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Aims: Obesity increases risk of gestational diabetes mellitus (GDM) and GDM increases risk
of macrosomia but their inter-relations for increased risk of macrosomia remain uncertain.
We aimed to examine associations between prepregnancy overweight and macrosomia,
and synergistic effects between prepregnancy overweight and GDM on macrosomia.
Methods: From 2010 to 2012, 19,622 women in urban Tianjin, China, underwent a 50-g 1-h
glucose challenge test (GCT) at 24-28 gestational weeks and followed by a 75-g 2-h oral glu-
cose tolerance test (OGTT) if the GCT value was > 7.8 mmol/L. GDM was defined according
to International Association of Diabetes and Pregnancy Study Group’s criteria. Overweight
was defined as body mass index > 24.0 kg/m?. Logistic regression was performed to obtain
odds ratios (ORs) and 95% confidence intervals (Cls). Additive interaction between
prepregnancy overweight and GDM was used to test synergistic effects.

Results: In the cohort, 1791 (9.1%) and 1726 (8.8%) of the women delivered a macrosomic
infant or a large-for-gestational-age (LGA) infant, respectively. Prepregnancy overweight
was associated with increased risk of macrosomia and LGA with adjusted ORs being 2.29
(95%CI: 2.07-2.54) and 2.27 (2.05-2.52), respectively. Copresence of prepregnancy overweight
and GDM greatly enhanced the adjusted ORs of overweight alone (ORs for macrosomia and
LGA: 2.17, 1.94-2.42 & 2.21,1.98-2.47) and GDM alone (ORs for macrosomia and LGA:
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2.01,1.48-2.72 & 2.14, 1.60-2.87) for macrosomia and LGA to 5.29 (4.07-6.87) for macrosomia
and 4.72 (3.66-6.10) for LGA, with significant additive interactions.
Conclusions: Prepregnancy overweight increased the risks of macrosomia and LGA indepen-

dently and synergistically with GDM.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

The prevalence of gestational diabetes mellitus (GDM) has
been dramatically increasing worldwide including China
[1], accounting for 7% of pregnant women in the world
[2]. It is well established that GDM predisposes pregnant
women to high risk of delivery of macrosomic infants while
lifestyle intervention of GDM reduces the rate of macroso-
mia or large for gestational age (LGA) infants although not
all trials showed that such intervention was also able to
reduce the risk of perinatal morbidities [3,4]. Indeed, the
current diagnostic criteria for GDM were based on their
associations with macrosomia [5]. Studies suggest that
macrosomia or LGA is associated with increased risk of
adverse short- and long-term health outcomes in the moth-
ers and their offspring, for the mothers, increased risk of
caesarean section [6,7], postpartum hemorrhage [8], vaginal
lacerations [9], uterine rupture and postpartum infection [8],
and for the offspring, increased risk of shoulder dystocia [6],
birth asphyxia, nerve injures, admission to the intensive-
care unit, increased perinatal mortality [10,11], obesity and
diabetes in early adulthood [12]. Although widespread intro-
duction of screening and management of GDM, the preva-
lence of macrosomia and LGA in China was still on the
rise, for example, 7.3% in 2011 [8] being increased to 8.7%
in 2010-2014 [13]. These observations suggest that factors
other than GDM were also contributing to the high rate of
macrosomia. As a major risk factor of GDM, maternal obe-
sity was found to be associated with increased risk of
macrosomia and fetal obesity [14], probably by increased
placenta transport of amino acids and other nutrients [15].
Pedersen’s Hypothesis describes a plausible biological link
from GDM to macrosomia that maternal hyperglycemia
results in fetal hyperinsulinemia, which leads to fetal insu-
lin resistance and then fetal over-growth [16]. It is observed
that in non-GDM pregnancy, maternal overweight and high
increase in fasting plasma glucose from early to late preg-
nancy was associated with a 4.5-fold increase in risk of
newborn macrosomia as compared to those women with
high body mass index (BMI) only [17]. It seems also possible
that maternal prepregnancy overweight and GDM have a
synergistic effect on newborn macrosomia.

Using a population-based cohort of pregnant women in
urban districts of Tianjin, China, established in 2010-2012
[18], the present study aimed to examine synergistic effect
between maternal overweight at the first antenatal care visit
and GDM on newborn macrosomia or large for gestational age
(LGA) in Chinese pregnant women.

2. Materials and methods
2.1.  Study population and settings

The study settings, population and methods were published
elsewhere [18]. Briefly, Tianjin is one of cities directly under
the administration of the central government of China,
adjacent to Beijing, and covers an area of more than
10,000 km?. There are over 5 million residents in six central
urban districts where the GDM screening and management
system was established in 1998. The antenatal care system
was consisted of three levels of antenatal care facilities, i.e.,
(1) 65 primary hospitals (Ist tier); (2) six district-level
Women and Children’s Health Centers (WCHC) and other
secondary obstetric hospitals (2nd tier); (3) a city-level Tian-
jin WCHC (TWCHC) and other tertiary hospitals (3rd tier).
From 2010 to 2012, 22,302 pregnant women were registered
at a primary care hospital where close to their residence. Of
them, we sequentially excluded 1252 women who lacked
the glucose challenge test (GCT) results, 891 women who
had a positive GCT but did not have the standard oral glu-
cose tolerance test (OGTT) results, 197 women with multi-
ple pregnancy and 341 women whose key variables were
missing, i.e., missing maternal BMI, children weight, sex
and date of delivery. Finally, the remaining 19,622 women
were included in the ultimate analysis. Ethical approval
was obtained from the Ethics Committee for Clinical
Research of Tianjin Women and Children’s Health Centre.
Informed consent was acquired from all participants before
data collection.

2.2.  Screening for and diagnosis of GDM

A two-step procedure was performed to identify GDM. At 24th
to 28th gestational weeks, all pregnant women were offered a
50-g 1-h GCT at a primary hospital. Women who had a GCT
value >7.8 mmol/L were referred to a centralized GDM clinic,
established within Tianjin Women and Children’s Health Care
Center, where those women underwent a standard 75-g 2-h
OGTT. The participants underwent the 75-g OGTT in the
morning after more than 8 hours fasting. Plasma glucose
levels at fasting, 1-h, 2-h were measured at the Central Labo-
ratory of TWCHC using an automatic analyzer (Toshiba TBA-
120FR, Japan) [18]. GDM was diagnosed based on the Interna-
tional Association of Diabetes and Pregnancy Study Group
(IADPSG) cut-points: fasting plasma glucose >5.1 mmol/L or
1-h plasma glucose >10.0mmol/L or 2-h plasma glucose
>8.5 mmol/L [19].
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2.3. Clinical measurements and data collection

Data were obtained from a series of questionnaires at regis-
tration for pregnancy and at GCT time or retrieved from the
database of Maternal and Child Health Information System.
Clinical and biochemical samples of the mothers and children
were collected and recorded in electronic system from regis-
tration to delivery. At registration for pregnancy, we collected
information on maternal height, weight, age, parity, ethnicity,
systolic/diastolic blood pressure, diabetes history in first
degree relatives, gestational age at delivery, habitual use of
tobacco and alcohol. Children’s weight, sex and birth date
were also received from questionnaires.

Participants were asked to wear light clothing and without
shoes when height and weight were measured. BMI was cal-
culated as body weight in kilograms divided by squared body
height in meters. We classified BMI into four categories
according to Chinese adult’s criteria: underweight
(<18.5kg/m?), normal weight (18.5-24.0kg/m?), overweight
(24.0-28.0 kg/m?) and obesity (>28.0 kg/m?) [20]. Sitting blood
pressure (BP) was determined after break at least 10 min.
Family history of diabetes in first-degree relatives was defined
as parents or siblings with diabetes. One or more cigarettes
each day for at least 6 months before pregnancy or smoking
one or more cigarettes each day during pregnancy was con-
sidered as habitual smoking before or during pregnancy.
Habitual drinking before or during pregnancy was defined as
drinking once or more every week before or during pregnancy.

2.4.  Definition of clinical outcomes

Fetal macrosomia was defined as birth weight value being
equal to or greater than 4000 g [21]. LGA was defined as birth
weight value greater than the gestational week and gender
specific 90th percentiles according to Tianjin local references
[22].

2.5.  Statistical analyses

All analyses were performed in Statistical Analysis System
(SAS), release 9.4 (SAS Institute Inc., Cary, NC). Continuous
variables were presented as mean + standard deviation (SD)
or median (interquartile range, IQR) where appropriate and
compared using Student’s t-test or Wilcoxon Two Sample test.
Categorical variables were expressed as number (percentage)
and compared using Chi-square test or Fisher exact test
where appropriate. We classified prepregnancy BMI into two
groups according to Chinese standard: overweight/obesity
group (BMI >24.0kg/m? and underweight/normal weight
group (BMI<24.0kg/m® and used underweight/normal
weight group as the reference. Binary logistic regression was
used to obtain odds ratios (ORs) and 95% confidence intervals
(CIs) of prepregnancy BMI and GDM for macrosomia or LGA.
In multivariable analysis, we adjusted for traditional risk fac-
tors including age, family history of diabetes in first degree
relatives, height, parity, nationality, gestational age at delivery
(only for macrosomia), gender (only for macrosomia), smok-
ing before or during pregnancy and drinking before or during
pregnancy to control traditional confounders (Model 2). In the

cohort, 948 women diagnosed with GDM entered a random-
ized controlled trial of lifestyle intervention on pregnancy
outcomes. The details of intervention protocol were described
in a previous study [22]. In this analysis, we further adjusted
for care status, i.e., intensive care, usual care and non-
inclusion in the trial in Model 3 to minimize possible con-
founding effects from different managements. Ryan-Holm
step-down Bonferroni procedure was used to adjust P-
values and 95%CIs for multiple comparisons where
appropriate.

Subgroup analysis among participants with or without
prepregnancy overweight was performed to test the consis-
tency of ORs of GDM for macrosomia and LGA across sub-
groups.  Synergistic  effects between prepregnancy
overweight and GDM for macrosomia and LGA were exam-
ined using additive interaction. We applied three indicators
to evaluate additive interaction: relative excess risk due to
interaction (RERI), attributable proportion due to interaction
(AP) or synergy index (S). RERI>0, AP>0, or S>1 was
regarded as significant additive interaction [23]. Multivariable
analysis was performed to control for confounding variables.

All statistical tests were two-sided and P < 0.05 was con-
sidered to be statistically significant.

3. Results

3.1. Characteristics of participants

The cohort had a mean age of 28.5 (SD: 2.9) years, a mean
height of 163.2 (SD: 4.7) cm, a mean BMI of 22.3 (SD: 3.4)
kg/m? and a mean gestational age at registration of 10.4
(SD: 2.4) weeks. Among the 19,622 pregnant women, 3.8%
(n =746) had parity > 1 and 8.0% (n = 1569) had a family his-
tory of diabetes in first degree relatives. Overall, 7.6%
(n = 1495) pregnant women had GDM, macrosomia and large
for gestational age infants accounted for 9.1% (n = 1791) and
8.8% (n = 1726), respectively. Women who delivered a macro-
somia or LGA infant were taller and more likely to have drink-
ing and smoking habits, to have GDM and family history of
diabetes, and also tended to have higher systolic/diastolic
BP and higher prepregnancy BMI (Table 1).

3.2.  Risk associations of prepregnancy overweight and
GDM with macrosomia and LGA

When prepregnancy BMI < 24.0 kg/m? or non-GDM was used
as the reference, the ORs of overweight and GDM for macro-
somia were 2.28 (95%CI: 2.06-2.52) and 2.02 (95%CI: 1.74-
2.34) in univariable analysis, respectively. After adjusted for
confounding variables, the risk associations between prepreg-
nancy overweight and macrosomia and between GDM and
macrosomia remained persistent in model 2 (OR of over-
weight for macrosomia: 2.34, 95%CI: 2.11-2.59; OR of GDM
for macrosomia: 2.25, 95%CI: 1.93-2.62). Adjusting for care
status for GDM did not substantially change the effect of over-
weight for macrosomia and slightly enhanced the association
between GDM and macrosomia (Model 3). In the same man-
ner, the associations between prepregnancy overweight and
LGA, and between GDM and LGA were significant in univari-
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Table 1 - Clinical characteristics of participants by delivering macrosomia or large for gestational age infant status.

Macrosomia LGA
Variables YES NO P value YES NO P value
Registration age, year 285+2.8 28.5+3.0 0.753' 286+2.9 285+2.9 0.026 )
Height, cm 164.8+4.8 163.0+4.7 <0.0001 164.7+4.9 163.1+4.7 <0.0001
Parity > 1 72(4.0%) 674(3.8%) 0.612°  87(5.0%) 659(3.7%) 0.005"

Han-nationality 1721(96.1%) 17005(95.4%) 0.162  1654(95.8%) 17072(95.4%) 0.410

Family history of diabetes in first degree relatives 174(9.7%)  1395(7.8%) 0.005  171(9.9%) 1398(7.8%) 0.002"
Habitual smoker before or during pregnancy 73(4.1%) 582(3.3%) 0.068  77(4.5%) 578(3.2%) 0.007 "
Habitual drinker before or during pregnancy 583(32.6%) 5397(30.3%) 0.045  569(33.0%) 5411(30.2%) 0.019
Gestational age at registration, weeks 104+24 104zx24 0.664 10.5+25 104+:24 0.238
DBP, mmHg 69.5+7.7 682+7.7 <0.0001 695+7.7 683+7.7 <0.0001"
SBP, mmHg 106.9 + 10.6 105.3+10.6 <0.0001 107.2+10.5 105.4+10.6 <0.0001"
GDM 238(13.3%) 1257(7.1%)  <0.0001  240(13.9%) 1255(7.0%)  <0.0001"
Pre-pregnancy BMI, kg/m? 23.8+3.6 221+3.3 <0.0001° 23.9+3.7 222+3.3 <0.0001
Pre-pregnancy BMI group, kg/m? <0.0001" <0.0001"
<185 50(2.8%) 1869(10.5%) 47(2.7%) 1872(10.5%)
>18.5-<24.0 980(54.7%)  11600(65.1%) 933(54.1%)  11647(65.1%)

>24.0 -<28.0 526(29.4%) 3318(18.6%) 503(29.1%) 3341(18.7%)

>28.0 235(13.1%)  1044(5.9%) 243(14.1%)  1036(5.8%)

Gestational age at delivery, weeks 40.1+1.2 395+16 <0.0001 39.6+1.6 39.5+16 0.580

Abbreviations: BMI, body mass index; GDM, gestational diabetes mellitus; LGA, large for gestational age.
DBP, Diastolic Blood Pressure; SBP, Systolic Blood Pressure.

" Derived from Student’s t-test.

" Derived from Chi-square Test or Fisher’s Exact Test.

able analysis and persisted after adjustment for confounders 1.22-2.00) and 1.71 (95%CL 1.14-2.57), respectively. The

(Model 3) (adjusted OR of overweight for LGA: 2.27, 95%CI:
2.05-2.52; adjusted OR of GDM for LGA: 2.57, 95%CI: 2.05-
3.21) (Table 2).

3.3. Subgroup analysis of GDM for macrosomia and LGA
by overweight

Among overweight/obesity pregnant women, the OR of GDM
for macrosomia was 1.83 (95%CI: 1.50-2.23) in univariable
analysis and 2.56 (95%CI: 1.91-3.41) after adjustments for con-
founders (Model 3 in Table 3), both being higher than those
among normal weight or underweight women at registration.
Their unadjusted OR and adjusted OR were 1.55 (95%CI:

adjusted OR of GDM for LGA was slightly higher in the over-
weight group (OR: 2.28, 95%CI: 1.71-3.04) as compared with nor-
mal weight or underweight group (OR: 1.85, 95%CI:1.26-2.71)
after further adjustment for care status (Model 3 in Table 3).

3.4. Additive interaction  between
overweight and GDM for macrosomia and LGA

prepregnancy

If non-GDM and BMI <24.0 kg/m2 were used as the reference,
GDM alone and BMI> 24.0 kg/m? alone were both associated
with increased risks of macrosomia and LGA. Co-presence
of both factors had a greater effect than either of them alone.
After adjusted for traditional risk factors and lifestyle

Table 2 — Odds ratio of prepregnant overweight and GDM for macrosomia and large for gestational age.

Macrosomia LGA

OR 95%CI P value OR 95%CI P value
Prepregnant overweight
Model 1 2.28 2.06-2.52 <0.0001 2.34 2.11-2.59 <0.0001
Model 2 2.34 2.11-2.59 <0.0001 2.32 2.10-2.57 <0.0001
Model 3 2.29 2.07-2.54 <0.0001 2.27 2.05-2.52 <0.0001
GDM
Model 1 2.02 1.74-2.34 <0.0001 2.14 1.85-2.48 <0.0001
Model 2 2.25 1.93-2.62 <0.0001 2.17 1.87-2.53 <0.0001
Model 3 2.70 2.15-3.40 <0.0001 2.57 2.05-3.21 <0.0001

Abbreviations: GDM, gestational diabetes mellitus; LGA, large for gestational age.

Model 1: Univariable analysis.

Model 2: Multivariable analysis, adjusted for age, family history of diabetes in first degree relatives, height, parity, nationality, gestational age at
delivery (only for macrosomia), gender (only for macrosomia), smoking before or during pregnancy, drinking before or during pregnancy.
Model 3: Further adjusted for lifestyle intervention for GDM, in addition to the variables listed in Model 2.
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Table 3 — Odds ratio of pre-pregnancy overweight and GDM for macrosomia and large for gestational age.

Macrosomia Large for gestational age
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
Subgroup analysis
Among pre-pregnancy BMI > 24.0 kg/m?
Non-GDM 1.00 1.00 1.00 1.00 1.00 1.00
GDM 1.83(1.50-2.23) 2.01(1.63-2.47) 2.56(1.91-3.41) 1.80(1.48-2.20) 1.82(1.48-2.23) 2.28(1.71-3.04)
Among pre-pregnancy BMI < 24.0 kg/m?
Non-GDM 1.00 1.00 1.00 1.00 1.00 1.00
GDM 1.55(1.22-2.00) 1.76(1.38-2.24) 1.71(1.14-2.57) 1.79(1.42-2.25) 1.87(1.48-2.37) 1.85(1.26-2.71)

Additive interaction models
Non-GDM and BMI < 24.0 kg/m? 1.00 1.00
GDM and BMI < 24.0 kg/m?

1.00 1.00 1.00 1.00

1.55(1.22-1.96) 1.71(1.34-2.17) 2.01(1.48-2.72) 1.79(1.42-2.25) 1.84(1.46-2.33) 2.14(1.60-2.87)

Non-GDM and BMI > 24.0 kg/m? 2.13(1.91-2.37) 2.17(1.94-2.42) 2.17(1.94-2.42) 2.23(2.00-2.49) 2.21(1.98-2.47) 2.21(1.98-2.47)

GDM and BMI > 24.0 kg/m?

3.89(3.21-4.70) 4.56(3.73-5.58) 5.29(4.07-6.87) 4.02(3.31-4.87) 4.12(3.38-5.02) 4.72(3.66-6.10)

Abbreviations: BMI, body mass index; GDM, gestational diabetes mellitus.

Model 1: Univariable analysis.

Model 2: Multivariable analysis, adjusted for age, family history of diabetes in first degree relatives, height, parity, nationality, gestational age at
delivery (only for macrosomia), gender (only for macrosomia), smoking before or during pregnancy, drinking before or during pregnancy.
Model 3: Further adjusted for lifestyle intervention for GDM, in addition to the variables listed in Model 2.

intervention, copresence of GDM and BMI> 24.0 kg/rn2 mark-
edly increased the ORs further to 5.29 (95%CI: 4.07-6.87) for
macrosomia and 4.72 (95%CI: 3.66-6.10) for LGA (Table 3).
The three indicators of additive interaction were all signifi-
cant for macrosomia in univariable analysis. After adjusted
for confounders in model 3, the three indicators for macroso-
mia were still statistically significant (RERI: 2.11, 95%CI, 0.88-
3.34; AP: 0.40, 95%CI, 0.25-0.56; S: 2.00, 95%CI, 1.41-2.74) and
they were also true for LGA (RERL 1.37, 95%CI, 0.29-2.45; AP:
0.29, 95%ClI, 0.12-0.46; S: 1.58, 95%CI, 1.14-2.19) (Table 4).

Table 4 — Additive interaction between pre-pregnancy
BMI > 24 kg/m? and GDM for macrosomia and large for

gestational age.

Estimates (95%CI)
Model 1 Model 2

Model 3

Macrosomia as the outcome

RERI  1.21(0.42-2.01)  1.69(0.73-2.65)
AP 0.31(0.15-0.47)  0.37(0.22-0.52)
S 1.73(1.23-2.43)  1.90(1.36-2.67)

2.11 (0.88-3.34)
0.40 (0.25-0.56)
2.00 (1.41-2.74)

Large for gestational age as the outcome

RERI  1.00(0.15-1.85)  1.01 (0.18-1.95)
AP 0.25(0.07-0.42) 0.26(0.08-0.43)  0.29(0.12-0.46)
S 1.50(1.08-2.08)  1.52(1.09-2.12)  1.58(1.14-2.19)

Abbreviations: BMI, body mass index; GDM, gestational diabetes
mellitus. RERI, relative excess risk due to interaction (RERI); AP,
attributable proportion due to interaction and S, synergy index.
RERI> 0, AP > 0, or S > 1 suggest significant additive interaction.
Model 1: Univariable analysis.
Model 2: Multivariable analysis, adjusted for age, family history of
diabetes in first degree relatives, height, parity, nationality, gestational
age at delivery (only for macrosomia), gender (only for macrosomia),
smoking before or during pregnancy, drinking before or during
pregnancy.
Model 3: Further adjusted for lifestyle intervention for GDM, in addi-
tion to the variables listed in Model 2.

1.37(0.29-2.45)

4, Discussion

Our study revealed that prepregnancy overweight and GDM
themselves were not only associated with increased risks of
macrosomia and LGA, but the two risk factors had a synergis-
tic effect on macrosomia and LGA, and copresence of both
risk factors predisposed women to a 5-fold risk of macroso-
mia and LGA as compared with women who had a prepreg-
nancy BMI <24.0kg/m? and did not have GDM during
pregnancy.

Accumulating evidence confirms that GDM may play a
causal role in development of macrosomia or LGA. Cohort
studies showed that GDM increased risk of macrosomia in
our [24] and other populations [25]. Randomized controlled
trials consistently demonstrated that tight glycemic control
via lifestyle modification was able to reduce the rates of
macrosomia and/or LGA [3,4,22]. On the other hand, studies
reported inconsistent findings regarding the association
between prepregnancy overweight/obesity and macrosomia/
LGA. For example, a prospective hospital-based cohort in
Shanghai found that prepregnancy BMI was positively associ-
ated with macrosomia (OR: 2.24; 95%CI: 1.55-3.23)[26] while
another prospective cohort study in China observed that
prepregnancy BMI was not associated with risk of macroso-
mia in singleton women with GDM after adjustment for
potential confounders [27]. Using a population-based
prospective cohort, our study provided stronger evidence that
prepregnancy overweight was associated with about 2-fold
risk of macrosomia and LGA. The effect was independent of
traditional risk factors of macrosomia.

The present study is the first to report a synergistic effect
of prepregnancy overweight and GDM on the risk of macroso-
mia and LGA. In other words, copresence of maternal
prepregnancy overweight and GDM greatly increased the risk
of macrosomia or LGA, more than summation of the risks due
to exposure to either of them. Previous studies implied that
there may be a synergistic effect of pepregnancy overweight
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and GDM on the risk of macrosomia. The HAPO study
observed that co-existence of GDM and obesity had a higher
OR on LGA compared to either one alone numerically
(adjusted OR of GDM and obesity: 3.62, 95%CI: 3.044.32 &
adjusted OR of GDM: 2.19, 95%CI: 1.93-2.47 & adjusted OR of
obesity: 1.73, 95%CI: 1.50-2.00). The observation suggests that
obesity and GDM may have an interactive effect on LGA
although there was no formal statistical test preformed [28|.
In this regard, the Kaiser Permanente Southern California
(KPSC) Medical Care Program also found that the effects of
GDM and maternal BMI appeared to be additive for LGA (OR
of obesity and GDM: 4.08, 95%CI: 3.27-5.09; OR of obesity:
1.85, 95%CI: 1.52-2.27; OR of GDM: 2.10, 95%CI: 1.54-2.86),
but formal tests were not preformed, probably due to small
sample size [29]. In a population-based prospective cohort
with detailed documentation of covariables throughout preg-
nancy, we confirmed that pregnancy overweight and GDM
had a synergistic effect on the risks of macrosomia and
LGA, and co-exposure to both risk factors predisposed women
to 4-fold macrosomia risk of those women without either of
them.

Pedersen’s hypothesis states that maternal high blood glu-
cose could cross the placenta, but insulin couldn’t, thus caus-
ing glucose accumulation in the fetus. Extra glucose in the
fetus stimulates pancreatic islet cells secreting insulin to
uptake glucose, leading to fetal hyperinsulinemia and hyper-
glycemia and consequently, excessive accumulation of fat tis-
sue and large body weight [16]. The HAPO study observed
positive associations between fasting, 1-h and 2-h plasma
glucose levels and macrosomia in a linear manner without
clear threshold effects [5]. A prospective pregnant women
cohort in England provided further evidence that maternal
pregnant hyperglycemia had a long effect on offspring over-
nutrition and obesity [25], supporting Pedersen’s hypothesis.
In this regard, our group showed that increased insulin resis-
tance rather than decreased beta cell function was a major
contributor to macrosomia and LGA in Chinese women with
GDM [30]. Prepregnancy obesity can also aggravate offspring
obesity through genetic predisposition [31] and in utero envi-
ronment [32]. On the other hand, prepregnancy obesity is a
strong risk factor for occurrence of GDM during pregnancy.
Thus, the synergistic effect between prepregnancy over-
weight and GDM is biologically plausible.

Our study has public health importance. Prepregnancy
overweight, GDM and copresence of both risk factors were
quite common in pregnant women, up to 26.1%, 7.6% and
3.5% in our subjects. Our study shows that women who were
exposed to both risk factors had greatly increased risk of
delivery of a macrosomia or LGA infant and the increased risk
due to the co-exposure accounted for 40% of macrosomia and
29% of LGA in urban Tianjin. Large randomized controlled tri-
als demonstrated that intensive lifestyle intervention of GDM
was able to reduce the rate of macrosomia and LGA [3,4,22]. It
is presumable that such intervention is also effective to
reduce the risk of macrosomia and LGA in overweight women
with GDM who were at particular high risk of macrosomia
and LGA. Our findings also highlight that overweight even
without GDM also predisposes women to a high risk of
macrosomia and LGA. Given to the long-term risk of cardio-
vascular disease of macrosomic infants [33], maintaining

healthy body weight well before pregnancy may benefit
women in many ways, such as reduced risk of GDM and
improved pregnancy outcomes even if these women are not
to develop GDM during their pregnancy.

Our study has several advantages. First, our study was a
prospective population-based cohort with a large sample size.
Second, covariables during pregnancy were documented in
details, so that adjustment for those major confounders was
feasible. Our study also had limitations. First, all participants
were from a single population and our findings need replica-
tions in other pregnant women populations. Second,
although weight gain is an established risk factor for macro-
somia and LGA [34,35], our study did not collect body weight
at delivery and weight gain during whole pregnancy was not
available for adjustment. Third, we adopted a two-step proce-
dure to diagnose GDM and some cases of GDM might have
missed.

In conclusion, our study confirmed that prepregnancy
overweight was a risk factor for macrosomia and LGA in Chi-
nese pregnant women, and copresence of overweight and
GDM had a synergistic effect on the risk of macrosomia/
LGA. Our study highlights the importance to maintain normal
body weight prior to pregnancy for a reduced risk of GDM and
adverse pregnancy outcomes. Nevertheless, our findings need
to be further confirmed by well-designed cohorts of other
pregnant women populations.
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