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Abstract
Background  Give the high background risk of adverse pregnancy outcomes (APOs), it is important to understand 
the associations of maternal pre-pregnancy body mass index (ppBMI), gestational weight gain (GWG) with APOs in 
women with gestational diabetes mellitus (GDM). We addressed the independent and joint associations of maternal 
ppBMI and GWG with APOs in Chinese women with GDM.

Methods  764 GDM women with singleton delivery were studied and they were stratified into three weight groups 
by ppBMI (underweight, normal weight and overweight/obesity) following classification standards for Chinese 
adults and three GWG groups (inadequate, adequate, excessive GWG) by the 2009 Institute of Medicine guidelines, 
respectively. Univariate and multivariate logistic regression analyses were performed to estimate the odds ratios of 
APOs.

Results  Maternal overweight/obesity was associated with increased odds of pregnancy-induced hypertension [PIH, 
adjusted odds ratio (aOR): 2.828, 95% confidence interval (CI) 1.382–5.787], cesarean delivery (CS) (aOR 2.466, 95%CI 
1.694–3.590), preterm delivery (aOR 2.466, 95%CI 1.233–4.854), LGA (aOR 1.664, 95%CI 1.120–2.472), macrosomia 
(aOR 2.682, 95%CI 1.511–4.760) and any pregnancy complication (aOR 2.766, 95%CI 1.840–4.158) compared with 
healthy weight. Inadequate GWG was less likely to develop PIH (aOR 0.215, 95%CI 0.055–0.835), CS (aOR 0.612, 95%CI 
0.421–0.889) and any pregnancy complication (aOR 0.628, 95%CI 0.435–0.907), but had higher risk of preterm birth 
(aOR 2.261, 95%CI 1.089–4.692), while excessive GWG was more vulnerable to LGA (aOR 1.929, 95%CI 1.272–2.923), 
macrosomia (aOR 2.753, 95%CI 1.519–4.989) and any pregnancy complication (aOR 1.548, 95%CI 1.006–2.382) as 
compared to adequate GWG. Furthermore, compared to normal weight mothers with adequate GWG, obese mothers 
with excessive GWG had the highest risk of any pregnancy complication (aOR 3.064, 95%CI 1.636–5.739).
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Background
The prevalence of overweight and obesity for women at 
childbearing age has increased dramatically and glob-
ally. Pre-pregnancy overweight/obesity is garnering 
more attention as a determinant of pregnancy outcomes 
for both maternal and child wellbeing. For example, the 
global incidence rate of overweight/obese women rose 
from 29.8% to 1980 to 38.0% in 2013 [1]. In China, over-
weight/obese is common in 10–24% of pregnant women 
while almost 11–13% pregnant women were underweight 
[2, 3]. Accumulating evidences showed that maternal 
pre-pregnancy overweight/obesity increased the risks 
of adverse perinatal outcomes such as preterm birth, 
large-for-gestational age (LGA) and macrosomia, while 
maternal underweight was related to low birth weight 
and small-for-gestational age (SGA) in non-diabetic pop-
ulation [4–6]. However, few studies have been made on 
GDM women.

Next to maternal pre-pregnancy body mass index 
(ppBMI), too little or excessive gestational weight gain 
(GWG) during pregnancy could also generate widespread 
damages to mothers and infants [7, 8]. To optimize preg-
nancy outcomes, the Institute of Medicine (IOM) pub-
lished the recommended guidelines on appropriate GWG 
first in 1990 and revised in 2009 [10, 11]. Despite the 
updated IOM’s GWG targets include a more specific and 
narrower range based on ppBMI and apply to women of 
all ethnicities and statures, heterogeneity of race and eth-
nicity does exist and there is still approximately 36% of 
pregnant women gained weight above the IOM’s guide-
lines [12–14]. For example, high rates of excessive GWG 
(EGWG) and pre-pregnancy overweight/obesity were 
reported in Europe (36% and 29%, respectively) and USA 
(44% and 59.5%, respectively) [15, 16], while these figures 
were lower in China (27.6% and 6.1%, respectively) [17, 
18]. In addition, most of the current evidences displayed 
that inadequate and excessive GWG were related to poor 
pregnancy outcomes for non-diabetic women in West-
ern or high-income countries [9, 19, 20], there is limited 
information regarding the impacts of the revised IOM’s 
GWG targets on pregnancy outcomes in Asian women 
with GDM.

The prevalence of GDM is growing in line with delayed 
motherhood, the rising incidence rate of overweight and 
obesity and unhealthy lifestyles. In Shanghai, 24.1% of 
pregnant women were identified as GDM in 2016 accord-
ing to our early study of 3269 Chinese singleton pregnant 

women [21]. Obesity is often accompanied by GDM 
[22]. Fat, as an endocrine organ, interacts with abnor-
mal glucose metabolism. Nevertheless, experimental 
studies found that exceeding a certain level of metabolic 
disorders resulting in GDM does not require increase in 
the adipose tissue mass [23–25]. Therefore, it is unclear 
whether obesity combined with excessive GWG could 
pose additional risk to women with GDM and whether 
obesity or excessive GWG alone could generate worse 
perinatal outcomes in women with GDM.

To address the above-mentioned questions, we made 
this retrospective and real-world study to explore the 
associations between maternal ppBMI, GWG and 
adverse pregnancy outcomes in Chinese GDM women 
who face a greater background risk of adverse outcomes. 
Furthermore, we evaluated the impacts of different GWG 
categories on the rates of adverse pregnancy outcomes in 
Chinese GDM women with different pre-pregnancy BMI 
categories.

Materials and methods
Subjects and study design
We conducted a retrospective cohort study using data 
from our previous studies [21, 26, 27]. Briefly, a total of 
4178 pregnant women who performed an oral glucose 
tolerance test (OGTT) at 24–28 weeks and delivered 
in the obstetrics department of Shanghai Sixth People’s 
Hospital Affiliated to Shanghai Jiao Tong University 
School of Medicine from January to December in 2016 
were continuously observed. Among them, 787 singleton 
pregnant women were diagnosed with GDM. We further 
excluded women if they met any of the criteria as fol-
lows:1) incomplete information on demographics, com-
plications, delivery information; 2) reproductive system 
anatomy abnormalities, a history of chronic diseases or 
malignancy; 3) women with previous pregnancy compli-
cations. Finally, 764 GDM women joined in the current 
study.

Our study was approved by the ethics committee of 
Shanghai Sixth People’s Hospital Affiliated to Shanghai 
Jiao Tong University School of Medicine, and written 
informed consents were obtained from the whole par-
ticipants following the Declaration of Helsinki. The flow 
chart of the subject enrollment in our study was shown 
in Fig. 1.

Conclusions  Maternal overweight/obesity and GWG were associated with APOs in the already high-risk settings of 
GDM. Obese mothers with excessive GWG may confer the greatest risk of adverse outcomes. It was very helpful to 
reduce the burden of APOs and benefit GDM women by promoting a healthy pre-pregnancy BMI and GWG.

Keywords  Pre-pregnancy overweight/obesity, Gestational weight gain, Gestational diabetes mellitus, Adverse 
pregnancy outcomes
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Data collection and definitions
Maternal characteristics including maternal age, body 
weight and height before pregnancy, gestational age, pri-
miparity, number of previous pregnancies and births, 
maternal weight at delivery, implementation on doc-
tors’ advices, characteristics of their offspring including 
neonatal sex, birth weight and height, Apgar scores and 
adverse pregnancy outcomes were obtained from their 
pre-natal care visits and hospital admission/discharge 
records.

GDM was identified when fasting blood glucose 
(FBG) ≥ 5.1 mmol/L during the first trimester or any 
plasma glucose after a 75  g OGTT performed as: 
FBG ≥ 5.1 mmol/L, 1  h after glucose load ≥ 10.0 mmol/L 
or 2 h after glucose load ≥ 8.5 mmol/L using the criteria 
of International Association of Diabetes and Pregnancy 
Study Groups (IADPSG) [28]. For each GDM woman, 
doctors’ advices on lifestyle changes including diet modi-
fication, self-monitor glucose and exercise, and the use 
of insulin when lifestyle changes failed to maintain ade-
quate glycemic targets which were well-described pre-
viously [29]. All data on whether they followed doctors’ 
advices and adopted insulin therapy were manually col-
lected from their medical records on a fortnightly basis of 
pre-natal care visit. Among them, 545 subjects achieved 
more than 80% doctors’ advices who were classified as 

implementation on doctors’ advices, as described in our 
previous study [21].

PpBMI was obtained as pre-pregnancy weight 
(kg)/height(m)2, and participants in our study were cate-
gorized into three weight groups by ppBMI classification 
standards for Chinese adults: underweight (< 18.5 kg/m2), 
normal weight (18.5–23.9  kg/m2) and overweight/obe-
sity (≥ 24 kg/m2) [30]. GWG was calculated by deducting 
pre-pregnancy weight from maternal at-delivery weight, 
and each woman was stratified into three GWG groups 
by the revised IOM’s guidelines as inadequate, adequate, 
or excessive. Adequacy of GWG was defined according 
to the revised IOM’s recommended GWG for under-
weight, normal weight, overweight and obese women 
who could add 12.5–18  kg, 11.5–16  kg, 7-11.5  kg, and 
5–9  kg, respectively [11]. Inadequate GWG (iGWG) or 
excessive GWG (EGWG) was successively defined as 
below or above the IOM’s GWG targets in each ppBMI 
status. Moreover, given the relatively small sample size of 
underweight group, the associations of the various GWG 
ranges with pregnancy complications were only con-
ducted in maternal normal and overweight/obese catego-
ries under the subgroup analysis, rather than maternal 
underweight group.

Fig. 1  The flow chart of the subject enrollment in our study
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Adverse pregnancy outcomes
The primary outcome in the present study was any 
pregnancy complication [including pregnancy-induced 
hypertension (PIH), preeclampsia, cesarean delivery 
(CS), preterm delivery, low birth weight, macrosomia, 
LGA, SGA) and the secondary outcome was PIH, pre-
eclampsia, CS, preterm delivery, low birth weight, mac-
rosomia, LGA and SGA, respectively.

PIH was defined as new-onset systolic blood pres-
sure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 
mmHg which occurred after 20-week gestation [31]. Pre-
eclampsia was diagnosed as PIH accompanied by pro-
teinuria 0.3 g/ 24 h [31]. CS was recorded by a midwife or 
doctor. Preterm delivery was defined as < 37 gestational 
weeks at birth [31]. Low birth weight was identified as 
birthweight < 2500  g and macrosomia was identified as 
birthweight ≥ 4000  g [31]. SGA and LGA were succes-
sively referred to birthweight < 10th and > 90th percentile 
for gestational age on a standard growth chart [32].

Statistical analysis
All statistical analyses were made by SPSS 19.0. The 
measurement data of normal distribution were rep-
resented as mean ± standard deviation, and One-way 
ANOVA with LSD was applied to make comparisons 
among groups. Non-normal distribution was expressed 
as median (interquartile range), and the Kruskal-Wallis 
test was used to compare among groups. Enumeration 
data were described as frequency (percent) and the chi-
squared test was adopted to make comparisons among 
groups. To assess the impacts of maternal ppBMI and 
GWG on adverse pregnancy outcomes in GDM women, 
multiple logistic regression models were used and odds 
ratios were obtained after adjustment for the following 
covariates that were the statistically significant features 
in Table  1 and had indeed proven influences on mater-
nal and neonatal adverse outcomes reported by the 
previous literatures [21, 33]: maternal age, primiparity, 
gestational weeks, GWG, FBG and implementation on 
doctors’ advices. Models for neonatal outcomes were also 

Table 1  Characteristics of maternal and their offsprings according to pre-pregnancy BMI and GWG status in GDM women
Variables Under-

weight
(n = 65)

Normal 
weight
(n = 481)

Over-
weight/
obese 
(n = 218)

p 
value

iGWG
(n = 238)

Adequate 
GWG 
(n = 329)

EGWG
(n = 197)

p 
value

Maternal characteristics

Maternal age (years)a 29(26–31) 30(27–34) 31(28–35) < 0.001 30(28–34) 30(28–34) 30(27–34) 0.292

Gestational age (weeks) 38.3 ± 4.2 38.6 ± 2.5 38.6 ± 2.3 0.717 37.9 ± 2.9 38.8 ± 1.7 39 ± 1.7 < 0.001

Pre-pregnancy BMI (kg/m2)a 17.88(17.45–
18.17)

21.26(19.95–
22.48)

25.79(24.83–
27.94)

< 0.001 21.48(19.92–
23.08)

21.88(19.88–
24.22)

23.44(20.80-25.46) < 0.001

Primiparity, n (%) 45(69.2) 304(63.2) 119(54.6) 0.028 139(58.4) 190(57.8) 139(70.6) 0.017

Number of previous pregnancies, n (%) 0.275 0.988

  0 time 27(41.5) 200(41.6) 74(33.9) 93(39.1) 128(38.9) 80(40.6)

  1 time 22(33.8) 135(28.1) 69(31.7) 70(29.4) 97(29.5) 59(29.9)

  2 times and above 16(24.6) 146(30.4) 75(34.4) 75(31.5) 104(31.6) 58(29.4)

Number of previous births, n (%) 0.164 0.027

  0 time 45(69.2) 304(63.2) 119(54.6) 139(58.4) 190(57.8) 139(70.6)

  1 time 18(27.7) 167(34.7) 93(42.7) 92(38.7) 131(39.8) 55(27.9)

  2 times and above 2(3.1) 10(2.1) 6(2.8) 7(2.9) 8(2.4) 3(1.5)

GWG (kg)a 13(10–16.25) 13(10–15.75) 10(7.5–14) < 0.001 9(6–10) 13(11–15) 17(15–20) < 0.001

75 g OGTT

  FBG (mmol/l) 4.67 ± 0.51 4.77 ± 0.52 4.90 ± 0.55 < 0.001 4.69 ± 0.55 4.78 ± 0.52 4.95 ± 0.51 < 0.001

  1 h PBG (mmol/l) 8.51 ± 1.56 8.64 ± 1.56 8.57 ± 1.62 0.849 8.66 ± 1.58 8.57 ± 1.59 8.59 ± 1.56 0.845

  2 h PBG (mmol/l) 7.44 ± 1.58 7.14 ± 1.61 7.19 ± 1.63 0.446 7.41 ± 1.72 7.05 ± 1.60 7.13 ± 1.46 0.055

Implementation on doctors’ 
advices, n (%)

47(72.3) 341(70.9) 157(72) 0.939 168(70.6) 239(72.6) 138(70.1) 0.779

Newborn characteristics

  Male, n (%) 32(49.2) 249(51.8) 117(53.7) 0.760 117(49.2) 170(51.7) 111(56.3) 0.434

  Birth weight (g) 3157 ± 607 3347 ± 507 3432 ± 598 0.002 3189 ± 619 3347 ± 481 3564 ± 491 < 0.001

  Birth height (cm) 49.24 ± 3.13 49.70 ± 2.23 49.66 ± 3.74 0.475 49.26 ± 3.29 49.63 ± 3.15 50.14 ± 0.88 0.006

  Apgar scores 9.63 ± 0.77 9.87 ± 0.93 9.79 ± 0.77 0.227 9.67 ± 1.02 9.85 ± 1.02 9.99 ± 0.97 0.005
Abbreviations: BMI: pre-pregnancy body mass index; GWG: gestational weight gain; GDM: gestational diabetes mellitus; iGWG: inadequate GWG; EGWG: excessive 
GWG; OGTT, Oral glucose tolerance test; FBG, Fasting blood glucose; 1 h PBG, 1 h Postprandial blood glucose; 2 h PBG, 2 h Postprandial blood glucose

Continuous variables were expressed as mean ± standard deviation or median with interquartile range, while categorical variables were expressed as percentages
aNon-normal distribution of continuous variables
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adjusted for PIH and preeclampsia. P < 0.05 (two-sided) 
was regarded as statistically significant.

Results
Demographic and clinical characteristics of the studied 
subjects
Of all 764 GDM women, the median maternal age, ppBMI 
and total GWG were 30 years (IQR 27–34), 22.03 kg/m2 
(IQR 22.01–24.22) and 12  kg (IQR 10–15), respectively. 
The demographic and clinical characteristics of maternal 
and their offspring based on ppBMI and GWG statuses 
are presented in Table 1. According to the ppBMI status, 
65 women (8.5%) were underweight, 481 (63%) were of 
normal weight, and 218 (28.5%) were overweight/obese. 
Compared with normal weight and underweight groups, 
maternal pre-pregnancy overweight/obese group has 
significantly higher maternal pre-pregnancy overweight/
obese group has significantly higher maternal age, FBG, 

and neonatal birth weight and lower primiparity, as well 
as GWG (all p < 0.05). In addition, based on the revised 
IOM’s guidelines for GWG, 238 women (31.2%) exhib-
ited iGWG, 329 (43.1%) exhibited adequate GWG, and 
197 (25.7%) exhibited EGWG. Compared to women with 
adequate or inadequate GWG, those with EGWG exhib-
ited remarkably higher gestational age, ppBMI, primi-
parity, FBG, neonatal birth weight and height as well as 
Apagar scores (all p < 0.05).

Maternal ppBMI status and risks of adverse pregnancy 
outcomes in GDM women
Table 2 demonstrated that the effects of different mater-
nal ppBMI status on adverse pregnancy complication. As 
compared to normal weight mothers, overweight/obesity 
mothers had 2.766-higher risk of any pregnancy com-
plication even after multivariable adjustments. Mothers 
with overweight/obesity had also markedly increased 

Table 2  Maternal ppBMI status and risks of adverse pregnancy outcomes in GDM women
Outcomes Underweight Normal weight Overweight/obese
PIH, n (%) 2(3.1) 19(4) 22(10.1)

  Unadjusted OR (95%CI) 0.770(0.175–3.386) 1(ref ) 2.723(1.442–5.145)*

  Adjusted OR (95%CI) 0.971(0.211–4.467) 1(ref ) 2.828(1.382–5.787)*

Preeclampsia, n (%) 1(1.5) 13(2.7) 10(4.6)

  Unadjusted OR (95%CI) 0.563(0.072–4.372) 1(ref ) 1.731(0.747–4.011)

  Adjusted OR (95%CI) 0.667(0.081–5.468) 1(ref ) 1.959(0.783–4.902)

CS, n (%) 23(35.4) 210(43.7) 131(60.1)

  Unadjusted OR (95%CI) 0.707(0.412–1.212) 1(ref ) 1.943(1.403–2.691)**

  Adjusted OR (95%CI) 0.790(0.437–1.429) 1(ref ) 2.466(1.694–3.590)**

Preterm delivery, n (%) 4(6.2) 25(5.2) 26(11.9)

  Unadjusted OR (95%CI) 1.191(0.401–3.538) 1(ref ) 2.459(1.385–4.367)*

  Adjusted ORa (95%CI) 0.682(0.148–3.139) 1(ref ) 2.446(1.233–4.854)*

LGA, n (%) 11(16.9) 113(23.5) 70(32.1)

  Unadjusted OR (95%CI) 0.663(0.335–1.312) 1(ref ) 1.540(1.081–2.194)*

  Adjusted ORb (95%CI) 0.624(0.293–1.330) 1(ref ) 1.664(1.120–2.472)*

SGA, n (%) 1(1.5) 7(1.5) 4(1.8)

  Unadjusted OR (95%CI) 1.058(0.128–8.740) 1(ref ) 1.266(0.367–4.369)

  Adjusted ORb (95%CI) - 1(ref ) 1.517(0.394–5.849)

Macrosomia, n (%) 1(1.5) 39(8.1) 32(14.7)

  Unadjusted OR (95%CI) 0.178(0.024–1.317) 1(ref ) 1.981(1.203–3.261)*

  Adjusted ORc (95%CI) 0.178(0.023–1.390) 1(ref ) 2.682(1.511–4.760)*

Low birth weight, n (%) 4(6.2) 17(3.5) 15(6.9)

  Unadjusted OR (95%CI) 1.800(0.586–5.527) 1(ref ) 2.405(1.002–4.177)*

  Adjusted ORc (95%CI) 1.744(0.195–15.563) 1(ref ) 1.015(0.278–3.705)

Any pregnancy complication, n (%) 33(50.8) 274(57) 164(75.2)

  Unadjusted OR (95%CI) 0.779(0.464–1.309) 1(ref ) 2.294(1.606–3.277)**

  Adjusted ORa (95%CI) 0.764(0.435–1.341) 1(ref ) 2.766(1.840–4.158)**
Abbreviations: ppBMI: pre-pregnancy body mass index; GDM: gestational diabetes mellitus; FBG: fasting blood glucose; PIH: pregnancy-induced hypertension; CS: 
cesarean delivery; LGA: large-for-gestational age; SGA: small for-gestational age; OR: odds ratio; 95%CI: 95% confidence interval

Adjusted OR: adjusted for maternal age, primiparity, gestational weeks, GWG, FBG and implementation on doctors’ advices

Adjusted ORa: adjusted for maternal age, primiparity, GWG, FBG and implementation on doctor’s advice

Adjusted ORb: adjusted for maternal age, primiparity, GWG, FBG, implementation on doctor’s advice, PIH and preeclampsia

Adjusted ORc: adjusted for maternal age, gestational weeks, primiparity, GWG, FBG, implementation on doctor’s advice, PIH and preeclampsia

*p value < 0.05; **p value < 0.001
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risks for PIH [adjusted odds ratio (aOR) 2.828, 95% con-
fidence interval (CI) 1.382–5.787], CS (aOR 2.466, 95%CI 
1.694–3.590), preterm delivery (aOR 2.466, 95%CI 1.233–
4.854), LGA (aOR 1.664, 95%CI 1.120–2.472) and mac-
rosomia (aOR 2.682, 95%CI 1.511–4.760). However, no 
statistical significance was found on the risks of adverse 
pregnancy outcomes between normal weight mothers 
and underweight mothers.

Maternal GWG and risks of adverse pregnancy outcomes in 
GDM women
Table  3 displays the impacts of different GWG ranges 
on adverse pregnancy outcomes in GDM women. Com-
pared with being adequate GWG, being iGWG had a 
lower risk of any pregnancy complication (aOR 0.628, 
95%CI 0.435–0.907) and being EGWG had a higher 
risk of any pregnancy complication (aOR 1.548, 95%CI 

1.006–2.382) even after adjustment for confounders. 
Pregnancies with iGWG has also dramatically lower risks 
of PIH (aOR 0.215, 95%CI 0.055–0.835), CS (aOR 0.612, 
95%CI 0.421–0.889), but higher risk of preterm birth 
(aOR 2.261, 95%CI 1.089–4.692). Moreover, it was found 
that pregnancies with EGWG faced prominently elevated 
risks of LGA (aOR 1.929, 95%CI 1.272–2.923) and mac-
rosomia (aOR 2.753, 95%CI 1.519–4.989).

Maternal ppBMI and GWG status and risks of adverse 
pregnancy outcomes in GDM women
Table  4 presents subgroup analysis of the associations 
of the various GWG ranges with pregnancy complica-
tion in maternal pre-pregnancy normal and overweight/
obese categories. Taken normal weight mothers with 
adequate GWG as reference, normal weight mothers 
with EGWG, overweight/obese mothers with adequate 

Table 3  Maternal GWG and risks of adverse pregnancy outcomes in GDM women
Outcomes iGWG Adequate GWG EGWG
PIH, n (%) 5(2.1) 18(5.5) 22(10.1)

  Unadjusted OR (95%CI) 0.372(0.136–1.018) 1(ref ) 1.952(1.006–3.789)*

  Adjusted OR (95%CI) 0.215(0.055–0.835)* 1(ref ) 1.669(0.801–3.476)

Preeclampsia, n (%) 2(0.8) 13(4) 9(4.6)

  Unadjusted OR (95%CI) 0.206(0.046–0.922)* 1(ref ) 1.164(0.488–2.774)

  Adjusted OR (95%CI) 0.187(0.035–1.007) 1(ref ) 1.051(0.408–2.708)

CS, n (%) 87(36.6) 164(49.8) 113(57.4)

  Unadjusted OR (95%CI) 0.580(0.412–0.815)* 1(ref ) 1.353(0.948–1.931)

  Adjusted OR (95%CI) 0.612(0.421–0.889)* 1(ref ) 1.279(0.860–1.903)

Preterm delivery, n (%) 24(10.1) 20(6.1) 11(5.6)

  Unadjusted OR (95%CI) 1.749(0.942–3.247) 1(ref ) 0.914(0.428–1.950)

  Adjusted ORa (95%CI) 2.261(1.089–4.692)* 1(ref ) 1.215(0.520–2.838)

LGA, n (%) 39(16.4) 79(24) 76(38.6)

  Unadjusted OR (95%CI) 0.620(0.405–0.950)* 1(ref ) 1.988(1.356–2.914)*

  Adjusted ORb (95%CI) 0.657(0.421–1.026) 1(ref ) 1.929(1.272–2.923)*

SGA, n (%) 3(1.3) 5(1.5) 4(2)

  Unadjusted OR (95%CI) 0.827(0.196–3.496) 1(ref ) 1.343(0.356–5.062)

  Adjusted ORb (95%CI) 0.680(0.120–3.845) 1(ref ) 2.190(0.508–9.440)

Macrosomia, n (%) 10(4.2) 26(7.9) 36(18.3)

  Unadjusted OR (95%CI) 0.524(0.248–1.109) 1(ref ) 2.621(1.528–4.497)*

  Adjusted ORc (95%CI) 0.551(0.246–1.234) 1(ref ) 2.753(1.519–4.989)*

Low birth weight, n (%) 18(7.6) 13(4) 5(2.5)

  Unadjusted OR (95%CI) 2.041(0.979–4.254) 1(ref ) 0.636(0.223–1.811)

  Adjusted ORc (95%CI) 1.863(0.500-6.937) 1(ref ) 1.606(0.362–7.126)

Any pregnancy complication, n (%) 122(51.3) 208(63.2) 141(71.6)

  Unadjusted OR (95%CI) 0.612(0.436–0.859)* 1(ref ) 1.465(0.999–2.146)

  Adjusted ORa (95%CI) 0.628(0.435–0.907)* 1(ref ) 1.548(1.006–2.382)*
Abbreviations: GDM: gestational diabetes mellitus; GWG: gestational weight gain; ppBMI: pre-pregnancy body mass index; iGWG: inadequate GWG; EGWG: excessive 
GWG; PIH: pregnancy-induced hypertension; CS: cesarean delivery; LGA: large-for-gestational age; SGA: small for-gestational age; FBG: fasting blood glucose; OR: 
odds ratio; 95%CI: 95% confidence interval

Adjusted OR: adjusted for maternal age, primiparity, gestational weeks, ppBMI, FBG and implementation on doctors’ advices

Adjusted ORa: adjusted for maternal age, primiparity, ppBMI, FBG and implementation on doctor’s advice

Adjusted ORb: adjusted for maternal age, primiparity, ppBMI, FBG, implementation on doctor’s advice, PIH and preeclampsia

Adjusted ORc: adjusted for maternal age, gestational weeks, primiparity, ppBMI, FBG, implementation on doctor’s advice, PIH and preeclampsia

*p value < 0.05; **p value < 0.001
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GWG and EGWG faced 1.745-, 2.356- and 3.064-fold 
risks of any pregnancy complication even in the adjusted 
models. Overweight/obese mothers with EGWG had the 
highest risks of PIH [aOR 3.113, 95% CI 1.257–7.709], CS 
(aOR 2.699, 95%CI 1.535–4.746), preterm delivery (aOR 
5.810, 95%CI 1.745–19.342), LGA (aOR 2.892, 95%CI 
1.185–3.695) and macrosomia (aOR 3.679, 95%CI 1.731–
7.819). Interestingly, normal weight mothers with iGWG 
had obviously lower risks of PIH (aOR 0.086, 95%CI 
0.009–0.812) and preeclampsia (aOR 0.094, 95%CI 
0.009–0.999).

Discussion
In the present study, we found that maternal pre-preg-
nancy overweight/obesity and GWG were associated 
with adverse pregnancy outcomes in the already high-
risk settings of GDM. Women with the combination of 
overweight/obesity and EGWG may confer the great-
est risk of adverse outcomes even after adjustment for 
confounders.

Although majority of studies have investigated the 
impacts of maternal ppBMI on adverse outcomes includ-
ing GDM women [34–36], few data addressed the rela-
tions of maternal ppBMI with perinatal outcomes in 
GDM women. Recently, a retrospective cohort study of 
1263 GDM mother-child pairs indicated that maternal 
pre-pregnancy overweight and obesity were related to 
rising risks of LGA [1.87 (95%CI 1.37–2.55), 2.98 (95%CI 
1.89–4.69)] and macrosomia [2.06 (95%CI 1.50–2.84), 
2.89 (95%CI 1.78–4.70)] in comparison of maternal pre-
pregnancy normal weight; however, this study collapsed 
maternal underweight into normal weight group given 
the rarity of underweight GDM women [37]. In our study, 
we stratified GDM women into underweight, normal 
weight and overweight/obese groups, and observed that 
65 (8.5%) of 764 GDM women was underweight, similar 
as the figures of 108 (7.6%) and 96 (11.5%) underweight 
pregnancies in another two Chinese cohort studies of 
GDM women [34, 35]. Concurring with the previous 
reports [34, 35], our study revealed that the great odds 
of PIH, CS, preterm birth, LGA and macrosomia were 
found in women who were overweight/obese before 
pregnancy even after adjusting for possible confound-
ing factors. Nonetheless, different from Miao et al. [34], 
we didn’t find reduced risks of LGA and macrosomia for 
underweight women in comparison with normal-weight 
women, which may stem from further adjustments for 
the blood glucose and lifestyle intervention in our study. 
Sun et al. [35] displayed that low weight birth, but not 
macrosomia, was likely to occur in underweight GDM 
women without considering other risk factors. Given 
above small samples of underweight in GDM women, 
further in-depth comparative studies are warranted to 

clarify the impacts of underweight on perinatal outcomes 
in GDM women.

Currently, GDM women often use the revised IOM’s 
guidelines to assess their GWG targets as no GDM-spe-
cific GWG guidelines are available. In our study, the rates 
of insufficient and excessive GWG in GDM women were 
31.2% and 25.8%, similar as another Chinese study found 
that insufficient GWG and EGWG in GDM women were 
33.9% and 31.2% [33], but lower than 38% of EGWG in 
another Australia study [38]. The lower rate of EGWG in 
our study may result from the fact that up to 76.2% GDM 
women in our study followed doctors’ advices, while diet 
or exercise wasn’t recorded in another Chinese study 
above [33] and nearly 50% of EGWG pregnancies were 
of European descent and Middle Eastern in the Aus-
tralia study [38]. The studies on associations of adverse 
pregnant outcomes with GWG in GDM women mainly 
focused on EGWG. Both a multicenter randomized clini-
cal trial and the ATLANTIC Gestational Diabetes Pro-
gram showed that pregnancies with EGWG were more 
prone to CS, macrosomia and LGA [12, 39]; however, 
these two studies included the inadequate and adequate 
GWG into the non-excessive group as control. Whether 
insufficient and excessive GWG are modifiable risk fac-
tors for worse clinical outcomes in GDM women arouse 
more interests and it is also worth exploring. A recent 
retrospective cohort study of all GDM pregnancies 
demonstrated that the pregnancies with EGWG posed 
nearly a two-fold higher risk of LGA and macrosomia, 
and a 1.5-fold higher risk of CS as compared with those 
with appropriate GWG [38]. Shi and colleagues [33] also 
showed that GDM women with total GWG above IOM’s 
guidelines faced a 1.34-fold likelihood of CS, 1.55-fold 
likelihood of macrosomia and 2.82-fold likelihood of 
LGA in comparison to those with GWG within IOM’s 
guidelines. Consistent with these studies, our results also 
displayed that GDM mothers with EGWG bore 2.753-
fold risk of macrosomia and 1.929-fold risk of LGA in 
comparison to those with appropriate GWG. Different 
from them, we didn’t observe an increased incidence of 
CS in pregnancies with EGWG. Interestingly, our sub-
group analysis may help to explain the discrepancy in CS, 
where we found the odds of CS was significantly higher 
in overweight/obese mothers with adequate or EGWG, 
but not in normal weight mothers with EGWG when 
using women with normal pre-gestational weight and 
proper GWG as the reference group. Moreover, our sub-
group analysis also helped to explain the contrary results 
regarding the effects of EGWG on hypertensive events 
in GDM women. Studies from Shi et al. [33] and Macrì 
et al. [40] demonstrated that GDM women with EGWG 
were at elevated risk of hypertensive disorders of preg-
nancy in relative to those within adequate GWG. Con-
versely, Gou et al. [41], Miao et al. [34] and our present 
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study did not observe an association between gestational 
hypertension and EGWG in GDM women. This may be 
explained by our subgroup analyses, which we found that 
GDM women with both overweight/obesity and EGWG, 
but not normal weight with EGWG, exhibited a greater 
risk of developing PIH as compared to those with normal 
weight and adequate GWG.

Several previous studies have been made regarding the 
relations of inadequate GWG and perinatal outcomes 
in women with GDM, but with conflicting conclusions. 
For example, Shi and colleagues [33] showed that total 
GWG below IOM’s guidelines was related to an elevated 
risk of preterm birth, SGA and reduced odds of macro-
somia and LGA. Gou et al. [41] and our results displayed 
that insufficient GWG dramatically increased the risk for 
preterm birth, but was not related to SGA, macrosomia 
and LGA. However, Scifres et al. [42] showed that both 
EGWG and insufficient GWG added the risk of macroso-
mia. Different regions, sample sizes, dietary cultures and 
characteristics of the study population may lead to these 
inconsistent conclusions. Furthermore, we observed that 
insufficient GWG could protect against CS, PIH and any 
pregnancy complication, contrary to previous reported 
results [43]. Align with us, a Brazilian study of 2244 GDM 
pregnant women concluded that women with less than 
the recommended GWG in the second trimester faced a 
lower risk of CS than those with sufficient GWG during 
that period [44]. According to these findings, we specu-
late that weight gain less than the revised IOM’s recom-
mended weight gain may be adequate for women with 
GDM, but further large samples of prospective cohorts 
are needed to further verify these findings.

PpBMI reflects the nutritional conditions of pregnant 
women before conception, while GWG stands for the 
nutritional status of pregnant women during pregnancy 
[45, 46]. Pre-pregnancy overweight/obesity and EGWG 
as determinant factors of pregnancy outcomes are arous-
ing more interests because it comes to the well-beings 
of both mothers and their babies [1, 2, 47]. Robust data 
revealed that maternal pre-pregnancy overweight/obe-
sity and EGWG were highly related to maternal-infant 
adverse outcomes including women with GDM [47, 48], 
and more interests were generated to wonder which con-
dition was worse by comparing overweight/obese alone 
with EGWG alone in women with GDM. Recently, sev-
eral population-based cohort studies documented the 
pre-pregnancy obesity had a greater impact on adverse 
pregnancy outcomes than EGWG; however, those con-
clusions were indirectly obtained through numeric com-
parison on the risks of adverse perinatal outcomes after 
comparing obesity with normal ppBMI and contrast-
ing EGWG with adequate GWG, respectively [8, 49]. By 
contrast, Gujski and his colleagues showed that weaker 
associations of mothers with pre-gestational obesity 

and perinatal outcomes were observed as compared to 
mothers with EGWG in diet controlled GDM women 
without considering risk factors such as maternal age 
[50]. The above inconsistent conclusions may be par-
tially explained by our study that we observed that over-
weight/obese mothers with adequate GWG (overweight/
obese alone) had stronger associations with maternal 
outcomes than EGWG mothers with normal weight 
(EGWG alone), while EGWG alone exhibited higher 
risk of neonatal outcomes than overweight/obese alone. 
Our findings indicated that maternal overweight/obesity 
tended to maternal complications and EGWG related 
to fetal complications. Of note, we found the combina-
tion of overweight/obese and EGWG had a greater risk 
for any pregnancy complication than either overweight/
obesity or EGWG alone. These findings suggested that it 
was necessary to make preconception assessments and 
counselling for overweight/obese women to obtain good 
pregnancy outcomes by losing weight before pregnancy 
and controlling weight gain throughout pregnancy.

Several limitations should be considered in our present 
study. Firstly, our study participants were Chinese Han 
pregnant women and more studies may need to general-
ize our findings to other races or nationalities. Secondly, 
we used the recorded implementation of doctors’ advices 
on lifestyle changes including diet modification, self-
monitor glucose and exercise for every GDM women, 
instead of the incomplete data like no demographic 
characteristics such as education, occupation and life-
style factors such as smoking and drinking during preg-
nancy as well as physical activity. In our previous study 
[21], we have observed that inpatients with GDM in the 
implementation group had lower frequencies of PIH, 
preeclampsia and macrosomia than those in the non-
implementation group, which indicated that there was a 
modest benefit for pregnancy outcomes to treatment for 
GDM. Therefore, in our opinion, whether 80% of doctors’ 
advices were implemented or not has already covered 
almost the majority of maternal demographic character-
istics and lifestyle factors and we also included the imple-
mentation of doctors’ advices into the multiple regression 
models. Thirdly, given the relatively small sample size in 
the underweight group, the subgroup analysis regarding 
the associations of the various GWG ranges with preg-
nancy complication were not conducted in the under-
weight group, which was also supported by the fact that 
underweight women with GDM were quite few according 
to previously reported studies [34, 35]. Fourthly, the cau-
sality of maternal ppBMI and GWG with adverse preg-
nancy outcomes could not be established as the nature of 
retrospective study, further large prospective studies may 
need to clarify our current findings.
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Conclusions
Our study revealed that maternal pre-pregnancy over-
weight/obesity and GWG were associated with adverse 
pregnancy outcomes and women with the combination 
of overweight/obesity and EGWG may confer the great-
est risk of adverse outcomes in the already high-risk set-
tings of GDM. Our study indicated that clinicians should 
urge overweight/obese women to lose weight when plan-
ning pregnancy and supervise them to control weight 
gain during pregnancy to minimize adverse obstetric out-
comes. Further prospective studies are needed to deter-
mine whether narrower GWG targets would provide 
additional safety benefits in this population.
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