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Abstract: Objective: The aim of this study was to assess and quantify the independent and joint associations of 
maternal body mass index (BMI) and gestational weight gain (GWG) with macrosomia. Methods: PubMed, ELSEVIER 
Science Direct and Springer Link (up to May. 2015) were searched, and the reference list of retrieved articles was 
reviewed. Four authors independently extracted the data. Rev Man 5.2 and Stata 11.0 were used to perform all 
statistical analyses. Fixed-effects or random-effects model was used to pool the results of individual studies (ex-
pressed as odds ratios [ORs] accompanying 95% confidence intervals [CIs]). Results: The systematic review and 
meta-analysis included 31 studies. The independent effects of maternal pre-pregnant overweight (the pooling OR 
was 1.62 [1.47, 1.78], reference by normal weight), obese (2.31 [2.05, 2.59]) and excessive GWG in overall (2.12 
[1.92, 2.34], reference by adequate GWG) were at significantly odds of giving birth to a macrosomia. The joint ef-
fects of maternal excessive GWG in four classes (2.85 [2.36, 3.45], 2.07 [1.94, 2.22], 2.10 [1.93, 2.27] and 1.90 
[1.62, 2.22], respectively, according to order of increasing BMI, reference by adequate GWG within the class) were 
at significantly odds of giving birth to a macrosomia. Conclusion: The results of our study showed that increasing 
maternal BMI and GWG were independently associating with an increasing risk of macrosomia and jointly associat-
ing significantly with macrosomia, but the association between maternal excessive GWG and macrosomia tend to 
be decreased with the increasing of pre-pregnant BMI.
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Introduction

Fetal macrosomia has been defined in several 
different ways, such as birth weighing at least 
4000/4500 g (8 lb 13 oz/9 lb 15 oz) or greater 
than 90% for gestational age after correcting 
for neonatal sex and ethnicity [1, 2]. According 
to an published article in 2008, the prevalence 
of macrosomia, newborns weighing more than 
4000 g, in developed countries was between 
5% and 20% [1] in 1995-2005. While the preva-
lence of macrosomia in 23 developing coun-
tries ranged from 0.5% in India to 14.9% in 
Algeria, collecting data in Africa and Latin 
America in 2004-2005, and in Asia in 2007-
2008 [2]. Especially in China, with almost a 
subquintuple people of the world, it had 
increased from 6.9% in 2007-2008 [2] to 7.3% 
in 2011 [3] in total, and ranging from 4.1% to 

13.4% among provinces in 2011 [3]. And the 
upward trend remained continuing.

Macrosomia is a risk factor for adverse delivery 
outcomes to both the fetus and the maternal, 
which is not only associating with increased 
rates and risks in adverse obstetric outcomes, 
such as caesarean delivery, perineal trauma, 
brachial plexus injury, clavicular fracture, meco-
nium aspiration and prenatal asphyxia com-
pared to infants with normal birth weight [4-8], 
but also going to have many effects on later life, 
such as overweight or obesity, type 2 diabetes, 
asthma, persistent plexus injuries, cancer, met-
abolic syndrome, and insulin resistance during 
childhood and adulthood [8-20]. 

Due to a large number of risks that macrosomia 
pose to both the fetus and the maternal, it is 
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necessary and important to determine risk fac-
tors for macrosomia. According to the American 
College of Obstetricians and Gynecologists 
Practice Bulletin No. 22 in 2000, the risk fac-
tors (excluding preexisting diabetes mellitus) 
for fetal macrosomia, in decreasing order of 
importance, are as follows: a history of macro-
somia, maternal pre-pregnancy weight, gesta-
tional weight gain, multiparity, male fetus, ges-
tational age more than 40 weeks, ethnicity, 
maternal birth weight, maternal height, mater-
nal age younger than 17 years and a positive 
50-g glucose screen with a negative result on 
the three-hour glucose tolerance test [21].

The weight before and during pregnancy are 
important indicators of monitoring and evaluat-
ing a woman’s nutritional status. Furthermore, 
among such many risk factors of macrosomia, 
pre-pregnant BMI and GWG are mainly control-
lable, which could be changed by women of 
reproductive age.

Recent studies have suggested that pre-preg-
nant overweight or obesity and excessive GWG 
were likely contributors to the increased inci-
dence of macrosomia, but the findings have 
been discordance. In order to assess and quan-
tify the independent and joint associations of 
maternal BMI and GWG with macrosomia, we 
conducted the systematic review and meta-
analysis, using the currently published observa-
tional studies.

Materials and methods

Data sources and search

The search strategy was “(Macrosomia OR 
macrosomic OR (giant baby) OR (giant infant) 
AND (pregnancy OR pregnant OR gestation OR 
prenatal OR gestational OR fertile period) AND 
(BMI OR (body mass index) OR (gestational 
weight gain)”. Three electronic bibliographic 
databases (Pub med, ELSEVIER Science Direct 
(SDOS) and Springer Link) were searched sys-

tematically from January 2006 to May 2015. 
The reference lists of relevant studies were 
also searched for additional eligible studies.

Study selection

Observational studies were included irrespec-
tive of publication status, sample size, follow-
up duration. As shown in Table 1, studies clas-
sified pre-pregnancy BMI and gestational 
weight gain according to the recommendations 
of the Institute Of Medicine (IOM) in 1990 or in 
2009. The IOM issued the 2009 GWG guide-
lines updating the 1990 guidelines in response 
to an increase in pre-pregnancy BMI and GWG 
among all population subgroups, and changing 
demographics of the maternal population 
including age and race/ethnicity [22]. 

Study determined macrosomia as birth weight 
greater than 4000 g or 4500 g. Potentially eli-
gible articles were identified according to the 
following inclusion criteria: (1) they were origi-
nal epidemiologic studies; (2) participants were 
pregnant women, and (3) the outcome was 
macrosomia. exclusion criteria: (1) participants 
are special sample, such as diabetic or gesta-
tional diabetic patient; (2) pre-pregnancy BMI 
and gestational weight gain categories didn’t 
match with the recommendations of the 
Institute Of Medicine in 1990 or 2009. Studies 
included in the meta-analysis were: (1) report-
ed pre-pregnant BMI category in the standard 
format (kg/m2); (2) reported odds ratios (ORs) 
accompanying 95% confidence intervals (CIs) 
or had sufficient raw data to calculate; and (3) 
had a reference group of normal-weight or ade-
quate gestational weight gain, no inclusion of 
underweight in the reference category. In the 
case of multiple publications resulting from the 
same data, either the study containing the 
most comprehensive information or the most 
recent study was selected. Disagreements 
regarding criteria fulfillment were resolved by 
discussion among the researchers.

Table 1. IOM gestational weight gain recommendation: 1990 versus 2009 guidelines

Classes of BMI
1990 Recommendations 2009 Recommendations for Total

Prepregnancy 
BMI (kg/m2)

Total Weight Gain Prepregnancy 
BMI (kg/m2)

Total Weight Gain
Range (kg) Range (lbs) Range (kg) Range (lbs)

Underweight <19.8 12.5-18 28-40 <18.5 12.5-18 28-40
Normal-weight 19.8-26 11.5-16 25-35 18.5-24.9 11.5-16 25-35
Overweight 26.1-29 7-11.5 15-25 25-29.9 7-11.5 15-25
Obese >29 ≥7 ≥15 ≥30.0 5-9 11-20
2009 Recommendations: Calculations assume a 0.5-2 kg (1.1-4.4 lbs) weight gain in the first trimester.
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Data-extraction form

Information extracted from each article includ-
ed: first-author, publication year, study design, 
study size, source of study population, strategy 
of pre-pregnancy BMI, macrosomia defined, 
raw data, ORs accompanying 95% CI. Raw data 
for every class of pre-pregnancy BMI or GWG, 
rates of macrosomia in exposed and unex-
posed groups were obtained if possible.

Data extraction and outcomes

Two reviewers first screened studies by title/
abstract and made exclusions based on the 
original eligibility criteria. Studies meeting the 
inclusion criteria were independently reviewed 
by four authors using a piloted data extraction 
form. The retrieved information including study 
characteristics (i.e. first author, publication 
year, study period, location, study design); 
sources and categorizations of maternal BMI 
and GWG; sources and ascertainment of cases; 
ORs and 95% CIs; definition on macrosomia. 
Discrepancies among the four reviewers were 
resolved by discussion.

Statistical analysis

Different thresholds for categorizing maternal 
BMI and GWG have been respectively pooled in 
groups classified as in 1990 or as in 2009. 
Maternal GWG with 12.5-18 kg (BMI ≤18.5 kg/
m2), 11.5-16 kg (BMI 18.5-24.9 kg/m2), 7-11.5 

analyzed with Rev Man 5.2 (Cochrane Review 
Manager; Cochrane Collaboration, Oxford, Unit- 
ed Kingdom) to get the crude ORs accompany-
ing 95% confidence intervals (CIs).

Heterogeneity was estimated using the chi-
square test (considered to be an evidence of 
significant heterogeneity if P<0.1) and the 
Cochrane Q test (quantified with the I2 metric, 
describing the total variation in OR attributable 
to heterogeneity) [24]. I2 = 0 indicates no het-
erogeneity and the larger value indicates the 
greater heterogeneity. As is typical in meta-
analyses, I2 also was used to select the most 
appropriate pooling method [25]: fixed-effects 
models were used for I2≤50% and random-
effects models were used for I2>50%. Z-test 
was applied for testing the overall effect and 
P<0.05 was considered statistically significant. 
Forest plots were constructed to graphically 
present study-specific pooled ORs and 95% 
CIs. The presence of publication bias was test-
ed using a combination of Egger’s regression 
asymmetry test and Begg’s rank correlation 
test (using Stata11.0).

Results

Study selection

As shown in Figure 1, the primary search of Pub 
Med, SDOS and Springer Link identified 3357 
articles, 3288 of which were excluded based 

Figure 1. Flow diagram for retrieving studies from searches.

kg (BMI 25.0-29.9 kg/m2), 
and 5-9 kg (BMI ≥30 kg/m2) 
were defined as adequate 
GWG (respectively, reference 
group in every class) accord-
ing to the IOM in 2009, and in 
the same way as in 1990.

The meta-analysis was con-
ducted and reported accord-
ing to the Statement of Prefe- 
rred Reporting Items for Sys- 
tematic Reviews and Meta-
Analyses (PRISMA) [23]. We ex- 
tracted data from each study 
and analyzed with Stata11.0. 
The crude and adjusted ORs 
estimated in original studies 
were mostly similar, and we 
used adjusted estimates bet-
ter than crude ones in the 
meta-analysis. Therefore, the 
sufficient raw data from sev-
eral of the original studies 
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Table 2. Characteristics of studies included in the systematic review and meta-analysis

Study, year Location (period) Types of cases The sample size (style) Measure of 
maternal BMI

Definition of 
BMI (kg/m2)

Definition 
of macro-
somia (g)

 Data pool-
ing adjusted 

or not 
Monique M. Hedderson, et al. 
2006* [26]

In California 
(1996-1998)

Not specified 45,245 women  
in a cohort 

Pre-pregnant 
weight and height 
(by self-report)

Underweight: <19.8
Normal weight: 19.8-26
Overweight: 26-29
Obese: >29

>4500 Adjusted

Haim A. Abenhaim, et al. 2007* 
[27]

In Montreal, Canada 
(1987-1997)

Not specified 18643 women  
in a cohort study

Pre-pregnant 
weight and height 
(by self-report)

Underweight: <19.9
Normal weight: 20-24.9
Overweght: 25-29.9
Obese I: 30-39.9
Obese II: ≥40
Overweight or Obese: >25

>4500 Adjusted

Sohinee Bhattacharya, et al. 2007* 
[28]

In Aberdeen 
(1976-2005)

≥24 weeks of gesta-
tion, singleton babies

24,241 women  
in a retrospective cohort study

Atantenatal booking 
visit (by record)

Underweight: <19.9
Normal weight: 20-24.9
Overweght: 25-29.9
Obese I: 30-34.9
Obese II: ≥35

>4000 Adjusted

C. Kabali, et al. 2007* [29] In Canada and United 
States (1996-2002)

A gestational age of 
180-310 days

815 women in a  
multicenter case control study

Pre-pregnant 
weight and height 
(by self-report)

Underweight: <19.8
Normal weight: 19.8-26
Overweight or Obese: >26

≥4000 Adjusted

Line Rode, et al. 2007* [30] In Denmark 
(1996-1998)

A gestational age of 
≥37 weeks, singleton 
birth 

2,248 women in a cohort Pre-pregnant 
weight and height 
(by self-report)

Underweight: <19.8
Normal weight: 19.8-26
Overweight: 26-29
Obese: >29

≥4000 Adjusted

Meenakshi T. Sahu, et al. 2007* 
[31]

In North India 
(2005-2006)

Singleton gestations 380 women in a cohort study At first prenatal visit 
early in the second 
trimester (by record)

Normal weight: 19.8-24.9
Obese: ≥30

>4000 Not adjusted

L. Driul, et al. 2008 [32] In Italy (2006) Singleton gestations 916 women in a retrospective 
cohort study  

Pre-pregnant 
weight and height 
(by record)

Underweight: <18.5
Normalweight: 18.5-24.9
Overweght: 25-29.9
Obese: ≥30

>4000 Not adjusted

Ihunnaya O. Frederick, et al. 2008* 
[33]

In Swedish Medical Cen-
ter or Tacoma General 
Hospital (1996-2004)

A singleton birth 2,670 women in a cohort Pre-pregnant 
weight and height 
(by self-report)

Underweight: <19.8
Normalweight: 19.8-26
Overweight: 26-29 
Obese: >29

≥4000 Not adjusted

Patricia M. Dietz, et al. 2009* [34] in US (2000-2005) A gestational weeks 
≥37, singleton birth 

104,980 women in a popula-
tion-based cohort study

Pre-pregnant
weight and height 
(by self-report) 

Underweight: <19.8
Normalweight: 19.8-26
Overweight: 26-29 Obese: >29

≥4500 Adjusted

SUZANNE M. GILBOA, et al. 2008 
[35]

In the United States 
(1981-1989)

Singleton live-born 3,226 in a population-based 
case-control study 

Pre-pregnant 
height and weight 
(by self-report)

Underweight: <18.5
Normal weight: 18.5-24.9
Overweght: 25-29.9 
Obese: ≥30

>4500 Not adjusted

A. S. Khashan, et al. 2009 [36] In Manchester, 
UK (2004-2006)

Singleton 99403 women in a population 
register-based cohort study 

During the first 
antenatal visit

Underweight: <18.5
Normal weight: 18.5-24.9
Overweght: 25-29.9
Obese I: 30-40
Obese II: ≥40

>4500 Adjusted
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Zhenyu Chen, et al. 2010 [37] In Shenyang province, 
China (2009)

Not specified 2586 women in a retrospective 
cohort study

Pre-pregnant  
weight and height  
(by self-report)

Underweight: <18.5
Normal weight: 18.5-23.9
Overweght: 24-27.9
Obese: ≥28

>4000 Adjusted

Aisha Langford, et al. 2011* [38] In Missouri, US  
(1990-2004) 

A gestational age of 
≥37 weeks, singleton 
birth

34,143 women in a population-
based cohort study

Pre-pregnant weight 
and height (by ret-
rospective self-report)

Underweight: <19.8
Normal weight: 19.8-26
Overweight: 26-29 Obese: >29

>4000 Adjusted

Per Ovesen, et al. 2011 [39] In Kongeriget Danmark 
(2004-2010)

Singleton 403,092 women in a popula-
tion-based cohort 

Pre-pregnant  
weight and height  
(by self-report)

Underweight: <18.5
Normal weight: 18.5-24.9
Overweght: 25-29.9
Obese I: 30-34.9
Obese II: ≥35

>4500 Not adjusted

Kimberly K. Vesco, et al. 2011 [40] In northwestern Oregon 
and southwestern Wash-
ington (2000-2005)

A gestational age of 
≥37 weeks, singleton 
live birth

2,080 obese women In a retro-
spective cohort study

At beginning of  
pregnancy (by record)

Underweight: <18.5
Normal weight: 18.5-24.9
Overweight: 25-29.9 
Obese: ≥30

>4500 Adjusted

Shouyong Gu, et al. 2012 [41] In Jiangsu Province, 
China

Singleton term born 21315 women in a nested 
case-control study

At the first prenatal 
care visit

Underweight: <18.5
Normal weight: 18.5-23.9
Overweght: 24-27.9
Obese: ≥28

≥4000 Not adjusted

Yuanyuan Liu, et al. 2012 [42] In Hebei, Jiangsu and 
Zhejiang Provinces. 
China (1993-2005)

37-42 weeks of  
gestation live-born,  
singletons 

292568 women in a cohort During the first tri-
mester (by record)

Underweight: <18.5
Normal weight: 18.5-24.9
Overweight:25-29.9
 Obese: ≥30

≥4000 Adjusted

SEBASTIAN MANZANARES GALAN, 
et al. 2012 [43]

In Granada, Spain 
(2007-2009)

Not specified 3016women in a case-control 
study

During first ten  
weeks of pregnancy 
(by record)

Underweight: <18.5
Normal weight: 20-24.9  
Obese: ≥35

>4000 Adjusted

Inmaculada Bautista-Castan˜o, et 
al. 2013 [44]

In Gran Canaria, Spain 
(2008)

Not specified 6558 pregnant women in a 
population-based retrospective 
cohort study

Pre-pregnant  
weight and height  
(by record)

Underweight: <18.5
Normal weight: 18.5-24.9
Overweght: 25-29.9
 Obese: ≥30

>4000 Adjusted

Chukwuemeka A Iyoke, et al. 2013 
[45]

In South-East Nigeria 
(2010-2011)

Singleton babies 6,651 women in a retrospec-
tive cohort study

In the first trimester 
(by record)

Underweight: <18.5
Normal weight: 18.5-24.9
Overweght: 25-29.9
Obese: ≥30

Not speci-
fied

Not adjusted

Nan Li, et al. 2013 [46] In Tianjin, China  
(2009-2011)

Singleton live birth 33,973 pregnant women in 
the cohort 

Within the first 12 
weeks of pregnancy 
(by clinical record)

Underweight: <18.5
Normal weight: 18.5-23.9 
Overweight: 24.0-27.9 
Obese: ≥28

≥4000 Adjusted

Se Li, et al. 2013 [47] In US (1995-2003) Gestational age >37 
weeks, singleton birth

6687 mother-infant pairs in 
the cohort 

Pre-pregnant weight 
and height (by ret-
rospective self-report)

Underweight: <18.5
Normal weight: 18.5-24.9
Overweight: 25-29.9
Obese: ≥30

≥4000 Adjusted

Eugene Oteng-Ntim, et al. 2013 
[48]

In UK (2004-2008) ≥24 weeks of 
gestation, singleton 
deliveries

23,668 women in a retrospec-
tive cohort study  

At first antenatal visit 
(by record)

Underweight: <18.5
Normal weight: 18.5-24.9
Overweght: 25-29.9
Obese I: 30-34.9
Obese II: ≥35

>4000 Adjusted
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R Scott-Pillai, et al. 2013 [49] In UK (2004-2011) ≥24 weeks of 
gestation, singleton 
pregnancies

30,298 in retrospective cohrt 
study

Before 16 weeks of 
gestation

Underweight: <18.5
Normal weight: 18.5-24.9
Overweght: 25-29.9
Obese I: 30-34.9
Obese II: 35-39.9
Obese III: ≥40

>4000 Adjusted

Salvatore Alberico, et al. 2014 [50] In North-Eastern Italy a gestational age of 
≥37 weeks,  
singleton birth

14109 women in a cohort Pre-pregnant weight 
and height (by ret-
rospective self-report)

Underweight: <18.5
Normal weight: 18.5-24.9
Overweight: 25-29.9
Obese: ≥30

>4000 Adjusted

Izumi Chihara, et al. 2014 [51] In Hawaii (2003-2005) 20-44 weeks of  
gestation, singleton 
live births

19,130 mother-infant pairs in 
the cohort 

Pre-pregnant weight 
and height (by a pre-
natal WIC record)

Underweight: <18.5
Normal weight: 18.5-24.9
Overweight: 25-29.9
 Obese: ≥30

≥4000 Adjusted

Margaretha Haugen, et al. 2014# 
[52]

In Norway (1999-2008) 37-42 gestational 
weeks, singleton live 
birth

56,101 pregnant women in the 
prospective Cohort Study 

Pre-pregnant weight 
and height (by ques-
tionnaire)

Normal weight: 18.5-24.9
Overweight: 25-29.9
 Obese: ≥30

>4500 Adjusted

Peng Shi, et al. 2014 [53] In Kunshan, China 
(2006-2010)

37-41 weeks of gesta-
tion, singleton birth

27,322 women in a retrospec-
tive cohort study 

Between the 8th 
and 20th week of 
gestation (by the first 
prenatal visit record)

Underweight: <18.5
Normal weight: 18.5-24.9
Overweight: 25-29.9
 Obese: ≥30

≥4000 Adjusted

Aimin Chen, et al. 2015 [54] In Ohio (2006-2012) 22-44 weeks of  
gestation, singleton 
live births

869,531 women in the cohort  Pre-pregnant 
weight and height (by 
retrospective 
self-report)

Underweight: 15.0-18.4
Normal weight: 18.5-24.9
Overweight: 25.0-29.9
Obese: 30.0-50.0

>4000 Adjusted

Shaoping Yang, et al. 2015 [55] Wuhan, China (2011-
2013)

≥28 gestational 
weeks, a singleton, 
and live birth

85,765 mothers in the cohort Pre-pregnant weight 
and height (by ret-
rospective self-report)

Undeweight: <18.5 Normal 
weight: 18.5-24.9 Overweight 
or Obese: ≥25

>4000 Adjusted

#this article contains 2 studies. *these articles classified pregnant BMI and GWG according to IOM in 1990.
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Figure 2. Forest Plot for independent associations. A: Associations between underweight and macrosomia; B: As-
sociations between overweight and macrosomia; C: Associations between obese and macrosomia; D: Associations 
between inadequate GWG and macrosomia; E: Associations between excessive GWG and macrosomia.
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Figure 3 Forest Plot for joint associations. A1-D1: associations between inadequate GWG in four BMI classes and macrosomia; A2-D2: associations between exces-
sive GWG in four BMI classes and macrosomia.
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on the review of the title/abstract; further 
reviewing the reference lists of the 67 articles 
identified another 4 studies for possible inclu-
sion. By reviewing the whole 71 articles accord-
ing to the pre-specified inclusion criteria, 41 
were excluded. Therefore, 30 articles [26-55] 
(containing 31 eligible studies) were screened 
for final inclusion in the systematic review. 

Study characteristics

As Table 2 shows, among the 31 studies, 27 
(87.1%) were cohort studies (3 samples were 
less than 1000) and 4 (12.9%) were case con-
trol studies; 19 (61.3%) were reported pre-
pregnant weight and height by self-report or by 
clinical record, and 12 (38.7%) were reported 
weight and height in the first trimester by clini-
cal record replacing the pregnant weight and 
height, in that the weight in the first trimester 
was similar to the pre-pregnant weight; 21 
(67.7%) were define macrosomia as at least 
4000, and 9 (29%) were define macrosomia as 
at least 4500 g, the other one was unknown; 
20 (64.5%) reported association between pre-
pregnant BMI and macrosomia, 7 (22.6%) re- 
ported association between gestational weight 
gain in total and macrosomia, 14 (45.2%) 
reported association between gestational 

weight gain in subgroup by pre-pregnant BMI 
and macrosomia.

Meta analysis results

The quantitative findings are presented in 
Figures 2, 3 and Table 3.

The independent effects of maternal pre-preg-
nant overweight (the pooling OR was 1.62 
[1.47, 1.78], reference by normal weight), obese 
(2.31 [2.05, 2.59]) and excessive GWG in over-
all (2.12 [1.92, 2.34], reference by adequate 
GWG) were at significantly odds of giving birth 
to a macrosomia. But maternal pre-pregnant 
underweight (0.50 [0.45, 0.55]) and inade-
quate GWG in total (0.68 [0.55, 0.83]) associat-
ing with macrosomia were negative, which see- 
med to be good for preventing macrosomia.

The joint effects of maternal excessive GWG in 
four pre-pregnant BMI classes (2.85 [2.36, 
3.45], 2.07 [1.94, 2.22], 2.10 [1.93, 2.27] and 
1.90 [1.62, 2.22], respectively, according to 
order of increasing BMI, reference by adequate 
GWG within the class) were at significantly odds 
of giving birth to a macrosomia. The estimates 
of maternal inadequate GWG in underweight, 
normal-weight and overweight (0.58 [0.41, 

Table 3. Summary estimates of the meta-analysis

Maternal weight indexes and macrosomia Studies 
(NO.)

Pooling OR, 
95% CI

P 
value I2 (P value) Method

Change pooling method
Pooled OR, 

95% CI P value

Pre-BMI 

    Under weight 17 0.50 (0.45, 0.55) 0.000 38.3% (0.055) Random 0.49 (0.46, 0.52) 0.000 

    Normal weight Reference

    Overweight 15 1.62 (1.47, 1.78) 0.000 87.7% (0.000) Random 1.65 (1.61, 1.70) 0.000 

    Obese 27 2.31 (2.05, 2.59) 0.000 89.3% (0.000) Random 2.29 (2.22, 2.37) 0.000 

Overall of GWG

    Inadequate 7 0.68 (0.55, 0.83) 0.000 72.4% (0.001) Random 0.63 (0.59, 0.68) 0.000 

    Adequate Reference

    Excessive 7 2.12 (1.92, 2.34) 0.000 59.2% (0.023) Random 2.06 (1.98, 2.15) 0.000 

Subgroup of GWG by pre-BMI 

    Inadequate in Under weight 5 0.58 (0.41, 0.83) 0.003  0.0% (0.628) Fixed 0.58 (0.41, 0.83) 0.003 

    Adequate in Under weight Reference

    Excessive in Under weight 7 2.85 (2.36, 3.45) 0.000 0.0% (0.905) Fixed 2.85 (2.36, 3.45) 0.000 

    Inadequate in Normal weight 9 0.70 (0.67, 0.73) 0.000 27.8% (0.197) Fixed 0.70 (0.64, 0.77) 0.000 

    Adequate in Normal weight Reference

    Excessive in Normal weight 11 2.07 (1.94, 2.22) 0.000 51.7% (0.023) Random 1.99 (1.94, 2.04) 0.000 

    Inadequate in Overweight 5 0.63 (0.50, 0.78) 0.000 15.1% (0.318) Fixed 0.64 (0.46, 0.88) 0.007 

    Adequate in Overweight Reference

    Excessive in Overweight 7 2.10 (1.93, 2.27) 0.000 10.9% (0.346) Fixed 2.07 (1.85, 2.32) 0.007 

    Inadequate in Obese 5 0.81 (0.62, 1.06) 0.123 0.0% (0.425) Fixed 0.81 (0.62, 1.06) 0.123 

    Adequate in Obese Reference

    Excessive in Obese 7 1.90 (1.62, 2.22) 0.000 25.1% (0.237) Fixed 1.89 (1.56, 2.30) 0.000 
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0.83], 0.70 [0.67, 0.73], 0.63 [0.50, 0.78]) with 
macrosomia were significantly below 1, which 
were protective factor for preventing macroso-
mia. But in the obese group, the estimate (0.81 
[0.62, 1.06]) was not so significant, which may 
need more studies to make the association 
clear.

We analyzed the data in subgroups according 
to the difference of BMI in IOM recommenda-

tions in 1990 and 2009, and the results of 
comparing the two subgroups in the same class 
of BMI were similar on confirming the associa-
tions between the maternal and the offspring.

Publication bias

We used Egger’s test and Begg’s test to create 
a funnel chart and found that the plots were 
essentially symmetric with P values greater 

Figure 4. Funnel Plot and quantitative analysis of publication bias for independent associations. A: Bias for associa-
tion between underweight and macrosomia; B: Bias for associations between overweight and macrosomia; C: Bias 
for associations between obese and macrosomia; D: Bias for associations between inadequate GWG and macroso-
mia; E: Bias for associations between excessive GWG and macrosomia.
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than 0.05, suggesting that there was no obvi-
ous publication bias (Figures 4 and 5). 

Sensitivity Analysis

As shown in Table 3, changing pooling models 
did not significantly modify the pooled ORs for 
macrosomia.

Comments

Main findings 

This systematic review aimed at exploring the 
associations of pre-pregnant BMI and GWG 
with macrosomia. The meta-analysis demon-
strated that the higher pre-pregnant weight sta-
tus or gestational weight gain had associated 
with fetal higher birth weight. The difference 
among underweight group, normal-weight or 
overweight group and obese group were statis-
tically significant, which presented dose-res- 
ponse relationship, considering adequate GWG 
as a reference. The mechanisms remained to 
be studied. The women whose pre-pregnant 
BMI are out of the range of normal-weight might 
have paid more attention to the effect of their 
own weight and weight gain to the health of 
both generations through the whole pregnancy, 
which might conduce to limitation of the GWG. 
As we all have seen that the adequate GWG of 
IOM recommendation in 1990 or in 2009 
decreased with increasing BMI, therefore, GWG 
modified the association between Pre-pregnant 
BMI and macrosomia to a certain extent.

Maternal underweight and inadequate gesta-
tional weight gain seemed to be good for pre-
venting macrosomia, which were reported 
increasing risk of giving birth to babies with low 
birth weight (LBW) [56, 57]. LBW is a conse-
quence of reduced length of gestation and/or 
restricted fetal growth in utero [58]. Both pre-
maturity and growth restriction make important 
contributions to morbidity and mortality during 
infancy, and in the long term these conditions 
may put adults at risk for a wide range of 
adverse health outcomes [59-61]. So appropri-
ate maternal pre-pregnant BMI and GWG are 
very important to birth weight of offspring and 
the health during childhood and adulthood.

Strength and limitation 

Strength: Our meta-analysis focused on the 
maternal weight status during the whole stage 
of pregnancy, include before and during preg-
nancy, impacting on delivering macrosomia, so 
we analyzed the independent and joint associa-
tions. Although searching for eligible article, we 
found three systematic reviews [56, 57, 62] 
relating on macrosomia, which were similar to 
our study, they studied parts of the whole stage 
of pregnancy.

In the meantime, study articles in our meta-
analysis were published from January 2006 to 
May 2015, and the IOM issued the 2009 GWG 
guidelines updating the 1990 guidelines, so we 
split the including studies in two subgroups and 
respectively probed the associations of pre-
pregnant BMI and GWG with macrosomia, then 
the subgroup results had been compared. 
Though the difference of IOM recommenda-
tions on total gestational weight gain was not 
so great, the lower limit of normal weight was 
decreased and the upper limit of overweight 
was increased, so the rang of normal-weight 
and overweight as a whole was expanded, 
therefore we analyzed the data in subgroups. 
And the difference between subgroup results 
of the associations were not statistically 
significant.

limitation: According to our exclusion criteria, 
that participants were special sample were not 
eligible, such as diabetic or gestational diabetic 
patient. As maternal pre-pregnant BMI, gesta-
tional weight gain, and diabetic were tightly 
linked [63-65], obesity and excessive gesta-
tional weight gain would exaggerate diabetic 
and diabetic could worsen macrosomia [66].We 
also excluded special sample studies on preg-
nant age like maternal age ≤18 years [67, 68], 
considering that it was not only a health prob-
lem, but also a public challenge. So we didn’t 
take the interference of above factors into 
account in the process of analyzing the associ-
ations of pre-pregnant BMI and GWG with 
macrosomia.

Figure 5 Funnel Plot and quantitative analysis of publication bias for joint associations. A1-D1: bias for associations 
between inadequate GWG in four BMI classes (in order of underweight, normal-weight, overweight and obese) and 
macrosomia;. A2-D2: bias for associations between excessive GWG in four BMI classes (in order of underweight, 
normal-weight, overweight and obese) and macrosomia.
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Conclusion

Increasing maternal BMI and GWG were inde-
pendently associating with an increasing risk of 
macrosomia and jointly associating significant-
ly with macrosomia. With identifying macroso-
mia difficultly before delivery [21, 69], and the 
increasing trend in diabetes and obesity in 
women of childbearing age [70, 71], in that dia-
betes has synergistic effect with obese on 
bearing macrosomia, macrosomia should be 
considered as a public health problem that 
could be worse in the future [2]. At the earlier 
period of life, the birth weight of macrosomia is 
above the normal range, which could be a risk 
factor to chronic diseases in later life, so reduc-
ing the birth rate of macrosomia may improve 
the health level of adult life, and decrease the 
morbidity of chronic diseases. So it is imminent 
to strengthen the intervention to women of 
reproductive age. Based on the above consid-
eration, the results of this study could provide 
reference to minimize the rate of macrosomia 
and implement early intervention against risk 
factors of chronic diseases.

Acknowledgements

No financial disclosures and funding sources/
support were reported.

Disclosure of conflict of interest

None.

Authors’ contribution

Weiqiang Zhou had full access to all of the data 
in the study and takes responsibility for the 
integrity of the data and the accuracy of the 
data analysis. No compensation was received 
for such contributions. Written permission had 
been obtained from all persons named in the 
acknowledgment section. Study concept and 
design: Weiqiang Zhou, Qian Hong. Acquisition 
of data: Weiqiang Zhou, Xing-xing Sun, Yu Hao, 
Shuxinyi Yang. Analysis and interpretation of 
data: Weiqiang Zhou, Qian Hong, Xing-xing Sun, 
Yu Hao, Shuxinyi Yang. Drafting of the manu-
script: Weiqiang Zhou. Critical revision of the 
manuscript for important intellectual content: 
Weiqiang Zhou, Qian Hong. Statistical analysis: 
Weiqiang Zhou. Study supervision: Weiqiang 
Zhou, Qian Hong.

Address correspondence to: Qian Hong, School of 
Health Services Management, Anhui Medical 
University, Hefei 230032, China. Tel: 0086-551-
65165913; Fax: 0086-551-65165913; E-mail: 
sheyihq@163.com

References

[1] Henriksen T. The macrosomic fetus: a chal-
lenge in current obstetrics. Acta Obstet Gynecol 
Scand 2008; 87: 134-145.

[2] Koyanagi A, Zhang J, Dagvadorj A, Hirayama F, 
Shibuya K, Souza JP and Gülmezoglu AM. 
Macrosomia in 23 developing countries: an 
analysis of a multicountry, facility-based, 
cross-sectional survey. Lancet 2013; 381: 
476-483.

[3] Li G, Kong L, Li Z, Zhang L, Fan L, Zou L, Chen 
Y, Ruan Y, Wang X and Zhang W. Prevalence of 
macrosomia and its risk factors in china: a 
multicentre survey based on birth data involv-
ing 101,723 singleton term infants. Paediatr 
Perinat Epidemiol 2014; 28: 345-350.

[4] Diani F, Venanzi S, Zanconato G, Murari S, 
Moscatelli C and Turinetto A. Fetal macrosomia 
and management of delivery. Clin Exp Obstet 
Gynecol 1997; 24: 212-214.

[5] Heiskanen N, Raatikainen K and Heinonen S. 
Fetal Macrosomia-A continuing obstetric chal-
lenge. Biol Neonate 2006; 90: 98-103.

[6] Mahony R, Walsh C, Foley ME, Daly L and 
O’Herlihy C. Outcome of second delivery after 
prior macrosomic infant in women with normal 
glucose tolerance. Obstet Gynecol 2006; 107: 
857-862.

[7] Walsh CA, Mahony RT, Foley ME, Daly L and 
O’Herlihy C. Recurrence of fetal macrosomia in 
non-diabetic pregnancies. J Obstet Gynaecol 
2007; 27: 374-378.

[8] Wojcicki JM, Hessol NA, Heyman MB and 
Fuentes-Afflick E. Risk factors for macrosomia 
in infants born to Latina women. J Perinatol 
2008; 28: 743-749.

[9] Kolderup LB, Laros RK Jr and Musci TJ. 
Incidence of persistent birth injury in macroso-
mic infants: association with mode of delivery. 
Am J Obstet Gynecol 1997; 177: 37-41.

[10] Rasmussen F and Johansson M. The relation 
of weight, length and ponderal index at birth to 
body mass index and overweight among 
18-year-old males in Sweden. Eur J Epidemiol 
1998; 14: 8.

[11] Innes K1, Byers T, Schymura M. Birth charac-
teristics and subsequent risk for breast cancer 
in very young women. Am J Epidemiol 2000; 
15: 8.

[12] Ahlgren M, Sørensen T, Wohlfahrt J, Hafli- 
dadóttir A, Holst C, Melbye M. Birth weight and 
risk of breast cancer in a cohort of 106,504 
women. Int J Cancer 2003; 107: 4.

mailto:sheyihq@163.com


Associations of maternal pre-pregnancy BMI and GWG

22945 Int J Clin Exp Med 2016;9(12):22931-22947

[13] McCormack VA, dos Santos Silva I, De Stavola 
BL, Mohsen R, Leon DA, Lithell HO. Fetal 
growth and subsequent risk of breast cancer: 
results from long term follow up of Swedish co-
hort. BMJ 2003; 326: 248.

[14] Mei Z, Grummer-Strawn LM, Scanlon KS. Does 
overweight in infancy persist through the pre-
school years? An analysis of CDC Pediatric 
Nutrition Surveillance System data. Soz 
Praventivmed 2003; 48: 7.

[15] Rogers I. The influence of birthweight and in-
trauterine environment on adiposity and fat 
distribution in later life. Int J Obes Relat Metab 
Disord 2003; 27: 23.

[16] Sin DD, Spier S, Svenson LW, Schopflocher DP, 
Senthilselvan A, Cowie RL, Man SF. The rela-
tionship between birth weight and childhood 
asthma: a population-based cohort study. Arch 
Pediatr Adolesc Med 2004; 158: 5.

[17] Boney CM, Verma A, Tucker R, Vohr BR. Meta- 
bolic syndrome in childhood: association with 
birth weight, maternal obesity, and gestational 
diabetes mellitus. Pediatrics 2005; 115: 7.

[18] Leary S, Fall C, Osmond C, Lovel H, Campbell 
D, Eriksson J, Forrester T, Godfrey K, Hill J, Jie 
M, Law C, Newby R, Robinson S and Yajnik C. 
Geographical variation in relationships be-
tween parental body size and offspring pheno-
type at birth. Acta Obstet Gynecol Scand 2006; 
85: 1066-1079.

[19] Harder T, Rodekamp E, Schellong K, Duden- 
hausen JW, Plagemann A. Birth weight and 
subsequent risk of type 2 diabetes: a meta-
analysis. Am J Epidemiol 2007; 165: 9.

[20] Wang Y, Gao E, Wu J, Zhou J, Yang Q, Walker 
MC, Mbikay M, Sigal RJ, Nair RC and Wen SW. 
Fetal macrosomia and adolescence obesity: 
results from a longitudinal cohort study. Int J 
Obes (Lond) 2009; 33: 923-928.

[21] Chatfield J. ACOG issues guidelines on fetal 
macrosomia. American college of obstetricians 
and gynecologists. Am Fam Physician 2001; 
64: 169-170.

[22] KM R and AL Y. Weight Gain During Pregnancy: 
Reexamining the Guidelines. Washington (DC): 
National Academies Press (US); 2009. 

[23] Moher D, Liberati A, Tetzlaff J, Altman DG; 
Group P. Preferred reporting items for system-
atic reviews and meta-analyses: the PRISMA 
statement. BMJ 2009; 339: b2535.

[24] Higgins JP, Thompson SG, Deeks JJ and Altman 
DG. Measuring inconsistency in meta-analy-
ses. BMJ 2003; 327: 557-560.

[25] Chu SY, Kim SY, Lau J, Schmid CH, Dietz PM, 
Callaghan WM and Curtis KM. Maternal obesi-
ty and risk of stillbirth: a metaanalysis. Am J 
Obstet Gynecol 2007; 197: 223-228.

[26] Hedderson MM, Weiss NS, Sacks DA, Pettitt 
DJ, Selby JV, Quesenberry CR and Ferrara A. 

Pregnancy weight gain and risk of neona- 
tal complications-Macrosomia, hypoglycemia, 
and hyperbilirubinemia. Obstet Gynecol 2006; 
108: 1153-1161.

[27] Abenhaim HA, Kinch RA, Morin L, Benjamin A 
and Usher R. Effect of prepregnancy body 
mass index categories on obstetrical and neo-
natal outcomes. Arch Gynecol Obstet 2007; 
275: 39-43.

[28] Bhattacharya S, Campbell DM, Liston WA and 
Bhattacharya S. Effect of body mass index on 
pregnancy outcomes in nulliparous women de-
livering singleton babies. BMC Public Health 
2007; 7: 168.

[29] Kabali C and Werler MM. Pre-pregnant body 
mass index, weight gain and the risk of deliver-
ing large babies among non-diabetic mothers. 
Int J Gynaecol Obstet 2007; 97: 100-104.

[30] Rode L, Hegaard HK, Kjærgaard H, Mølle LF, 
Tabor A and Ottesen B. Association between 
maternal weight gain ang birth weight. Obstet 
Gynecol 2007; 109: 7.

[31] Sahu MT, Agarwal A, Das V and Pandey A. 
Impact of maternal body mass index on obstet-
ric outcome. J Obstet Gynaecol Res 2007; 33: 
655-659.

[32] Driul L, Cacciaguerra G, Citossi A, Martina MD, 
Peressini L and Marchesoni D. Prepregnancy 
body mass index and adverse pregnancy out-
comes. Arch Gynecol Obstet 2008; 278: 23-
26.

[33] Frederick IO, Williams MA, Sales AE, Martin DP 
and Killien M. Pre-pregnancy body mass index, 
gestational weight gain, and other maternal 
characteristics in relation to infant birth weight. 
Matern Child Health J 2008; 12: 557-567.

[34] Gilboa SM, Correa A and Alverson CJ. Use of 
spline regression in an analysis of maternal 
prepregnancy body mass index and adverse 
birth outcomes: does it tell us more than we 
already know? Ann Epidemiol 2008; 18: 196-
205.

[35] Dietz PM, Callaghan WM and Sharma AJ. High 
pregnancy weight gain and risk of excessive 
fetal growth. Am J Obstet Gynecol 2009; 201: 
51 e51-56.

[36] Khashan AS and Kenny LC. The effects of ma-
ternal body mass index on pregnancy out-
come. Eur J Epidemiol 2009; 24: 697-705.

[37] Chen Z, Du J, Shao L, Zheng L, Wu M, Ai M and 
Zhang Y. Prepregnancy body mass index, ges-
tational weight gain, and pregnancy outcomes 
in China. Int J Gynaecol Obstet 2010; 109: 41-
44.

[38] Langford A, Joshu C, Chang JJ, Myles T and 
Leet T. Does gestational weight gain affect the 
risk of adverse maternal and infant outcomes 
in overweight women? Matern Child Health J 
2011; 15: 860-865.



Associations of maternal pre-pregnancy BMI and GWG

22946 Int J Clin Exp Med 2016;9(12):22931-22947

[39] Ovesen P, Rasmussen S and Kesmodel U. 
Effect of prepregnancy maternal overweight 
and obesity on pregnancy outcome. Obstet 
Gynecol 2011; 118: 305-312.

[40] Vesco KK, Sharma AJ, Dietz PM, Rizzo JH, 
Callaghan WM, England L, Bruce FC, Bachman 
DJ, Stevens VJ and Hornbrook MC. Newborn 
size among obese women with weight gain out-
side the 2009 Institute of medicine recom-
mendation. Obstet Gynecol 2011; 117: 812-
818.

[41] Gu S, An X, Fang L, Zhang X, Zhang C, Wang J, 
Liu Q, Zhang Y, Wei Y, Hu Z, Chen F and Shen H. 
Risk factors and long-term health consequenc-
es of macrosomia: a prospective study in 
Jiangsu Province, China. J Biomed Res 2012; 
26: 235-240.

[42] Liu Y, Dai W, Dai X and Li Z. Prepregnancy body 
mass index and gestational weight gain with 
the outcome of pregnancy: a 13-year study of 
292,568 cases in China. Arch Gynecol Obstet 
2012; 286: 905-911.

[43] Sebastian Manzanares G, Angel Santalla H, 
Irene Vico Z, Lopez Criado MS, Alicia Pineda L 
and Jose Luis Gallo V. Abnormal maternal body 
mass index and obstetric and neonatal out-
come. J Matern Fetal Neonatal Med 2012; 25: 
308-312.

[44] Bautista-Castano I, Henriquez-Sanchez P, 
Aleman-Perez N, Garcia-Salvador JJ, Gonzalez-
Quesada A, Garcia-Hernandez JA and Serra-
Majem L. Maternal obesity in early pregnancy 
and risk of adverse outcomes. PLoS One 2013; 
8: e80410.

[45] Iyoke CA, Ugwu GO, Ezugwu FO, Lawani OL and 
Onyebuchi AK. Retrospective cohort study of 
the effects of obesity in early pregnancy on 
maternal weight gain and obstetric outcomes 
in an obstetric population in Africa. Int J 
Womens Health 2013; 5: 501-507.

[46] Li N, Liu E, Guo J, Pan L, Li B, Wang P, Liu J, 
Wang Y, Liu G, Baccarelli AA, Hou L and Hu G. 
Maternal prepregnancy body mass index and 
gestational weight gain on pregnancy out-
comes. PLoS One 2013; 8: e82310.

[47] Li S, Rosenberg L, Palmer JR, Phillips GS, 
Heffner LJ and Wise LA. Central adiposity and 
other anthropometric factors in relation to risk 
of macrosomia in an african american popula-
tion. Obesity 2013; 21: 178-184.

[48] Oteng-Ntim E, Kopeika J, Seed P, Wandiembe S 
and Doyle P. Impact of obesity on pregnancy 
outcome in different ethnic groups: calculating 
population attributable fractions. PLoS One 
2013; 8: e53749.

[49] Scott-Pillai R, Spence D, Cardwell CR, Hunter A 
and Holmes VA. The impact of body mass in-
dex on maternal and neonatal outcomes: a 
retrospective study in a UK obstetric popula-
tion, 2004-2011. BJOG 2013; 120: 932-939.

[50] Alberico S, Montico M, Barresi V, Monasta L, 
Businelli C, Soini V, Erenbourg A, Ronfani L, 
Maso G; Multicentre Study Group on Mode of 
Delivery in Friuli Venezia Giulia. The role of ges-
tational diabetes, pre-pregnancy body mass 
index and gestational weight gain on the risk of 
newborn macrosomia results from a prospec-
tive multicentre study. BMC Pregnancy 
Childbirth 2014; 14: 23.

[51] Chihara I, Hayes DK, Chock LR, Fuddy LJ, 
Rosenberg DL and Handler AS. Relationship 
between gestational weight gain and birth-
weight among clients enrolled in the Special 
Supplemental Nutrition Program for Women, 
Infants, and Children (WIC), Hawaii, 2003-
2005. Matern Child Health J 2014; 18: 1123-
1131.

[52] Haugen M, Brantsaeter AL, Winkvist A, Lissner 
L, Alexander J, Oftedal B, Magnus P and 
Meltzer HM. 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.

[53] Shi P, Yang W, Yu Q, Zhao Q, Li C, Ma X, Jin L, 
Han X, Zhang Y and Yan W. Overweight, gesta-
tional weight gain and elevated fasting plasma 
glucose and their association with macroso-
mia in chinese pregnant women. Matern Child 
Health J 2014; 18: 10-15.

[54] Chen A, Xu F, Xie C, Wu T, Vuong AM, Miao M, 
Yuan W and DeFranco EA. Gestational Weight 
Gain Trend and Population Attributable Risks 
of Adverse Fetal Growth Outcomes in Ohio. 
Paediatr Perinat Epidemiol 2015; 29: 346-
350.

[55] Yang S, Peng A, Wei S, Wu J, Zhao J, Zhang Y, 
Wang J, Lu Y, Yu Y and Zhang B. Pre-Pregnancy 
body mass index, gestational weight gain, and 
birth weight: a cohort study in China. PLoS One 
2015; 10: e0130101.

[56] Siega-Riz AM, Viswanathan M, Moos MK, 
Deierlein A, Mumford S, Knaack J, Thieda P, 
Lux LJ and Lohr KN. A systematic review of out-
comes of maternal weight gain according to 
the Institute of Medicine recommendations: 
birthweight, fetal growth, and postpartum 
weight retention. Am J Obstet Gynecol 2009; 
201: 339 e331-314.

[57] Yu Z, Han S, Zhu J, Sun X, Ji C and Guo X. Pre-
pregnancy body mass index in relation to in-
fant birth weight and offspring overweight/
obesity: a systematic review and meta-analy-
sis. PLoS One 2013; 8: e61627.

[58] Kramer MS. The epidemiology of adverse preg-
nancy outcomes: an overview. J Nutr 2003; 
133: 1592S-1596S.

[59] Rogers LK and Velten M. Maternal inflamma-
tion, growth retardation, and preterm birth: 



Associations of maternal pre-pregnancy BMI and GWG

22947 Int J Clin Exp Med 2016;9(12):22931-22947

Insights into adult cardiovascular disease. Life 
Sci 2011; 89: 417-421.

[60] Longo S, Bollani L, Decembrino L, Di Comite A, 
Angelini M and Stronati M. Short-term and 
long-term sequelae in intrauterine growth re-
tardation (IUGR). J Matern Fetal Neonatal Med 
2013; 26: 222-225.

[61] Fleischer NL, Merialdi M, van Donkelaar A, 
Vadillo-Ortega F, Martin RV, Betran AP and 
Souza JP. Outdoor air pollution, preterm birth, 
and low birth weight: analysis of the world 
health organization global survey on maternal 
and perinatal health. Environ Health Perspect 
2014; 122: 425-430.

[62] Gaudet L, Ferraro ZM, Wen SW and Walker M. 
Maternal obesity and occurrence of fetal mac-
rosomia: a systematic review and meta-analy-
sis. Biomed Res Int 2014; 2014: 640291.

[63] Hu FB, Manson JE, Stampfer MJ, Colditz G, Liu 
S, Solomon CG and Willett WC. Diet, lifestyle, 
and the risk of type 2 diabetes mellitus in 
women. N Engl J Med 2001; 345: 790-797.

[64] Hedderson MM, Gunderson EP and Ferrara A. 
Gestational weight gain and risk of gestational 
diabetes mellitus. Obstet Gynecol 2010; 115: 
597-604.

[65] Carreno CA, Clifton RG, Hauth JC, Myatt L, 
Roberts JM, Spong CY, Varner MW, Thorp JM Jr, 
Mercer BM, Peaceman AM, Ramin SM, 
Carpenter MW, Sciscione A, Tolosa JE, Saade 
GR, Sorokin Y; Eunice Kennedy Shriver National 
Institute of Child Health and Human Develop- 
ment (NICHD) Maternal-Fetal Medicine Units 
(MFMU) Network. Excessive early gestational 
weight gain and risk of gestational diabetes 
mellitus in nulliparous women. Obstet Gynecol 
2012; 119: 1227-1233.

[66] Harper LM, Tita A and Biggio JR. The institute 
of medicine guidelines for gestational weight 
gain after a diagnosis of gestational diabetes 
and pregnancy outcomes. Am J Perinatol 
2015; 32: 239-246.

[67] Chen XK, Wen SW, Fleming N, Demissie K, 
Rhoads GG and Walker M. Teenage pregnancy 
and adverse birth outcomes: a large popula-
tion based retrospective cohort study. Int J 
Epidemiol 2007; 36: 368-373.

[68] Haeri S, Masouem S, Baker AM, Saddlemire S 
and Boggess KA. The effect of excess weight 
gain in teenage pregnancies. Am J Perinatol 
2010; 27: 15-18.

[69] Haram K, Pirhonen J and Bergsjo P. Suspected 
big baby: a difficult clinical problem in obstet-
rics. Acta Obstet Gynecol Scand 2002; 81: 
185-194.

[70] Martorell R, Khan LK, Hughes ML and Grum- 
mer-Strawn LM. Obesity in women from devel-
oping countries. Eur J Clin Nutr 2000; 54: 247-
252.

[71] Roglic G. Diabetes in women: the global per-
spective. Int J Gynaecol Obstet 2009; 104 
Suppl 1: S11-13.


