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Purpose: To examine the combined effect of pre-pregnancy overweight or obesity,
excessive gestational weight gain, and glucose tolerance status on the incidence of
adverse pregnancy outcomes among women with gestational diabetes mellitus.

Methods: A observational study including 5529 gestational diabetes mellitus patients
was performed. Logistic regression were used to assess the independent and
multiplicative interactions of overweight or obese, excessive gestational weight gain,
abnormal items of oral glucose tolerance test and adverse pregnancy outcomes. Additive
interactions were calculated using an Excel sheet developed by Anderson to calculate
relative excess risk.

Results: Overall 1076(19.46%) study subject were overweight or obese and 1858
(33.60%) women gained weight above recommended. Based on IADPSG criteria, more
than one-third women with two, or three abnormal glucose values. Preconception
overweight or obesity, above recommended gestational weight gain, and two or more
abnormal items of oral glucose tolerance test parameters significantly increased the risk of
adverse pregnancy outcomes, separately. After accounting for confounders, each two of
overweight or obesity, excessive gestational weight gain, two or more abnormal items of
OGTT parameters, the pairwise interactions on adverse pregnancy outcomes appear to
be multiplicative. Coexistence of preconception overweight or obesity, above
recommended gestational weight gain and two or more abnormal items of oral glucose
tolerance test parameters increased the highest risk for adverse pregnancy outcomes. No
additive interaction was found.
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Conclusions: Pre-pregnancy overweight or obesity, excessive gestational weight gain,
two or more abnormal items of OGTT parameters contribute to adverse pregnancy
outcomes independently among women with gestational diabetes mellitus. Additionally,
the combined effect between these three factors and adverse pregnancy outcomes
appear to be multiplicative. Interventions focus on maternal overweight or obesity and
gestational weight gain should be offered to improve pregnancy outcomes.
Keywords: adverse pregnancy outcomes, overweight or obesity, excessive gestational weight gain, gestational
diabetes mellitus, multiplicative interaction
INTRODUCTION

Gestational diabetes mellitus(GDM) is one of the common
complications during pregnancy (1). In the past decades, the
prevalence of gestational diabetes mellitus(GDM) has increased
rapidly and caused a tremendous disease burden (2, 3). In China,
the prevalence is continue climbing due to the growing number of
childbearing age women, the overweight or obesity epidemic,
correlated to the implementation of the “two-child policy” since
October 2015 (1). The risk factor includes older age, family history
of diabetes, pre-pregnancy overweight or obesity, previous GDM,
excessive gestational weight gain, polycystic ovarian syndrome
(PCOS) (1, 4–7). In China, the GDM has become epidemic and
affects the short- and long-term health of mothers and their
offspring such as hypertensive disorders of pregnancy(HDP),
preeclampsia, cesarean section, shoulder dystocia for mother
and large gestational age, premature, macrosomia and even
increase the risks of obesity, type 2 diabetes mellitus(T2DM),
and metabolic syndrome in adult life (8–15). overweight or obesity
have increased rapidly across different age groups and sexes
including childbearing age women which not only increase the
rates of metabolic complication but also contribute to greater risks
of adverse pregnancy outcomes (3, 16). Gestational weight gain is
strongly associated with maternal and fetal growth health. The
Institute of Medicine(IOM) introduced guidelines for gestational
weight gain to lower the risks of perinatal complications in 1990
and updated in 2009 (17). Extensive research has shown the
increased risk for maternal and infant adverse pregnancy
outcomes with excessive gestational weight gain including HDP,
GDM, large gestation age for newborns, cesarean section,
macrosomia, and childhood obesity (17–19). Moreover, it has
been demonstrated that there was a significantly increased risk of
cesarean section, preterm delivery, macrosomia and large
gestation age as the number of abnormal terms of oral glucose
tolerance test(OGTT) increased (20).

On the face of these, women with GDM, overweight or obesity,
and excessive gestational weight gain are all independent
associated with increased risk of adverse maternal and perinatal
outcomes. When co-occurrence of these three factors, maternal
with overweight or obesity and excessive gestational weight gain
may increase their already elevated risk of adverse maternal and
perinatal outcomes, particularly in GDMwomen with two or three
abnormal terms of glucose values on the OGTT. However, in
women with GDM, the combination effect of pre-pregnancy
overweight or obesity, excessive gestational weight gain and
n.org 2
glucose tolerance status for adverse maternal and perinatal
outcomes is still unknown. Hence, this study aims to evaluate
the combined effect of pre-pregnancy overweight or obesity,
excessive gestational weight gain, and glucose tolerance status on
pregnancy outcomes among women with GDM.
MATERIALS AND METHODS

The Study Population
The observational study reviewed medical records in Fujian
Maternity and Child Health Hospital of women who were
diagnosed with GDM and delivery of a live singleton neonate
after 28 weeks gestation between 2017 and 2021. The eligibility
criteria include all women who received perinatal care and
performed a 75 g OGTT between 24 and 28 weeks of
gestation. We excluded those with preconception diabetes
mellitus and incomplete medical records.

This was a retrospective study and was approved by the Ethics
Committee of Fujian Maternity and Child Health Hospital.

Study Variables
All the medical record data were extracted into a computerized
database including demographic data, obstetric data, and
delivery data including age, pre-pregnancy weight, height,
gravity, parity, maternal weight at each perinatal examination,
and OGTT values, discharge diagnosis, gestational age at delivery
and neonatal data.

pre-pregnancy body mass index(BMI) was calculated as [pre-
pregnancy weight(kg)/height2(m2)] based on self-reported pre-
pregnancy and measured height in hospital. pre-pregnancy BMI
was classified as underweight and normal weight (BMI<24.0kg/
m2), overweight or obesity (BMI≥24.0kg/m2) based on Chinese
standard (21). Gestational weight gain was calculated as the
difference between pre-pregnancy weight and delivery weight.
The gestat ional weight gain was divided as above
recommendations and as or below recommendations according
to weight monitoring and evaluation during the pregnancy
period of Chinese women (Underweight, >16.0kg; Normal
weight,>14.0kg; Overweight,>11.0kg; Obesity,>9.0kg) (22). We
used the OGTT result to classify the GDM group into one
abnormal item and at least two abnormal items of OGTT
parameters: fasting ≥5.10 mmol/L,1 h ≥10.0 mmol/L, or 2 h
≥8.5 mmol/L (23).
July 2022 | Volume 13 | Article 942271

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Lin et al. Risk Factors on Pregnancy Outcomes
The main pregnancy outcomes in this study included:
macrosomia, defined as a birth weight of more than 4000g
(24); Large for gestational age (LGA) or small for gestational
age(SGA), defined as a birth weight more than 90th or less than
10th percentile based on gender and gestational age (25); Preterm
delivery, defined as gestational age at delivery<37 weeks but >28
weeks; Full term low birth weight, defined as a gestational age ≥
37weeks with birth weight less than 2500g; hypertensive
disorders of pregnancy(HDP), defined as blood pressure ≥140/
90 mmHg that occurred after 20 weeks gestation but without
proteinuria (26). Other pregnancy outcomes were cesarean
section and composite outcome. Composite outcome was
defined as either one of macrosomia, LGA, SGA, preterm
delivery, full term low birth weight, HDP, and cesarean section.

Statistical Analysis
Data of maternal demographic and obstetrical and neonatal
outcomes were tested for normal distribution and shown as
median (inter-quartile range, IQR) for continuous variables as
the abnormal distribution, number (percentage) for
categorical variables.

Binary logistic regression was used to analyze the effect of
overweight or obesity/excessive gestational weight gain/at least
two abnormal items of OGTT parameters on the pregnancy
outcomes and multiplicative interactions, expressed resulted as
odds ratio(OR) and 95% confidence intervals(95%CI). For all
outcomes except preterm delivery, the adjustment OR was based
on the maternal age, gestational age, infant sex, gravity, and
parity. For preterm delivery, the adjustment OR was based on the
maternal age, infant sex, gravity, and parity. Multiplicative
interactions among individual risk factor was carried out by
adding two or more product terms to the regression model while
statistical significance indicates the multiplicative interactions.
Additive interactions were calculated using an Excel sheet
prepared by Anderson to calculate the following three indices
with their 95% CIs: relative excess risk due to interaction (RERI),
attributable proportion due to interaction (AP), and interaction
index (synergy index, SI) (27). The 95% CI of RERI and AP
include “0” and the 95% CI of SI include “1” indicate that there is
no summation interaction. We firstly performed a logistic
regression model to calculate the regression coefficients and
covariance matrix for each two of factors and then they were
input the Excel sheet to calculate RERI, AP, SI and their 95% CIs.
Statistical analysis was performed using IBM SPSS Statistics 22.
0 software.
RESULTS

Basic Characteristics of the Participants
A total of 8850 pregnant women with GDM received prenatal
examinations and delivery at Fujian Provincial Maternity and
Children’s Hospital between 2017 and 2021. We excluded
3321women from the following: 58 pregnant women who
terminated the pregnancy before 28 weeks, 212 women with
multiple pregnancies, 18 women with stillbirth, 340 women
Frontiers in Endocrinology | www.frontiersin.org 3
without gestational weight value before delivery, and 2693
women who didn’t undergo a complete oral glucose tolerance
test. Of the remained 5529 GDM women, the median maternal
age was 31 years, pre-pregnancy weight was 54kg;12.41% were
underweight, 68.31% were normal weight, 18.09% were
overweight, and 1.37%were obese. Overall, more one-third of
women were of greater gravidity, more than 3 times. Of the 5529
GDM women, 47.98% were multiparity. According to the
Chinese gestational weight gain guidelines (22), 14.74% of
women gained weight below recommended, 51.65% f women
gained weight as recommended and 33.60% of women gained
weight above recommended. As for glucose tolerance status, our
study group consisted of 59.54%, 31.33%, and 9.13% women with
one, two, or three abnormal glucose values, respectively. More
than 37% of women are delivered by cesarean section. The
characteristics of the mothers and neonates are described in
Table 1. Due to the small number of obese GDM women, we
merged overweight and obese GDM women into the same group
and analyzed these parameters as just one variable.

Association of Overweight or Obesity,
Excessive Gestational Weight Gain,
Abnormal Items of OGTT With Adverse
Pregnancy Outcomes
The association between overweight or obesity, excessive gestational
weight gain, two or more abnormal items of OGTT parameters, and
adverse pregnancy outcomes were analyzed by binary logistic
TABLE 1 | Basic characteristics of the participants (n = 5529).

Variables All participants

Maternal age (median[IQR],Years) 31[28,35]
Pre-pregnancy Weight (median[IQR],Kg) 54[49.5,60]
Body mass index category (N,%)
Underweight 686 (12.41)
Normal weight 3767 (68.13)
Overweight 1000(18.09)
Obesity 76 (1.37)
Gravidity
1 1972 (35.67)
2 1679 (30.37)
≥3 1878 (33.97)
Parity (N,%)
Primiparity 2876 (52.02)
Multiparity 2653 (47.98)
Gestational age at delivery (median[IQR],Weeks) 39[38,40]
Gestational weight gain category by Chinese guideline (N,%)
Below recommended 815 (14.74)
As recommended 2856 (51.65)
Above recommended 1858 (33.60)
Birth weight (median[IQR],g) 3300[3032.5,3570]
Glucose tolerance status (N,%)
One abnormal item 3292 (59.54)
Two abnormal items 1732 (31.33)
Three abnormal items 505 (9.13)
Model of delivery (N,%)
Vaginal birth 3463 (62.63)
Cesarean delivery 2066 (37.37)
Infant sex (N,%)
Boy 2981 (53.92)
Girl 2548 (46.08)
July 2022 | Volume
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regression and is shown in Table 2. Women with overweight or
obesity had an increased relative risk of macrosomia (aOR:1.83,95%
CI:1.39~2.40), LGA(aOR:1.59,95%CI:1.36~1.85), HDP
(aOR:2.73,95%CI:2.15~3.46), cesarean section(aOR:1.58,95%
CI:1.38~1.82) and composite outcome(aOR:1.82,95%CI:1.57~2.10).
Compared to women with gestational weight gain follow or below
recommendations, women with gestational weight gain above
recommendations was associated with an increased risk of
macrosomia(aOR:2.24,95%CI:1.75~2.88), LGA(aOR:1.73,95%
CI:1.52~1.98), HDP(OR:1.87,95%CI:1.49~2.36), cesarean section
(aOR:1.49,95%CI:1.32~1.68) and composite outcome
(aOR:1.59,95%CI:1.41~1.79), but decreased the risk of preterm
delivery(aOR:0.76,95%CI:0.59~0.99). There also have an
association between at least two abnormal items of OGTT
parameters and perinatal outcomes. The aOR of the association
for macrosomia was 1.31(95%CI:1.02~1.68), for LGA was 1.16 (95%
CI:1.02~1.32), for HDP was 1.48(95%CI:1.18~1.85).

Pairwise Interaction of Overweight or
Obesity, Excessive Gestational Weight
Gain and Abnormal Items of OGTT on
Adverse Pregnancy Outcomes
Pairwise interaction analysis showed the multiplicative interactions
were observed between overweight or obesity with gestational weight
gain above recommendations and macrosomia(aOR:3.58,95%
CI:2.48~5.16), LGA(aOR:2.67,95%CI:2.15~3.31), HDP
(aOR:3.97,95%CI:2.84,5.54), cesarean section(aOR:2.27,95%
CI:1.85~2.78) and composite outcome(aOR:2.97,95%CI:2.36~3.73).
In addition, there was a positive multiplicative interactions between
overweight or obesity with at least two abnormal items of OGTT
parameters and macrosomia(aOR:2.05,95%CI:1.39~3.04), LGA
(aOR:1.72,95%CI:1.39~2.12),HDP(aOR:3.72,95%CI:2.69,5.12),
cesarean section(aOR:1.59,95%CI:1.30~1.93) and composite
outcome(aOR:1.94, 95%CI:1.57~2.39). Similar multiplicative
interactions of gestational weight gain with two or more abnormal
items of OGTT parameters and macrosomia (aOR:3.17,95%
CI:2.19~4.58), HDP(aOR:2.90,95%CI:2.06~4.09), cesarean section
Frontiers in Endocrinology | www.frontiersin.org 4
(aOR:1.57,95%CI:1.31~1.89) and composite outcome(aOR:1.77,
95%CI:1.46~2.13) (Table 3).

When each two of overweight or obesity, excessive gestational
weight gain, two or more abnormal items of OGTT parameters
exist at the same time, no additive interaction was found for
adverse pregnancy outcomes. However, neither multiplication
interaction nor additive interaction was noticed in preterm
delivery, SGA, and full-term low birth weight (Tables 3 and 4).

Coexist Interaction of Overweight or
Obesity, Excessive Gestational Weight
Gain and Abnormal Items of OGTT on
Adverse Pregnancy Outcomes
Compared to underweight or normal, gestational weight gain as
or blew recommendations and with only one abnormal term of
OGTT pathological values pregnant women, women with
overweight or obesity, gestational weight gain above
recommendations and with two or more abnormal items of
OGTT parameters had highest risks of macrosomia
(aOR:4.52,95%CI:2.60~7.84), LGA(aOR:3.19,95%CI:2.33~4.37),
HDP(aOR:7.60, 95%CI:4.78~12.08), cesarean section(aOR:2.56,
95%CI:1.89,3.47) and composite outcome(aOR:3.75, 95%
CI:2.63,5.34), after controlling the confounding factors.

Furthermore, gestational weight gain as or below
recommendations among overweight or obesity women also
increased relative risk of macrosomia[(aOR:2.12, 95%CI:1.19,3.78)
and (aOR:2.01, 95%CI:1.13,3.73)], LGA[(aOR:1.50, 95%CI:1.12,2.02)
and (aOR:1.44, 95%CI:1.12,1.94)], HDP[(aOR:3.91, 95%
CI:2.29,5.96) and (aOR:4.11, 95%CI:2.41,6.34)], cesarean section
[(aOR:1.55, 95%CI:1.19,2.00) and (aOR:1.42, 95%CI:1.10,1.83)],
and composite outcome[(aOR:1.61, 95%CI:1.24,2.09) and
(aOR:1.67, 95%CI:1.28,2.15)], regardless of OGTT pathological
values. Moreover, gestational weight gain as or below
recommendations among underweight or normal women with
two or more abnormal items of OGTT parameters was associated
with increased risk of macrosomia(aOR:1.52, 95%CI:1.01,2.29), LGA
(aOR:1.21, 95%CI:1.01,1.46), HDP(aOR:1.84, 95%CI:1.26,2.70), but
TABLE 2 | Association of overweight or obesity, excessive gestational weight gain and glucose tolerance status with adverse pregnancy outcomesa.

Category Macrosomia LGA Preterm
deliveryb

HDP SGA Cesareansection Full term low birth
weight

Composite
outcome

Pre-pregnancy BMI category (kg/m2)
Underweight or Normal
(<24.0)

1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00(Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Overweight or Obese
(≥24.0)

1.83
(1.39,2.40)

1.59
(1.36,1.85)

0.95
(0.70,1.29)

2.73
(2.15,3.46)

0.80
(0.49,1.31)

1.58
(1.38,1.82)

0.72
(0.37,1.40)

1.82
(1.57,2.10)

Gestational weight gain category
As or below
recommended

1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Above recommended 2.24
(1.75,2.88)

1.73
(1.52,1.98)

0.76
(0.59,0.99)

1.87
(1.49,2.36)

0.70
(0.65,1.04)

1.49
(1.32,1.68)

0.64
(0.36,1.16)

1.59
(1.41,1.79)

Glucose tolerance status
One abnormal item 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
At least two abnormal
items

1.31
(1.02,1.68)

1.16
(1.02,1.32)

1.26
(0.99,1.60)

1.48
(1.18,1.85)

0.95
(0.66,1.37)

1.04
(0.93,1.17)

0.84
(0.50,1.38)

1.09
(0.97,1.22)
July 2022 | Volume
Data are showed as OR(95%CI).
BMI, body mass index; LGA, large for gestational age; SGA, small for gestational age; HDP, Hypertensive disorders of pregnancy; a For all outcomes except preterm delivery were adjusted
for maternal age, gestational age, infant sex, gravity, and parity. b adjusted for on the maternal age, infant sex, gravity, and parity.
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do not effect on cesarean section(aOR:1.10, 95%CI:0.94,1.28) and
composite outcome(aOR:1.13, 95%CI:0.98,1.32) (Table 5).
DISCUSSION

With the current epidemic of GDM, the public health of GDM is
becoming more apparent in China. The incidence of GDM in
China reached 8% (1), which is extremely harmful to maternal
and child health. Therefore, the focus on the intervention of
GDM is of great importance to reduce the risk of adverse
perinatal outcomes. We found that pre-pregnancy overweight
or obesity, above recommended gestational weight gain, and two
or more abnormal items of OGTT parameters significantly
increase the risk of adverse pregnancy outcomes, separately.
After accounting for confounders, each two of overweight or
obesity, excessive gestational weight gain, two or more abnormal
items of OGTT parameters, the pairwise interactions on
macrosomia, LGA, HDP, cesarean section, and the composite
outcome appear to be multiplicative. Furthermore, coexistence of
pre-pregnancy overweight or obesity, above recommended
gestational weight gain and two or more abnormal items of
OGTT parameters increase the highest risk for macrosomia,
LGA, HDP, cesarean section, and composite outcome.
Frontiers in Endocrinology | www.frontiersin.org 5
Overweight or obesity status before pregnancy in women of
reproductive age influence not only the occurrence of GDM but
also adverse perinatal outcomes. Growing studies has shown the
higher pre-pregnancy BMI was an independent risk factor for
LGA, HDP and cesarean section (28, 29), and when combined
with GDM, acting as the most major determinant for
macrosomia and LGA (30–32). This also accords with our
finding, which also showed significant association with higher
rate of HDP and composite outcome, after adjusting for the
potential confounding variables.

Excessive gestational weight gain has been proved to be linked
with adverse perinatal outcomes among GDM patients (33–35).
We also found the similar results: exceeding the Chinese guideline
(22) was linked with higher odds for macrosomia, LGA, HDP,
cesarean section and composite outcome. Increased adipose tissue
breakdown and circulating free fatty acids in third trimester may
be transported through the placenta, promoting a pro-
inflammatory environment with fetal metabolic programming
consequences for the offspring (36–39). Alone or combined
GDM and maternal obesity are independently associated with
poor pregnancy outcomes. Maternal lipids may play a more
important role in the fetal programming of infant obesity in the
diabetic intrauterine environment (40). In the present study, we
note that excessive gestational weight gain and overweight or
TABLE 3 | Pairwise interaction of overweight or obesity, excessive gestational weight gain and glucose tolerance status on adverse pregnancy outcomesa.

Category Macrosomia LGA Preterm
deliveryb

HDP SGA Cesarean
section

Full term low
birth weight

Composite
outcome

Pre-pregnancy BMI
category(kg/m)

Gestational weight
gain category

Underweight or Normal
(<24.0)

As or below
recommended

1.00(Ref.) 1.00(Ref.) 1.00(Ref.) 1.00(Ref.) 1.00(Ref.) 1.00(Ref.) 1.00(Ref.) 1.00(Ref.)

Above recommended 2.15
(1.60,2.89)

1.58
(1.36,1.84)

0.63
(0.46,0.87)

134
(1.44,2.57)

1.03
(0.58,1.81)

1.39
(1.21,1.60)

0.81
(0.43,1.54)

1.44
(1.26,1.65)

Overweight or Obese
(≥24.0)

As or below
recommended

1.68
(1.12,2.52)

1.35
(1.10,1.66)

0.72
(0.48,1.09)

3.03
(2.19,4.19)

0.79
(0.51,1.22)

1.43
(1.20,1.72)

1.01
(0.48,2.13)

1.55
(1.29,1.87)

Above recommended 3.58
(2.48, 5.16)

2.67
(2.15,3.31)

1.02
(0.68,1.54)

3.97
(2.84,5.54)

0.42
(0.17,1.05)

2.267
(1.85,2.78)

0.276
(0.07,1.17)

2.970
(2.36,3.73)

Pre-pregnancy BMI
category(kg/m2)

Glucose tolerance
status

Underweight or Normal
(<24.0)

One abnormal item 1.00(Ref.) 1.00(Ref.) 1.00(Ref.) 1.00(Ref.) 1.00(Ref.) 1.00(Ref.) 1.00(Ref.) 1.00(Ref.)
At least two abnormal
items

1.43
(1.07,1.92)

1.16
(0.99,1.34)

1.17
(0.90,1.53)

1.34
(1.00,1.78)

0.95
(0.64,1.42)

1.02
(0.90,1.17)

1.02
(0.59,1.76)

1.05
(0.93,1.20)

Overweight or Obese
(≥24.0)

One abnormal item 2.20
(1.52,3.19)

1.66
(1.34,2.04)

0.75
(0.47,1.20)

2.52
(1.78,3.57)

0.78
(0.40,1.54)

1.60
(1.33,1.94)

1.14
(0.51,2.53)

1.78
(1.46,2.17)

At least two abnormal
items

2.05
(1.39,3.04)

1.72
(1.39,2.12)

1.31
(0.89,1.94)

3.72
(2.69,5.12)

0.80
(0.40,1.57)

1.59
(1.30,1.93)

0.36
(0.11,1.22)

1.94
(1.57,2.39)

Gestational weight
gain category

Glucose tolerance
status

As or below
recommended

One abnormal item 1.00(Ref.) 1.00(Ref.) 1.00(Ref.) 1.00(Ref.) 1.00(Ref.) 1.00(Ref.) 1.00(Ref.) 1.00(Ref.)
At least two abnormal
items

1.41
(0.99,2.00)

1.19
(1.01,1.40)

1.19
(0.90,1.57)

1.64
(1.21,2.23)

0.93
(0.61,
1.41)

1.08
(0.94, 1.25)

1.01
(0.58, 1.77)

1.13
(0.99, 1.30)

Above recommended One abnormal item 2.33
(1.66,3.26)

1.74
(1.47,2.07)

0.72
(0.50,1.02)

2.08
(1.50,2.87)

0.69
(0.42,
1.14)

1.53
(1.31, 1.78)

0.89
(0.44, 1.77)

1.63
(1.40, 1.89)

At least two abnormal
items

3.17
(2.19,4.58)

2.09
(1.71,2.55)

1.01
(0.69,1.49)

2.90
(2.06,
4.09)

0.65
(0.35,
1.23)

1.57
(1.31, 1.89)

0.31
(0.09, 1.04)

1.77
(1.46, 2.13)
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obesity have higher risks on adverse pregnancy outcomes than
maternal glucose characters. According to Pedersen’s hypothesis,
elevated maternal glucose levels would increase fetal insulin
production, leading to increased fetal growth and obesity (41).
The result of HAPO showed excessive gestational weight gain was
linked with increased fetal insulin production but no maternal
glucose levels (42). Gestational weight gain may also affect fetal
certain metabolic factors which can drive excess fetal growth. The
HAPO study found than excess gestational weight gain increased
fetal c-peptide (42). A prospective observational study conducted
Frontiers in Endocrinology | www.frontiersin.org 6
in Dublin found each 1kg increase in gestational weight gain was
associated with a 0.039ng/ml increase in c-peptide and
0.024mmol/l decrease in cholesterol (40). Plasma c-peptide
reflects the insulin secretory activity of pancreatic beta cells and
the its higher level in cord blood was related to maternal insulin
sensitivity, weight and adiposity maker (43–45).

Excessive gestational weight gain leads to increased insulin
resistance and islet b-cell depletion, so that b-cells cannot secrete
enough insulin to compensate for insulin resistance caused by
pregnancy, leading to the occurrence of GDM. Adequate weight
TABLE 4 | Additive interaction of overweight or obesity, excessive gestational weight gain and glucose tolerance status on adverse pregnancy outcomes.

Iterm1 Iterm2 Additive interaction

RERI (95%CI) AP (95%CI) SI (95%CI)

Macrosomia Pre-pregnancy overweight or obese(≥24.0) Gestational weight gain
above recommendations

0.58(-2.47,3.63) 0.171
(-0.50,0.84)

1.32
(0.45,3.88)

Pre-pregnancy overweight or obese(≥24.0) At least two abnormal items of
Glucose tolerance

-0.86(-1.86,0.69) -0.29
(-1.30,0.73)

0.64
(0.12,3.57)

Gestational weight gain
above recommendations

At least two abnormal items of
Glucose tolerance

0.44(-2.30,3.17) 0.14(-0.55,0.82) 1.25
(0.42,3.75)

LGA Pre-pregnancy overweight or obese(≥24.0) Gestational weight gain
above recommended

0.74(-1.27,2.76) 0.28(-0.14,0.67) 1.80
(1.043.097)

Pre-pregnancy overweight or Obese(≥24.0) At least two abnormal items of
Glucose tolerance

-1.57(-1.94,-1.20) -12.20
(-39.68,15.28)

0.88
(0.19,4.06)

Gestational weight gain
above recommendations

At least two abnormal items of
Glucose tolerance

-0.10(-1.03,0.84) -0.06
(-0.68,0.56)

0.88
(0.19,4.06)

Preterm delivery Pre-pregnancy body mass index Overweight or
Obese(≥24.0)

Gestational weight gain
above recommendations

0.66(-0.22,1.54) NA NA

Pre-pregnancy body mass index Overweight or
Obese(≥24.0)

At least two abnormal items of
Glucose tolerance

0.39(-0.73,1.52) 0.299
(-0.13,0.73)

NA

Gestational weight gain
above recommendations

At least two abnormal items of
Glucose tolerance

-0.17(-0.44,0.10) -3.39(-6.21,-
0.58)

1.22
(0.85,1.75)

HDP Pre-pregnancy body mass index Overweight or
Obese(≥24.0)

Gestational weight gain
above recommendations

0.02(-3.09,3.13) 0.01(-0.77,0.78) 1.01
(0.35,2.86)

Pre-pregnancy body mass index Overweight or
Obese(≥24.0)

At least two abnormal items of
Glucose tolerance

0.87(-2.38,4.11) 0.23(-0.34,0.81) 1.47
(0.58,3.69)

Gestational weight gain
above recommendations

At least two abnormal items of
Glucose tolerance

0.87(-2.47,4.20) 0.23(-0.37,0.83) 1.47
(0.55,3.91)

SGA Pre-pregnancy body mass index Overweight or
Obese(≥24.0)

Gestational weight gain
above recommendations

-0.75(-1.34,2.81) 0.48(-0.08,1.04) 2.62
(0.25,27.69)

Pre-pregnancy body mass index Overweight or
Obese(≥24.0)

At least two abnormal items of
Glucose tolerance

0.06(-0.68,081) 0.08(-0.75,0.90) 0.77
(0.01,49.04)

Gestational weight gain
above recommendations

At least two abnormal items of
Glucose tolerance

0.04(-0.40,0.48) 0.06(-0.51,0.63) 0.90
(0.21,3.80)

Cesarean section Pre-pregnancy body mass index Overweight or
Obese(≥24.0)

Gestational weight gain
above recommendations

0.44(-1.11,1.99) 0.19(-0.25,0.64) 1.53
(0.82,2.88)

Pre-pregnancy body mass index Overweight or
Obese(≥24.0)

At least two abnormal items of
Glucose tolerance

-0.04(-0.80,0.71) -0.03
(-0.54,0.49)

0.93
(0.22,4.00)

Gestational weight gain
above recommendations

At least two abnormal items of
Glucose tolerance

-0.04(-0.82,0.75) -0.03
(-0.56,0.51)

0.94
(0.21,4.34)

Full term low birth
weight

Pre-pregnancy body mass index Overweight or
Obese(≥24.0)

Gestational weight gain
above recommendations

-0.55(-1.27,0.18) -1.97
(-6.90,2.96)

4.04
(0.03,544.94)

Pre-pregnancy body mass index Overweight or
Obese(≥24.0)

At least two abnormal items of
Glucose tolerance

-0.79(-1.56,-0.03) -2.18
(-6.89,2.53)

-4.03(NA)

Gestational weight gain
above recommendations

At least two abnormal items of
Glucose tolerance

-0.59(-1.06,-0.11) -1.89
(-5.88,2.10)

6.53
(0.01,20.15)

Composite
outcome

Pre-pregnancy body mass index Overweight or
Obese(≥24.0)

Gestational weight gain
above recommended

0.98(-1.39,3.35) 0.33(-0.07,0.73) 1.99
(1.28,3.10)

Pre-pregnancy body mass index Overweight or
Obese(≥24.0)

At least two abnormal items of
Glucose tolerance

0.10(-1.03,1.23) 0.05(-0.46,0.57) 1.12
(0.41,3.07)

Gestational weight gain
above recommendations

At least two abnormal items of
Glucose tolerance

0.01(-0.97,0.98) 0.004
(-0.54,0.55)

1.01
(0.29,3.55)
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NA, Not Applicable; LGA, large for gestational age; SGA, small for gestational age; HDP, Hypertensive disorders of pregnancy; RERI, relative excess risk; AP, attributable proportion;
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gain may be positive for perinatal outcomes among women with
GDM. There is no consensus on the appropriate range of weight
gain during pregnancy for GDM. Although Landon et al. observed
parallel reductions of gestational weight gain and pre-eclampsia
(46), reducing gestational weight gain has not been proven to
reverse GDM-related complications (47). Thus, preventing excess
gestational weight gain should be a important goal and feasible
interventions for GDM.

Hyperglycemia is linked with adverse pregnancy outcomes.
Maternal hyperglycemia allows for increased placental transfer of
glucose and (fetal) beta-cell prohormones to the fetus, which leads
to fetal hyperinsulinemia, causing fetal metabolic reprogramming
that can lead to fetal overgrowth and/or obesity and so on (48).
Feng et al (20) observed consistent trends between the number of
abnormal OGTT parameters and odds of cesarean delivery,
preterm delivery, and neonatal complications. Zhou et al (49)
also found that the increasing number of abnormal OGTT
parameters, the increased frequencies of LGA, and neonatal
hypoglycemia. Compare with one abnormal items of OGTT
parameters, patients with two or more abnormal items of
OGTT parameters may suffer more serious glucose metabolic
homeostasis disruptions and insulin sensitivity (20, 50). Our data
presented patients with two or more abnormal items of OGTT
parameters were of greater likelihood of adverse pregnancy
outcomes, compared with patients with only one abnormal
item of OGTT parameters. This indicated that more attention
needs to be paid to strict management of hyperglycemia including
diet control and exercise and pharmacological glucose-lowering is
needed to prevent adverse pregnancy outcomes. However, overly
Frontiers in Endocrinology | www.frontiersin.org 7
strict glycemic control may often lead to SGA offspring, to severe
diabetes. Our study showed no association between overweight or
obesity, excessive gestational weight gain, two or more abnormal
items of OGTT parameters, and SGA, and full- term birth weight.
This may be because our participant received medical nutrition
therapy after diagnosis, including interventions such as diet,
exercise, and insulin therapy, these interventions result in good
glycemic control so that they do not progress to severe
uncontrolled diabetes. Previous studies have noted that GDM
may result in SGA and preterm delivery and other neonatal
complications (10, 20). Severe diabetes or overly strict severe
diabetes or overly tight control may lead to SGA offspring. An
observational study involved 2037 GDMwomen revealed average
HbA1c levels in third trimester was a new risk factor for HDP in
GDM women a new association between mean HbA1c levels and
excessive weight gain and HDP has been established (47). Our
data showed the strongest influence on HDP was exerted pre-
pregnancy overweight or obesity, followed by excessive
gestational weight gain. It may therefore be speculated that
insulin resistance appears to be a key causative factor in HDP
(51). Hyperglycaemia and various adipose tissue cytokines may
be the mediators of systemic endothelial hypertensive
vasculopathy (52).

There are complex relationships between overweight or obesity,
gestational weight gain, maternal hyperglycemia, and adverse
pregnancy outcomes, especially the interaction of them.
Interaction analysis includes multiplicative interactions and
additive interactions interaction analysis (53). Previous studies
mainly focus on the association between overweight or obesity,
TABLE 5 | Coexist interaction of overweight or obesity, excessive gestational weight gain and glucose tolerance status on adverse pregnancy outcomesa.

Pre-pregnancy
BMI category(kg/
m2)

Gestational
weight gain
category

Glucose tol-
erance
status

Macrosomia LGA Preterm
deliveryb

HDP SGA Cesarean
section

Full term
low birth
weight

Composite
outcome

Underweight or
Normal (<24.0)

As or below
recommended

One
abnormal
items

1.00(Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

At least two
abnormal
items

1.52
(1.01,2.29)

1.21
(1.01,1.46)

1.13
(0.83,1.52)

1.84
(1.26,2.70)

0.97
(0.61,1.54)

1.10
(0.94,1.28)

1.24
(0.67,2.29)

1.13
(0.98,1.32)

Above
recommended

One
abnormal
items

2.22
(1.49,3.32)

1.63
(1.34,1.98)

0.62
(0.42,0.93)

2.58
(1.74,3.82)

0.85
(0.50,1.44)

1.49
(1.25,1.78)

1.19
(0.56,2.54)

1.55
(1.34,1.84)

At least two
abnormal
items

3.37
(2.15,5.26)

1.84
(1.44,2.34)

0.75
(0.46,1.22)

2.53
(1.57,4.08)

0.65
(0.30,1.39)

1.37
(1.10,1.71)

0.39
(0.09,1.68)

1.45
(1.17,1.80)

Overweight or
Obese (≥24.0)

As or below
recommended

One
abnormal
items

2.12
(1.19,3.78)

1.50
(1.12,2.02)

0.51
(0.26,1.03)

3.91
(2.29,5.96)

1.24
(0.60,2.60)

1.55
(1.19,2.00)

1.70
(0.69,4.23)

1.61
(1.24,2.09)

At least two
abnormal
items

2.01
(1.13,3.73)

1.44
(1.12,1.94)

1.00
(0.60,1.67)

4.11
(2.41,6.34)

0.82
(0.34,1.95)

1.42
(1.10,1.83)

0.43
(0.10,1.89)

1.67
(1.28,2.15)

Above
recommended

One
abnormal
items

4.48
(2.71,7.4114)

2.7313
(2.040,3.66)

0.83
(0.45,1.53)

3.66
(2.17,6.15)

0.15
(0.02,1.12)

2.20
(1.67,2.90)

0.33
(0.04,2.54)

2.74
(2.04,3.68)

At least two
abnormal
items

4.52
(2.60,7.84)

3.19
(2.33,4.37)

1.38
(0.80,2.38)

7.60
(4.78,12.08)

0.70
(0.25,1.99)

2.56
(1.89,3.47)

0.27
(0.35,2.11)

3.75
(2.63,5.34)
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and excessive gestational weight gain with adverse pregnancy
outcomes, few studies evaluating the combined effect of pre-
pregnancy overweight or obesity, excessive gestational weight
gain and glucose tolerance status on pregnancy outcomes. An
observational study examined the relative impact of a maternal
factor on birth weight showed that pre-pregnancy BMI, and
gestational weight gain was close with birth weight (54). A
recently published literature found pre-pregnancy overweight or
obesity increased the risk of macrosomia and LGA births
independently and partly mediated by GDM (55). Black M H
and colleagues conducted a retrospective study of 9,835women and
revealed that pre-pregnancy overweight or obesity accounts for
23.3% of LAG in women with GDM and 21.6% in women without
GDM (56). A large population-based study in Florida explored the
adjusted population-attributable fraction of LGA as a result of the
mutual effect of BMI, excessive gestational weight gain, and GDM
and they discovered overweight and obesity, excessive gestational
weight gain, and GDM all are associated with LGA, and excessive
gestational weight gain has the greatest potential to reduce LGA
risk (57). However, these studies mainly focus on neonatal birth
weight-related outcomes, other adverse pregnancy outcomes,
especially those related to the mother, were not addressed.

Our findings regarding fetal overgrowth are consistent with the
above studies. We also found the association with adverse maternal
outcomes. The mechanisms of pre-pregnancy overweight or
obesity and excessive gestational weight gain are probably may
be due to abnormal distribution of adipose tissue, which further
contribute to impaired maternal metabolism, and an unhealthy
intrauterine environment (58–60). Thus, pre-pregnancy
overweight or obesity, excessive gestational weight gain, and
GDM are inextricably linked. In our study, the high independent
effects of excessive gestational weight gain on fetal overgrowth
exceed that of pre-pregnancy overweight or obesity and two or
more abnormal items of OGTT parameters, while the independent
effect on HDP, cesarean section, and the composite outcome was
the greatest for pre-pregnancy overweight or obesity. It is worth
noting that the combination of each two and all have a greater
impact than either one alone and the all combination was of the
greatest. Previous studies also confirmed similar result (61–63).

Overweight or obese women may more likely to gain
excessive weight, excessive gestational weight gain can
aggravate insulin resistance, that is, increase the risk of
developing GDM (64–69). However, it is important to mention
that gestational weight gain as or below recommended among
overweight or obese women didn’t lower the risk of macrosomia,
LGA, HDP, cesarean section, and composite outcome, regardless
of OGTT pathological values. What’s more, gestational weight
gain as or below recommendations among underweight or
normal women with two or more abnormal items of OGTT
parameters was still associated with increased risk of
macrosomia, LGA, and HDP. These findings contrast with
those of previous studies which reported inadequate gestational
weight gain in overweight or obese women with GDM lower risk
of macrosomia (70), or do not effect on birth weight (64).

Our results presents the interplay between overweight or
obesity, gestational weight gain, and GDM and their
Frontiers in Endocrinology | www.frontiersin.org 8
interaction with adverse pregnancy outcomes. Wherefore, pre-
pregnancy overweight or obesity and gestational weight gain
requires systematic monitoring and management before and
during pregnancy. All women are encouraged to develop good
dietary and living habits before pregnancy, especially among
overweight or obese women. Observational study showed that
adherence to a healthy lifestyle before pregnancy by maintaining
a healthy weight, adhering to a healthy diet, regular exercise and
avoiding smoking can prevent approximately 45% of GDM cases
(71). And besides, diet and lifestyle changes early in pregnancy
can also prevent GDM. A meta-analysis showed that lifestyle
modification (diet, physical activity, or both) initiated before the
15th week of gestation reduced the risk of GDM (72). Totally, the
focus of GDM prevention efforts should be on the preconception
phase or early pregnancy to achieve the desired reduction in the
prevalence of GDM and the attendant pregnancy complications
(48). After the diagnosis, the treatment of GDM is mainly to
control the blood glucose level with target by dietary
modification and promotion of physical activity to prevent
fetal overgrowth and pregnancy complications (73–75). In
addition to hyperglycemia, excessive gestational weight gain is
also associated with fetal overgrowth and pregnancy
complications in both healthy and GDM pregnant women (76,
77). Weight management services are recommended before
conception to provide advice on weight optimization. In
contrast with pre-pregnancy overweight or obesity, prevention
of excessive gestational weight gain may be more feasible.
Pregnancy offers a unique challenging time for women to be to
informed of the long-term implications of overweight or obesity
and excessive gestational weight gain on themselves and their
fetal future health from obstetricians and midwives, help them
take preventive and interventive measures to lower the risk of
GDM and adverse pregnancy outcomes (78). Furthermore,
women of reproductive age usually don’t know their blood
glucose levels and thus miss out on preconception counseling
and treatment. Our results suggested that excessive weight gain
has the greatest impact on adverse pregnancy outcomes, followed
by pre-pregnancy overweight or obesity. Thus, Whether pre-
pregnancy overweight or obesity, or in those with two or more
abnormalities in glucose tolerance during pregnancy, we
recommend to monitor weight gain in each antenatal visit
carefully and set weight-gain goals for patients to reduce GDM
risk and improve adverse pregnancy outcomes. Little is known
about the optimal gestational weight gain for women with GDM,
and future research should focus on determining the appropriate
weight gain for women with GDM. Pharmacological treatment
should be initiated when glycaemia remains after 1-2 weeks of
lifestyle intervention, of which insulin is the primary medical
treatment also includes metformin or sulfonylurea (48).

There are some limitations to the study. First, due to
retrospective design, confirmation of causal association is
limited. Second, the category of BMI we used was Chinese
standard, i.e., BMI≥24 is defined as overweight and ≥28 as
obesity, which is different from the international definition in
the literature and will have some limitations when comparing the
results of others studies. Third, women with GDMwill be treated
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after diagnosis and those interventions may underestimate the
risk of adverse pregnancy outcomes. Although these limitations,
our study is the first time to depicted the interactive association
between overweight or obesity, excessive gestational weight gain,
abnormal items of OGTT on adverse pregnancy outcomes. The
second strength is that we adjusted for the potential mediating
effect and considered results reliable.

In summary, our result demonstrates the independent
multiplicative interaction but no additive interaction between
overweight or obesity, gestational weight gain, and two or more
abnormal items of OGTT parameters on adverse pregnancy
outcomes among women with GDM. Every effort should be
made for women to conceive with pre-pregnancy normal weight
and reasonable gestational weight gain to reduce the risk of GDM
and improve pregnancy outcomes.
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31. Ricart W, López J, Mozas J, Pericot A, Sancho MA, González N, et al. Body
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68. Morisset AS, Tchernof A, Dubé M-C, Veillette J, Weisnagel SJ, Robitaille J.
Weight Gain Measures in Women With Gestational Diabetes Mellitus.
J Womens Health (2011) 20:375–80. doi: 10.1089/jwh.2010.2252

69. Park S, Kim M-H, Kim S-H. Early Gestational Weight Gains Within Current
Recommendations Result in Increased Risk of Gestational Diabetes Mellitus
Among Korean Women. Diabetes Metab Res Rev (2014) 30:716–25.
doi: 10.1002/dmrr.2540

70. Kapadia M, Park C, Beyene J, Giglia L, Maxwell C, McDonald S. Can We
Safely Recommend Gestational Weight Gain Below the 2009 Guidelines in
Obese Women? A Systematic Review and Meta-Analysis. Obes Rev (2015)
16:189–206. doi: 10.1111/obr.12238
Frontiers in Endocrinology | www.frontiersin.org 11
71. Zhang C, Tobias DK, Chavarro JE, Bao W, Hu FB. Adherence to Healthy
Lifestyle and Risk of Gestational Diabetes Mellitus: Prospective Cohort Study.
BMJ (2015) 349:g5450. doi: 10.1136/bmj.g5450

72. Song C, Li J, Leng J, Ma R, Yang X. Lifestyle Intervention can Reduce the Risk
of Gestational Diabetes: A Meta-Analysis of Randomized Controlled Trials.
Obes Rev (2016) 17:960–9. doi: 10.1111/obr.12442

73. American Diabetes Association. 14. Management of Diabetes in Pregnancy:
Standards of Medical Care in Diabetes-2019. Diabetes Care (2019) 42:S165–
72. doi: 10.2337/dc19-S014

74. Gunderson EP. Gestational Diabetes and Nutritional Recommendations. Curr
Diabetes Rep (2004) 4:377–86. doi: 10.1007/s11892-004-0041-5

75. American Diabetes Association. 13. Management of Diabetes in Pregnancy:
Standards of Medical Care in Diabetes-2018. Diabetes Care (2018) 41:S137–
S43. doi: 10.2337/dc18-S013

76. Rasmussen KM, Catalano PM, Yaktine AL. New Guidelines for Weight Gain
During Pregnancy: What Obstetrician/Gynecologists Should Know. Curr
Opin Obstet Gynecol (2009) 21:521–6. doi: 10.1097/GCO.0b013e328332d24e

77. Kurtzhals L, Nørgaard S, Secher A, Nichum V, Ronneby H, Tabor A, et al. The
Impact of Restricted Gestational Weight Gain by Dietary Intervention on
Fetal Growth in Women With Gestational Diabetes Mellitus. Diabetologia
(2018) 61:2528–38. doi: 10.1007/s00125-018-4736-6

78. Chakkalakal R, Hackstadt A, Trochez R, Gregory R, Elasy T. Gestational
Diabetes and Maternal Weight Management During and After Pregnancy.
J Womens Health (2019) 28:646–53. doi: 10.1089/jwh.2018.7020

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Lin, Lin and Yan. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
July 2022 | Volume 13 | Article 942271

https://doi.org/10.1067/mob.2003.441
https://doi.org/10.2337/dc11-1790
https://doi.org/10.1007/s00404-006-0219-y
https://doi.org/10.1007/s00404-006-0219-y
https://doi.org/10.3109/09513590.2015.1127911
https://doi.org/10.3109/09513590.2015.1127911
https://doi.org/10.1016/j.earlhumdev.2018.07.008
https://doi.org/10.1111/j.1365-2265.2011.04234.x
https://doi.org/10.1097/AOG.0b013e3181cfce4f
https://doi.org/10.1097/AOG.0b013e318256cf1a
https://doi.org/10.1097/AOG.0b013e318256cf1a
https://doi.org/10.1089/jwh.2010.2252
https://doi.org/10.1002/dmrr.2540
https://doi.org/10.1111/obr.12238
https://doi.org/10.1136/bmj.g5450
https://doi.org/10.1111/obr.12442
https://doi.org/10.2337/dc19-S014
https://doi.org/10.1007/s11892-004-0041-5
https://doi.org/10.2337/dc18-S013
https://doi.org/10.1097/GCO.0b013e328332d24e
https://doi.org/10.1007/s00125-018-4736-6
https://doi.org/10.1089/jwh.2018.7020
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Interactive Affection of Pre-Pregnancy Overweight or Obesity, Excessive Gestational Weight Gain and Glucose Tolerance Test Characteristics on Adverse Pregnancy Outcomes Among Women With Gestational Diabetes Mellitus
	Introduction
	Materials and Methods
	The Study Population
	Study Variables
	Statistical Analysis

	Results
	Basic Characteristics of the Participants
	Association of Overweight or Obesity, Excessive Gestational Weight Gain, Abnormal Items of OGTT With Adverse Pregnancy Outcomes
	Pairwise Interaction of Overweight or Obesity, Excessive Gestational Weight Gain and Abnormal Items of OGTT on Adverse Pregnancy Outcomes
	Coexist Interaction of Overweight or Obesity, Excessive Gestational Weight Gain and Abnormal Items of OGTT on Adverse Pregnancy Outcomes

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


