status defined by
education, length of gestation, residential area (urban or rural) and gestational weight gain.

**Significantly different from the estimate of the reference category (p < 0.01)

*significantly different from the estimate of the reference category (p < 0.05).

doi:10.1371/journal.pone.0136850.t002

gained more than the recommended weight, 36.8% stayed within the guidelines, and 25%
gained less than the recommended weight (Fig 1).

According to the 2009 IOM report, a woman’s pre-pregnancy weight is a primary determi-
nant of how much weight she will gain while pregnant. Fig 2 illustrates the distribution of
weight gain according to BMI in our population. Nearly half (44.5%) of the underweight
women gained weight within the IOM-recommended range. The majority of the cases of inad-
equate weight gain occurred among the underweight group (26.9%), whereas inadequate
weight gain was rarely observed among the obese women (1.4%). The women who were obese
prior to pregnancy were more likely to gain outside of the recommended range during their
pregnancy; in our population, up to 71.2% of these women gained weight above the recom-
mended range. Ultimately, the women who did not have a healthy weight prior to pregnancy
were more likely to gain outside of the recommended range during their pregnancy.

GWG and associations with adverse pregnancy outcomes

The number of women with various pregnancy outcomes according to GWG is shown in
Table 3. Women with excessive weight gain were more likely to experience pregnancy compli-
cations compared to the women with adequate GWG (5.4% vs. 2.7% for pregnancy-induced
hypertension, 4.5% vs. 3.5% for postpartum hemorrhage, 56.3% vs. 53.5% for cesarean delivery,
30.8% vs. 26.8% for emergency cesarean delivery and 10.1% vs. 5.6% for delivery of an LGA
infant). In contrast, the women who did not reach the optimal weight recommended by the
IOM were significantly more likely to experience GDM (5.4% vs. 4.3%) and to give birth to an
SGA infant (3.6% vs. 2.4%) compared with those whose weight gain was within the recom-
mended range.
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Fig 1. Gestational weight gain in China during 2011.

doi:10.1371/journal.pone.0136850.g001

Logistic regression was also used to explore the association of the absolute risk of the various
pregnancy outcomes with abnormal GWG, controlling for confounders (Table 4). The results
showed that excessive weight gain was significantly associated with an increased risk of preg-
nancy-induced hypertension (OR 2.55; 95% CI = 1.92-2.80). GDM was only strongly associated
with low GWG (OR 1.64; 95% CI = 1.20-1.85). The women with excessive GWG had more than
a 1.30-fold increased risk of postpartum hemorrhage relative to the women whose weights were
within the IOM-recommended range. Compared to the consistently and significantly increased
risk of caesarean delivery with increasing BMI, GWG was only modestly associated with this
risk. The mothers who gained excess weight during pregnancy were 1.3 (95% CI = 1.18-1.36)
times more likely to undergo caesarean delivery compared with the mothers who maintained a
healthy weight gain during pregnancy. In the cases in which the woman’s body weight increased
above the maximum recommended weight during pregnancy, the frequency of emergency cesar-
ean delivery was increased (OR 1.25; 95% CI = 1.17-1.32). For the women with a weight gain
that was lower than the IOM recommendation, there was an increased prevalence of delivering
an SGA infant (OR 1.51; 95% CI = 1.32-1.72), and the reverse pattern was observed for the risk
of delivering an LGA infant; the women with a weight gain that was above the recommended
range were two times more likely to deliver an LGA infant compared with those who gained the
recommended amount of weight (OR 2.1; 95% CI = 1.76-2.26).

Associations related to inadequate and excessive GWG across BMI
groups
Tables 5 and 6 separately present the effects of excessive (Table 5) and inadequate GWG

(Table 6) on obstetric and neonatal outcomes in different maternal BMI strata. We demon-
strated that the effects of pre-pregnancy BMI and GWG on some of the pregnancy outcomes
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Fig 2. Proportion of pre-pregnancy body size satisfaction status in gestational weight gain groups.

doi:10.1371/journal.pone.0136850.9002

are independent of each other and that the effects are additive, especially on neonatal weight.
For the underweight, normal-weight and overweight women, a GWG < the IOM recommen-
dation increased the likelihood of giving birth to an SGA infant (OR 2.8; 95% CI = 2.4-3.4, OR
1.5;95% CI = 1.3-1.8, OR 1.4; 95% CI = 1.1-1.9, respectively). A GWG > the IOM recommen-
dation significantly increased the likelihood of delivering an LGA infant in all of the maternal
BMI classes, especially the obese women (OR 4.3; 95% CI = 3.5-4.8). Moreover, excessive
GWG had a statistically significant effect on cesarean delivery and pregnancy-induced

Table 3. Pregnancy, Peripartum and Neonatal Outcomes According to Maternal Weight Gain.

Outcome Inadequate GWG? N = 12223 Adequate GWG N = 17978 Excessive GWG N = 18666 P value
Gestational hypertension 224 (1.8%) 494 (2.7%) 999 (5.4%) <0.01
Gestational diabetes 664 (5.4%) 767 (4.3%) 739 (4.0%) <0.01
Postpartum hemorrhage 316 (2.6%) 621 (3.5%) 842 (4.5%) <0.01
Cesarean delivery 6370 (52%) 9614 (53.5%) 10505 (56.3%) <0.01
Elective CS® 4757 (74.7%) 7082 (73.7%) 7270 (69.2%) <0.01
Emergency CS¢® 1613 (25.3%) 2532 (26.3%) 3235 (30.8%) <0.01
Assisted vaginal delivery 193 (1.6%) 331 (1.8%) 356 (1.9%) 0.09
Vaginal delivery 5655 (46.2%) 8033 (44.7%) 7805 (41.8%) <0.01
SGA® 439 (3.6%) 434 (2.4%) 425 (2.3%) <0.01
LGA® 551 (4.5%) 1005 (5.6%) 1889 (10.1%) <0.01

2GWG: gestational weight gain

PSGA and °LGA: small for gestational age and large for gestational age, defined as the < 10th percentile and > 90th percentile, respectively, of sex-
specific reference curves.

9CS: cesarean section.

Adequate gestational weight gain: underweight, 12.5-18 kg; normal, 11.5-16 kg; overweight, 7-11.5 kg; and obese, 5-9 kg.

doi:10.1371/journal.pone.0136850.t003
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Table 4. Risk of Adverse Pregnancy Outcomes According to the Institute of Medicine Guidelines for
GWG? by Adjusted Odds Ratios and 95% Confidence Intervals.

Gestational diabetes
Gestational hypertension
Postpartum hemorrhage
Cesarean delivery
Elective CS?

Emergency CS?

Vaginal delivery

Small for gestational age®
Large for gestational age®

Inadequate GWG

1.64[1.20-1.85]**
0.7[0.60—0.82]**
0.73[0.64-0.84]* *
0.91[0.91-0.99]*
1.05 [0.98-1.13]
0.95 [0.89-1.02]
1.08 [1.03-1.13]**
1.51[1.32-1.72]**
0.80[0.72-0.89]**

Excessive GWG

0.96[0.84—1.26]
2.55[1.92-2.80]**
1.30[1.17—1.45]**
1.31[1.18-1.36]**
0.80 [0.76-0.85]**
1.25 [1.17-1.32]**
0.89 [0.85-0.93]**
0.94[0.82—1.08]
2.1[1.76-2.26]**

2GWG: gestational weight gain

bsmall for gestational age and °large for gestational age, defined as the < 10th percentile and > 90th
percentile, respectively, of sex-specific reference curves;

d4CS: cesarean section.

Adequate gestational weight gain: underweight, 12.5—18 kg; normal, 11.5-16 kg; overweight, 7-11.5 kg;
and obese, 5-9 kg; Adequate gestational weight gain was set as a reference.

Based on multiple logistic regression models adjusted for maternal age at birth, smoking, alcohol
consumption, maternal height, social status defined by education, length of gestation, residential area
(urban or rural) and pre-pregnancy body mass index.

**Significantly different from the estimate for the reference category (p < 0.01)

*significantly different from the estimate for the reference category (p < 0.05).

doi:10.1371/journal.pone.0136850.t004

hypertension, and these increases were primarily related to the natural course of weight gain
among the overweight and obese women. Indeed, studies of women with normal pre-preg-
nancy BMIs indicate that women who gain weight beyond the IOM-recommended range have
an increased risk of postpartum hemorrhage and delivery of an LGA infant.

Birth outcomes according to GWG after the exclusion of cases of
gestational diabetes or gestational hypertension

In this study, the OR for the delivery of an LGA infant was further analyzed based on cases
without GDM, and the OR for the delivery of an SGA infant was analyzed in the cases of GWG
without hypertension. We found that when the mothers with GDM were excluded, the associa-
tion of excessive GWG with delivery of an LGA infant was decreased (OR 1.872; 95%

CI = 1.72-2.03), whereas the relationship with delivery of an SGA infant increased steadily
after accounting for the blood pressure of the low GWG group (OR 1.671; 95% CI = 1.45-
1.93).

Discussion

In this study, we comprehensively examined the independent and joint associations of pre-
pregnancy BMI and GWG with maternal and neonatal outcomes in Chinese Han women. Dis-
turbingly, we found that nearly half of the women in the local population became pregnant
when their BMI was suboptimal, and in more than 60% of the pregnancies, the weight gain was
not within the range recommended by the 2009 IOM guidelines. Consistent with prior research
[6], we also reported that the baseline weight is one of the most significant predictive factors
for weight gain in pregnancy. The women who were overweight and obese pre-pregnancy were
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Table 5. Multivariate Analysis of Outcomes Among Women Whose Weight Gain was Above that Recommended in the Institute of Medicine
Guidelines.

Outcome Underweight OR (95% CI) Normal Weight OR (95% Cl) Overweight OR (95% CI) Obese OR (95% Cl)
Gestational hypertension 2.1[1.4-3.1]* 0.6[0.4—1.0]* 1.5[1.2-2.0]* 2.3[2.1-2.7]*
Gestational diabetes NS? 1.0[0.9-1.2] 0.7[0.6-0.8]* 0.6[0.6-0.7]*
Postpartum hemorrhage 1.2[0.9-1.7]* 1.5[1.3-1.7]* 1.2[1.1-1.4]* 1.2[1.1-1.4]*
Cesarean delivery 1.1[1.1-1.4] 1.0[1.0-1.1] 1.3[1.2-1.4]* 1.9[1.7-2.1]*
Small for gestational age® 0.9[0.8-1.2]* 0.7[0.6-0.8] 0.6[0.5-0.8]* 0.6[0.5-0.8]*
Large for gestational age® 1.3[1.1-1.7]* 1.7[1.5-1.9]* 1.8[1.5-1.9]* 4.3[3.5-4.8]*

aNS: the number in this category was too small to analyze; small for gestational age® and large for gestational age®, defined as the < 10th percentile
and > 90th percentile, respectively, of sex-specific reference curves.

Based on multiple logistic regression models adjusted for maternal age at birth, smoking, alcohol consumption, maternal height, social status defined by
education, length of gestation, and residential area (urban or rural).

*Significantly different from the estimate for the reference category (p < 0.05).

doi:10.1371/journal.pone.0136850.t005

the most likely to have a high GWG. In our study, only 10.4% of the population was overweight
or obese, which is significantly lower than the prevalence in developed countries [7]. Therefore,
the BMI criteria developed by the WHO are not suitable for Asian populations. However, there
is no recommendation for new, clear BMI cut-off points for all Asians [8- 9]. Previously, it was
reported that 73% of pregnant women have excessive GWG [10]; in contrast, the rate in our
population was relatively low, which may also be due to differences in Asian versus Western
populations. In general, in our population, adherence to the new guidelines was less than
desirable.

Pre-pregnancy BMI was an independent predictor of pregnancy outcomes, and the contri-
bution of GWG was relatively modest. Despite this, we concluded that excessive GWG is asso-
ciated with substantial adverse feto-maternal outcomes. The mothers with excessive weight
gain had a significantly higher likelihood of pregnancy-induced hypertension, postpartum
hemorrhage, and cesarean delivery, and they were more likely to deliver an LGA infant than
the women who gained weight within the appropriate range; these findings agree well with
those of previous studies [11- 12]. Weight gain below the guidelines seemed to be slightly

Table 6. Multivariate Analysis of Outcomes Among Women Whose Weight Gain was Below that Recommended in the Institute of Medicine
Guidelines.

Outcome Underweight OR (95% CI) Normal Weight OR (95% CI) Overweight OR (95% CI) Obese OR (95% Cl)
Gestational hypertension 0.7[0.4—-1.2]* 1.1[0.7-1.7] 0.7[0.4-1.1]* 1.0[0.7-1.5]
Gestational diabetes NS® 1.3[1.1-1.4]% 1.2[0.9-1.4] 1.2[0.1-1.4]
Postpartum hemorrhage 0.6[0.4-0.9]* 0.8[0.7-0.9]* 1.1[0.8-1.4] 1.0[0.7-1.3]
Cesarean delivery 1.1[1.0-1.2] 0.9[0.9-1.1] 1.2[1.1-1.3]* 1.6[1.4-1.7]*

Small for gestational age® 2.8[2.4-3.4]* 1.5[1.3-1.8]* 1.4[1.1-1.9]* 0.9[0.8-1.3]

Large for gestational age® 0.6[0.5-0.9]* 0.7[0.7-0.8]* 1.4[1.2-1.8]* 1.5[1.2-1.8]*

&NS: the number in this category was too small to analyze

Psmall for gestational age and large for gestational age, defined as the < 10th percentile and > 90th percentile, respectively, of sex-specific reference
curves.

Based on multiple logistic regression models adjusted for maternal age at birth, smoking, alcohol consumption, maternal height, social status defined by
education, length of gestation, and residential area (urban or rural).

*Significantly different from the estimate for the reference category (p < 0.05).

doi:10.1371/journal.pone.0136850.t006
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protective against some adverse outcomes. This finding is consistent with those of previous
studies [13], although our data showed that low GWG was associated with moderate-to-strong
evidence of increased risk of GDM and delivery of an SGA infant.

Similar to the findings of other researchers [14-17], we found that GWG was associated
with an increased risk of pregnancy-induced hypertension and GDM. In our multivariate anal-
ysis, a J-shaped relationship was observed for the association between the risk of gestational
hypertension and the categories of increasing GWG. Indeed, the risk was highest in the exces-
sive GWG group and lowest in the inadequate GWG group. However, it is difficult to deter-
mine whether hypertension causes edema, which is refiected by greater weight gain, or whether
greater weight gain causes hypertension. This finding is consistent with the findings of previous
research showing that gestational hypertension is associated with an increased pre-pregnancy
BMI and high GWG [6, 11]. Another interesting observation presented herein is the effect of
excessive GWG on GDM. Consistent with previous research [6, 18], a tendency for an inverse
relationship was observed between GWG and the risk of GDM. Because the diagnosis of GDM
occurs primarily at 26-28 weeks of gestation and screening is carried out more often, treatment
with diet and/or insulin plus increased physical activity may affect subsequent weight gain,
resulting in decreased weight gain in late pregnancy.

To date, limited research has been conducted to examine weight gain during pregnancy and
postpartum hemorrhage. Consistent with previous studies [19], we found that the women in
the excessive GWG group had a higher likelihood of postpartum hemorrhage than the women
in the adequate GWG group.

The cesarean section rate was high in our population, and this result is in agreement with
the report by the WHO [20]. Aside from the indicated caesarean sections, the high rate of
cesarean section might be influenced by socioeconomic factors and the introduction of the
one-child policy in 1979. Researchers agree that there is a substantial relationship between
BMI and cesarean delivery, but the relationship between maternal weight gain and cesarean
delivery has recently become a controversial subject. As was the case in the present findings,
some authors have proposed that the likelihood of cesarean delivery is increased in women
with excessive GWG [21-22], while others have concluded that GWG does not have a signifi-
cant infiuence on the occurrence of cesarean delivery [23]. Interestingly, in the current study,
we also found that the likelihood of cesarean delivery was increased in women with an exces-
sive GWG, especially in obese women, whereas the results of other studies have shown that the
increase in cesarean delivery is most prominent for women with a low BMI who experienced
excessive weight gain [24]. Consistent with previous studies [25], we found that the women in
the excessive GWG group had a higher likelihood of emergency cesarean delivery than those in
the adequate GWG group.

Research has indicated that, in addition to gestational age, pre-pregnancy weight and prena-
tal weight gain are also primary predictors of infant birth weight [26]. Recently, there has been
increased interest in the potential consequences of excess weight gain on neonatal weight, irre-
spective of the woman’s size at the start of pregnancy [27]. A systematic review showed that
there is strong evidence linking weight gain above the IOM recommendations with high birth
weight, macrosomia and delivery of LGA infants, whereas there was only moderate evidence
linking weight gain above the IOM recommendations with cesarean delivery and maternal
postpartum weight retention[28]. Our principal finding relates to neonatal outcomes, and our
findings particularly highlight the effects of GWG in conferring a higher risk of delivery of
LGA and SGA infants. Our results confirmed that gaining less than the IOM recommendations
increased the risk of delivery of an SGA infant by two-fold compared with gaining the recom-
mended amount of weight; these data are consistent with findings from previous research[29].
As in other studies [14, 30], we also found that weight gain above the guidelines was associated
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with an increased risk of delivering an LGA neonate. All of these results are alarming, as they
indicate the presence of a vicious cycle over generations.

Maternal BMI and GWG reflect nutritional status before and during pregnancy, respec-
tively, and the impact of GWG should be interpreted in relation to maternal BMI. A stratified
analysis showed that the effect of GWG tended to be modest across the BMI groups, but the
magnitude of the association was greater for the underweight women with low GWG and SGA
infants and for the obese women with high GWG and LGA infants. For many years, clinical
recommendations have focused mainly on the limitation of low birth weight. However, the
nutritional and clinical context has changed, and an increasing number of mothers are begin-
ning their pregnancy overweight or obese; therefore, the risk of delivering an LGA infant must
be considered. In a previous study, an increased risk of high birth weight was found with
increasing maternal weight gain; however, this was not the case in underweight women [31]. In
our study, the incidence of delivery of an LGA infant increased in all of the BMI groups. More-
over, M. Cedergren [32] found that the risk of cesarean delivery was increased in all maternal
BMI categories; however, we found that excessive weight gain only had an effect on cesarean
delivery among the overweight and obese women. This discrepancy may be due to the fact that
M. Cedergren referred to weight gain < 8 kg as low weight gain and weight gain > 16 kg as
high weight gain, which does not comply with the IOM recommendation. Even studies of
women with normal pregnancy BMIs indicate that women who gain weight beyond the recom-
mended IOM guidelines have an increased risk of adverse outcomes. For obese women, a
GWG greater than the IOM recommendation is associated with an increased risk of delivery of
an LGA infant [33], and our data did not show an increased risk of delivering an SGA infant in
those with a GWG less than that recommended by the IOM.

GDM and pregnancy-induced hypertension are frequently encountered and can be impor-
tant confounders for associations with birth weight, such as delivery of LGA infants in mothers
with GDM or delivery of SGA infants in mothers with gestational hypertension [34-35]. Few
studies have taken into account the effect of blood pressure and glucose tolerance disorders on
the association between GWG and extreme birth weight. In the present study, we observed a
positive association between GWG and delivery of LGA infants overall, but it decreased appre-
ciably after adjustment for maternal GDM, which suggests that the maternal glucose concen-
tration might be involved in the risk of delivery of LGA infants; these data conform well with
those of other authors, who have shown similar effects of excessive GWG on birth weight in
non-diabetic pregnant women[36]. Compared with the uncorrected data, the removal of the
data obtained from women with gestational hypertension resulted in a substantial increase in
the incidence of delivery of an SGA infant in the inadequate GWG group.

Opverall, our study was a robust, nested cohort analysis performed retrospectively using a
validated database. This study has both strengths and limitations. Some of the strengths include
its multicenter design, which was nationally representative, its large sample size and the rigor-
ous collection of data, which permitted an informative validity assessment of risk factors in the
overall dataset. Because multiple births, preterm delivery and gestational age are strongly
linked to weight gain, only singleton, full-term (at least 37 weeks gestation) births were
included in the analysis. In contrast to the majority of previous studies that categorized weight
gain by the number of weeks between measurements to obtain a weekly GWG [37], we used
total GWG as our measure of exposure because our subjects were limited to full-term pregnant
women only. Thus, if the most severe cases presented as preterm deliveries, they were excluded
from our analyses. Using the weight and height recorded at the first prenatal visit within the
first 12 weeks of pregnancy is one of the limitations of this study. Because it is not possible or
practical for every woman to accurately know how much she weighs immediately before preg-
nancy, this study is inevitably prone to some misclassification error, which could lead to
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overestimation or underestimation of GWG; we acknowledge this limitation. However, cur-
rently, this is a widely used method, and it has been found to correlate well with measured pre-
pregnancy weight [38-40]. Another limitation of the study is that the guidelines for GWG and
BMI that we used were developed for a non-Chinese population and might not be suitable for
our population, resulting in deviation. However, there is no recommendation for clear BMI or
GWG cut-off points for all Asians. Additional high-quality randomized controlled trials are
needed to develop ethnicity-specific guidelines for pre-pregnancy BMI and GWG for Chinese
women. Studies have concluded that GWG is the strongest predictor of weight retention [41],
and pregnancy might substantially increase postpartum body weight for subgroups such as
those with high GWG [42]. Due to the retrospective nature of the data, some of these impor-
tant pregnancy outcomes could not be assessed. This study benefited from a large sample size.
It was limited, however, by the performance of joint analysis of the effects of maternal pre-
pregnancy BMI and GWG on pregnancy outcomes. Because some of the subgroups were rela-
tively small, important differences might not have been detected due to the lack of sufficient
statistical power in individual categories, such as in the analysis of the relationship between
GDM in underweight women and inadequate GWG. Despite these limitations, the results of
this study have important clinical and public health implications.

Conclusions

The present data suggest that the adherence of Chinese individuals to the new guidelines is less
than desirable. Pregnancy is widely viewed as a period when women are open to lifestyle
changes to optimize their health. Appropriate control of GWG, within the limits set by the
IOM guidelines, will avoid potential neonatal complications related to birthweight and will
also improve pregnancy outcomes.

Supporting Information

S1 Table. Demographic characteristics of the study population according to the maternal
pre-pregnancy BMI and GWG categories.
(PDF)

Acknowledgments

We thank the subjects for their participation and the medical staff involved in this survey at the
following hospitals: Capital Medical University Beijing Obstetrics and Gynecology Hospital,
Capital Medical University Friendship Hospital, Obstetrics and Gynecology Hospital of Fudan
University, First Affiliated Hospital of the Medical College of Xi’an Jiaotong University, Nan-
jing Drum Tower Hospital, Shandong Provincial Hospital, the Second Affiliated Hospital of
West China Hospital, Shengjing Hospital of China Medical University, Nanfang Hospital of
Nanfang Medical University, the Second Hospital of Jilin University, the First Affiliated Hospi-
tal of Xinjiang Medical University, Hebei Changzhou Central Hospital, the First Affiliated Hos-
pital of Inner Mongolia Medical University, Hubei Xinhua Hospital, Beijing Daxing Maternal
and Child Care Hospital, Tongzhou Maternal and Child Health Hospital of Beijing, Shanghai
Changning Maternity and Infant Health Hospital, Shanghai Putuo Maternity and Infant
Health Hospital, Shanxi Zichang Hospital, Chenggu Maternal and Child Health Hospital,
Xi’an Aerospace General Hospital, Wuxi Maternal and Child Health Hospital, Shandong
Obstetrics and Gynecology Hospital, Dongming Maternal and Child Health Hospital of Heze,
Pengzhou Maternal and Child Health Hospital, Benxi Center Hospital of Liaoning, Women &
Infants Hospital of Liaohe Oilfield, Kaiyuan Hospital of Liaoning, Youyan Maternal and Child

PLOS ONE | DOI:10.1371/journal.pone.0136850 August 27,2015 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0136850.s001

@’PLOS ‘ ONE

Gestational Weight Gain and Pregnancy Outcomes

Health Hospital, Wuhan No. 11 Hospital, the Third Affiliated Hospital of Southern Medical
University, Shaoguan Hygienic Hospital of Women and Children, Foshan Maternity and Child
Health Hospital, Nong’an Peoples Hospital of Jilin, Yushu Maternity and Child Health Hospi-
tal of Jilin Medical University, Maternal & Child Health Hospital of Inner Mongolia, Erenhot
Hospital of Inner Mongolia, and Taiyuan Hospital Health Center for Women and Children.

Author Contributions

Conceived and designed the experiments: WYZ CML. Performed the experiments: WYZ CML
YJL. Analyzed the data: CML YJL. Contributed reagents/materials/analysis tools: CML YJL.
Wrote the paper: CML WYZ.

References

1.

10.

11.

12

13.

14.

15.

Haugen M, Brantsaeter AL, Winkvist A, Lissner L, Alexander J, Oftedal B, et al. Associations of pre-
pregnancy body mass index and gestational weight gain with pregnancy outcome and postpartum
weight retention: a prospective observational cohort study. BMC Pregnancy Childbirth. 2014; 14:201.
doi: 10.1186/1471-2393-14-201 PMID: 24917037

Gaillard R, Durmus B, Hofman A, Mackenbach JP, Steegers EA, Jaddoe VW. Risk factors and out-
comes of maternal obesity and excessive weight gain during pregnancy. Obesity (Silver Spring).2013;
21(5):1046-1055.

To O MU, Guidelines R | P W. Weight Gain During Pregnancy: Reexamining the Guidelines. Wash-
ington (DC): National Academies Press (US).2009.

Sacks DA, Hadden DR, Maresh M, Deerochanawong C, Dyer AR, Metzger BE, et al. Frequency of ges-
tational diabetes mellitus at collaborating centers based on IADPSG consensus panel-recommended
criteria: the Hyperglycemia and Adverse Pregnancy Outcome (HAPO) Study. Diabetes Care.2012; 35
(3):526-528. doi: 10.2337/dc11-1641 PMID: 22355019

Li CM, Li GH, Chen Y, Ruan Y,Wang X, Zhang WY Effects of pre-pregnancy body mass index on preg-
nancy outcomes. Chin Med J (Engl).2013; 126(23):4585-4587.

Nohr EA, Vaeth M, Baker JL, Sorensen Tla, 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):1750-1759. PMID: 18541565

Hedley AA, Ogden CL, Johnson CL, Carroll MD, Curtin LR, Flegal KM. Prevalence of overweight and
obesity among US children, adolescents, and adults,1999-2002. JAMA.2004; 291(23):2847-2850.
PMID: 15199035

Appropriate body-mass index for Asian populations and its implications for policy and intervention strat-
egies. Lancet. 2004; 363(9403):157-163. PMID: 14726171

Shiwaku K, Anuurad E, Enkhmaa B, Kitajima K, Yamane Y. Appropriate BMI for Asian populations.
Lancet.2004; 363(9414):1077.

Johnson J, Clifton RG, Roberts JM, Myatt L, Hauth JC, Spong CY, et al. Pregnancy outcomes with
weight gain above or below the 2009 Institute of Medicine guidelines. Obstet Gynecol.2013; 121
(5):969-975. doi: 10.1097/A0G.0b013e31828aea03 PMID: 23635732

Tanaka T, Ashihara K, Nakamura M, Kanda T, Fujita D, Yamashita Y, et al. Associations between the
pre-pregnancy body mass index and gestational weight gain with pregnancy outcomes in Japanese
women. J Obstet Gynaecol Res.2014; 40(5):1296—1303. doi: 10.1111/jog.12353 PMID: 24750440

YuZ,Han S, Zhu J, Kanda T, Fujita D, Yamashita Y, et al. Pre-pregnancy body mass index in relation
to infant birth weight and offspring overweight/obesity: a systematic review and meta-analysis. PLoS
One.2013; 8(4):€61627. doi: 10.1371/journal.pone.0061627 PMID: 23613888

Durie DE, Thornburg LL, Glantz JC. Effect of second-trimester and third-trimester rate of gestational
weight gain on maternal and neonatal outcomes. Obstet Gynecol.2011; 118(3):569-575. doi: 10.1097/
AOG.0b013e3182289f42 PMID: 21860285

LiN, Liu E, Guo J, Pan L, Li B, Wang P, et al. Maternal prepregnancy body mass index and gestational
weight gain on pregnancy outcomes. PLoS One.2013; 8(12):82310. doi: 10.1371/journal.pone.
0082310 PMID: 24376527

Choi SK, Park 1Y, Shin JC. The effects of pre-pregnancy body mass index and gestational weight gain
on perinatal outcomes in Korean women: a retrospective cohort study. Reprod Biol Endocrinol.2011;
9:6. doi: 10.1186/1477-7827-9-6 PMID: 21241516

PLOS ONE | DOI:10.1371/journal.pone.0136850 August 27,2015 13/15


http://dx.doi.org/10.1186/1471-2393-14-201
http://www.ncbi.nlm.nih.gov/pubmed/24917037
http://dx.doi.org/10.2337/dc11-1641
http://www.ncbi.nlm.nih.gov/pubmed/22355019
http://www.ncbi.nlm.nih.gov/pubmed/18541565
http://www.ncbi.nlm.nih.gov/pubmed/15199035
http://www.ncbi.nlm.nih.gov/pubmed/14726171
http://dx.doi.org/10.1097/AOG.0b013e31828aea03
http://www.ncbi.nlm.nih.gov/pubmed/23635732
http://dx.doi.org/10.1111/jog.12353
http://www.ncbi.nlm.nih.gov/pubmed/24750440
http://dx.doi.org/10.1371/journal.pone.0061627
http://www.ncbi.nlm.nih.gov/pubmed/23613888
http://dx.doi.org/10.1097/AOG.0b013e3182289f42
http://dx.doi.org/10.1097/AOG.0b013e3182289f42
http://www.ncbi.nlm.nih.gov/pubmed/21860285
http://dx.doi.org/10.1371/journal.pone.0082310
http://dx.doi.org/10.1371/journal.pone.0082310
http://www.ncbi.nlm.nih.gov/pubmed/24376527
http://dx.doi.org/10.1186/1477-7827-9-6
http://www.ncbi.nlm.nih.gov/pubmed/21241516

@’PLOS ‘ ONE

Gestational Weight Gain and Pregnancy Outcomes

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Cedergren M. Effects of gestational weight gain and body mass index on obstetric outcome in Sweden.
Int J Gynaecol Obstet.2006; 93(3):269-274. PMID: 16626716

Kiel DW, Dodson EA, Artal R, Boehmer TK, Leet TL. Gestational weight gain and pregnancy outcomes
in obese women: how much is enough?. Obstet Gynecol.2007; 110(4):752-758. PMID: 17906005

Riskin-Mashiah S, Damti A, Younes G, Auslander R. Pregestational body mass index, weight gain dur-
ing pregnancy and maternal hyperglycemia. Gynecol Endocrinol.2011; 27(7):464—467. doi: 10.3109/
09513590.2010.495436 PMID: 20642383

Seligman LC, Duncan BB, Branchtein L, Gaio DS, Mengue SS, Schmidt MI. Obesity and gestational
weight gain: cesarean delivery and labor complications. Rev Saude Publica.2006; 40(3):457-465.
PMID: 16810370

Lumbiganon P, Laopaiboon M, Gulmezoglu AM, Souza JP, Taneepanichskul S, Ruyan P, et al. Method
of delivery and pregnancy outcomes in Asia: the WHO global survey on maternal and perinatal health
2007-08. Lancet.2010; 375(9713):490—-499. doi: 10.1016/S0140-6736(09)61870-5 PMID: 20071021

Jang DG, Jo YS, Lee GS. Effect of pre-pregnancy body mass index and weight gain during pregnancy
on the risk of emergency cesarean section in nullipara. Arch Gynecol Obstet.2011; 284(6):1389—-1397.
doi: 10.1007/s00404-011-1868-z PMID: 21387087

Cedergren M. Effects of gestational weight gain and body mass index on obstetric outcome in Sweden.
Int J Gynaecol Obstet.2006; 93(3):269-274. PMID: 16626716

Murakami M, Ohmichi M, Takahashi T, Shibata A, Fukao A, Morisaki N, et al. Prepregnancy body mass
index as an important predictor of perinatal outcomes in Japanese. Arch Gynecol Obstet.2005; 271
(4):311-315. PMID: 15185098

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):312-318, 318-320. PMID: 12193918

Jang DG, Jo YS, Lee GS. Effect of pre-pregnancy body mass index and weight gain during pregnancy
on the risk of emergency cesarean section in nullipara. Arch Gynecol Obstet.2011; 284(6):1389-1397.
doi: 10.1007/s00404-011-1868-z PMID: 21387087

Prenatal weight gain and birth weight among Oklahoma mothers. Okla Nurse.1997; 42(2):15-16.
PMID: 9400238

Munim S, Maheen H. Association of gestational weight gain and pre-pregnancy body mass index with
adverse pregnancy outcome. J Coll Physicians Surg Pak.2012; 22(11):694-698. doi: 11.2012/JCPSP.
694698 PMID: 23146848

Oken E, Kleinman KP, Belfort MB, Hammitt JK, Gillman MW. Associations of gestational weight gain
with short- and longer-term maternal and child health outcomes. Am J Epidemiol.2009; 170(2):173—
180. doi: 10.1093/aje/kwp101 PMID: 19439579

Ricci E, Parazzini F, Chiaffarino F, Cipriani S, Polverino G. Pre-pregnancy body mass index, maternal
weight gain during pregnancy and risk of small-for-gestational age birth: results from a case-control
study in ltaly. J Matern Fetal Neonatal Med.2010; 23(6):501-505. doi: 10.3109/14767050903216025
PMID: 19724969

Vesco KK, Sharma AJ, Dietz PM, Rizzo JH, Callaghan WM, England L, et al. Newborn size among
obese women with weight gain outside the 2009 Institute of Medicine recommendation. Obstet Gyne-
col.2011; 117(4):812—818. doi: 10.1097/A0G.0b013e3182113ae4 PMID: 21422851

Cogswell ME, Serdula MK, Hungerford DW, Yip R. Gestational weight gain among average-weight and
overweight women—uwhat is excessive?. Am J Obstet Gynecol.1995; 172(2 Pt 1):705-712. PMID:
7856711

Cedergren M. Effects of gestational weight gain and body mass index on obstetric outcome in Sweden.
Int J Gynaecol Obstet.2006; 93(3):269—274. PMID: 16626716

Haugen M, Brantsaeter AL, Winkvist A, Lissner L, Alexander J, Oftedal B, et al. Associations of pre-
pregnancy body mass index and gestational weight gain with pregnancy outcome and postpartum
weight retention: a prospective observational cohort study. BMC Pregnancy Childbirth.2014; 14:201.
doi: 10.1186/1471-2393-14-201 PMID: 24917037

Rosenberg TJ, Garbers S, Lipkind H, Chiasson MA. Maternal obesity and diabetes as risk factors for
adverse pregnancy outcomes: differences among 4 racial/ethnic groups. Am J Public Health.2005; 95
(9):1545-1551. PMID: 16118366

Grisaru-Granovsky S, Halevy T, Eidelman A, Elstein D, Samueloff A. Hypertensive disorders of preg-
nancy and the small for gestational age neonate: not a simple relationship. Am J Obstet Gynecol.2007;
196(4):331-335.

PLOS ONE | DOI:10.1371/journal.pone.0136850 August 27,2015 14/15


http://www.ncbi.nlm.nih.gov/pubmed/16626716
http://www.ncbi.nlm.nih.gov/pubmed/17906005
http://dx.doi.org/10.3109/09513590.2010.495436
http://dx.doi.org/10.3109/09513590.2010.495436
http://www.ncbi.nlm.nih.gov/pubmed/20642383
http://www.ncbi.nlm.nih.gov/pubmed/16810370
http://dx.doi.org/10.1016/S0140-6736(09)61870-5
http://www.ncbi.nlm.nih.gov/pubmed/20071021
http://dx.doi.org/10.1007/s00404-011-1868-z
http://www.ncbi.nlm.nih.gov/pubmed/21387087
http://www.ncbi.nlm.nih.gov/pubmed/16626716
http://www.ncbi.nlm.nih.gov/pubmed/15185098
http://www.ncbi.nlm.nih.gov/pubmed/12193918
http://dx.doi.org/10.1007/s00404-011-1868-z
http://www.ncbi.nlm.nih.gov/pubmed/21387087
http://www.ncbi.nlm.nih.gov/pubmed/9400238
http://dx.doi.org/11.2012/JCPSP.694698
http://dx.doi.org/11.2012/JCPSP.694698
http://www.ncbi.nlm.nih.gov/pubmed/23146848
http://dx.doi.org/10.1093/aje/kwp101
http://www.ncbi.nlm.nih.gov/pubmed/19439579
http://dx.doi.org/10.3109/14767050903216025
http://www.ncbi.nlm.nih.gov/pubmed/19724969
http://dx.doi.org/10.1097/AOG.0b013e3182113ae4
http://www.ncbi.nlm.nih.gov/pubmed/21422851
http://www.ncbi.nlm.nih.gov/pubmed/7856711
http://www.ncbi.nlm.nih.gov/pubmed/16626716
http://dx.doi.org/10.1186/1471-2393-14-201
http://www.ncbi.nlm.nih.gov/pubmed/24917037
http://www.ncbi.nlm.nih.gov/pubmed/16118366

@’PLOS ‘ ONE

Gestational Weight Gain and Pregnancy Outcomes

36.

37.

38.

39.

40.
41.

42.

Egan AM, Dennedy MC, Al-Ramli W, Heerey A, Avalos G, Dunne F. ATLANTIC-DIP: excessive gesta-
tional weight gain and pregnancy outcomes in women with gestational or pregestational diabetes melli-
tus. J Clin Endocrinol Metab.2014; 99(1):212—219. doi: 10.1210/jc.2013-2684 PMID: 24187402

Chung JG, Taylor RS, Thompson JM, Anderson NH, Dekker GA, Kenny LC, et al. Gestational weight
gain and adverse pregnancy outcomes in a nulliparous cohort. Eur J Obstet Gynecol Reprod Biol.2013;
167(2):149-153. doi: 10.1016/j.ejogrb.2012.11.020 PMID: 23266206

Misra VK, Hobel CJ, Sing CF. The effects of maternal weight gain patterns on term birth weight in Afri-
can-American women. J Matern Fetal Neonatal Med.2010; 23(8):842-849. doi: 10.3109/
14767050903387037 PMID: 20632908

Heude B, Thiebaugeorges O, Goua V, Forhan A, Kaminski M, Foliguet B, et al. Pre-pregnancy body
mass index and weight gain during pregnancy: relations with gestational diabetes and hypertension,
and birth outcomes. Matern Child Health J.2012; 16(2):355-363. doi: 10.1007/s10995-011-0741-9
PMID: 21258962

Rowland ML. Self-reported weight and height. Am J Clin Nutr.1990; 52(6):1125-1133. PMID: 2239790

Gore SA, Brown DM, West DS. The role of postpartum weight retention in obesity among women: a
review of the evidence. Ann Behav Med.2003; 26(2):149-159. PMID: 14534032

Gunderson EP, Abrams B. Epidemiology of gestational weight gain and body weight changes after
pregnancy. Epidemiol Rev.2000; 22(2):261-274. PMID: 11218377

PLOS ONE | DOI:10.1371/journal.pone.0136850 August 27,2015 15/15


http://dx.doi.org/10.1210/jc.2013-2684
http://www.ncbi.nlm.nih.gov/pubmed/24187402
http://dx.doi.org/10.1016/j.ejogrb.2012.11.020
http://www.ncbi.nlm.nih.gov/pubmed/23266206
http://dx.doi.org/10.3109/14767050903387037
http://dx.doi.org/10.3109/14767050903387037
http://www.ncbi.nlm.nih.gov/pubmed/20632908
http://dx.doi.org/10.1007/s10995-011-0741-9
http://www.ncbi.nlm.nih.gov/pubmed/21258962
http://www.ncbi.nlm.nih.gov/pubmed/2239790
http://www.ncbi.nlm.nih.gov/pubmed/14534032
http://www.ncbi.nlm.nih.gov/pubmed/11218377

