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Abstract 

Background: This study aimed to explore the relationship between insulin resistance (IR) and adverse pregnancy 
outcomes in women with gestational diabetes mellitus (GDM), and to determine the risk factors for IR in women with 
GDM.

Methods: This study employed a retrospective survey of 710 women diagnosed with GDM. Serum lipids, fasting 
plasma glucose (FPG), glycosylated hemoglobin (HbA1c), and serum protein were measured in the first trimester 
(6–12 weeks), and OGTT and fasting insulin tests were performed in the second trimester (24–28 weeks). These results 
were then used to evaluate IR by homeostasis model assessment (HOMA). When HOMA-IR ≥ 2.0, IR was diagnosed. 
The relationship between HOMA-IR and adverse pregnancy outcomes was analyzed by a logistic regression model, 
and multiple stepwise regression was used to analyze the risk factors of IR.

Results: IR significantly increasd the risk of the hypertensive disorders of pregnancy and large for gestational age 
(LGA) (OR = 5.31,95%CI:1.87,15.10; OR = 1.65,95%CI:1.10, 2.48, respectively) in women with GDM, but not for cesarean 
section, premature delivery, premature rupture of membranes, postpartum hemorrhage, macrosomia and SGA. Com-
pared to normal groups, greater body mass index (BMI) before pregnancy category (overweight or obesity group) 
were associated with higher risk of IR in the second trimester, the OR (95% CI) were 4.09 (2.65, 6.30) and 6.52 (2.99, 
14.20). And higher level of FPG (OR = 1.63, 95%CI: 1.11, 2.40), TG (OR = 1.32, 95%CI: 1.08, 1.63) and weight gain before 
diagnosis of GDM (OR = 1.08, 95%CI: 1.02, 1.15) were also associated with higher risk of IR in the second trimester in 
women with GDM, while age (OR = 0.94, 95%CI: 0.90, 0.98)was the weak protective factor for IR.

Conclusion: GDM with IR in the second trimester increased adverse pregnancy outcomes, especially the risk of 
hypertensive disorders of pregnancy and LGA. In addition, FPG, HbA1c, and TG in early pregnancy, pre-pregnant BMI 
and weight gain before diagnosis of GDM were all independent risk factors for IR.
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Highlights

• Increasing IR in the second trimester increases risk 
of hypertensive disorders of pregnancy and LGA in 
women with GDM.
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• FPG, HbA1c, and TG in early pregnancy, pre-preg-
nant BMI, and weight gain before diagnosis of GDM 
are all independent risk factors for the development 
of IR in the second trimester.

Introduction
Gestational diabetes (GDM) is a common disease during 
pregnancy. According to a report from the International 
Diabetes Federation (IDF) in 2019, 12.8% of pregnant 
women suffer from it worldwide [1]. In China, the inci-
dence of GDM has reached 14.8%, with an increasing 
growth trend [2]. GDM can bring about some short-term 
and long-term disorders to women and their babies, 
which has attracted increasing attention from the entire 
society.

It is now believed that GDM is associated with insu-
lin resistance (IR) [3]. IR is a state in which normal con-
centrations of insulin that the normal concentration of 
insulin can not elicit a response of target cells, and the 
negative feedback urges the body to secrete excess insu-
lin. Previous literature show that excessive gestational 
weight gain (GWG)[4], overweight or obesity [5], per-
sonal history of GDM [6], family history of diabetes [6], 
westernized diet [7], advanced maternal age [8], intrau-
terine nutrition status [9], are high risk factors for IR. 
When insulin secretion fail to compensate for IR, GDM 
emerges. Physiological IR during pregnancy is beneficial 
to fetal growth and can effectively supply nutrients [10], 
but the degree of IR is significantly higher than that of 
normal pregnancy, which will cause many adverse effects 
on mother and fetus, such as preterm delivery, cesarean, 
macrosomia, neonatal hypoglycaemia polyhydramnios, 
hypertensive disorders of pregnancy, fetal growth restric-
tion and other serious complications [11–14].

In practice, once GDM is diagnosed, individualized 
treatment plans involving diet control, appropriate regu-
lar exercise, and insulin intervention are routinely made 
immediately by doctors for patients. However, it has 
been found that even when the recommended plans are 
well followed, the pregnancy outcomes cannot be effec-
tively improved [15]. Some researches ascribes this to 
IR [16] and the heterogeneity of IR in pregnant women 
with GDM somehow results in different outcomes [11, 
17]. Therefore, more exploration on the relationship 
between IR in the second trimester (24–28  weeks) and 
adverse pregnancy outcomes in GDM women may help 
identify women who are at high risk of these adverse out-
comes, and management can therefore be carried out in 
early pregnancy even pre-pregnancy, sometimes adding 
insulin sensitization therapy if necessary to improve the 
prognosis.

This study aimed to determine whether IR in the sec-
ond trimester is associated with certain specific adverse 
pregnancy outcomes, and to further explore the risk fac-
tors of IR in in the second trimester in Chinese GDM 
women.

Methods
Material and methods
This is a case–control study which included GDM 
women with IR (cases) and GDM women without IR 
(controls). And 710 GDM women were treated at the 
Obstetrics Clinic of the Sixth Medical Center of PLA 
General Hospital from January 1, 2018 to December 31, 
2019 (Fig. 1). All study participants gave verbal informed 
consent, this was approved by the Sixth Medical Center 
of PLA General Hospital Ethics Committee as it was a 
retrospective study and no interventions was given to 
the participants. The study was conducted adherence 
to Declaration of Helsinki. All women who were not 
diagnosed with diabetes before 24  weeks of gestation 
were given 75  g oral glucose tolerance test (OGTT) at 
24–28 weeks of gestation. GDM was diagnosed using the 
standards of the International Association of Diabetes 
and Pregnancy Study Group (IADPSG) [18]. The inclu-
sion criteria were as follows: Women with pre-gestational 
diabetes, diabetes diagnosed before 24  weeks of preg-
nancy( FPG ≥ 7.0  mmol/L, HbA1c ≥ 6.5%, and/or ran-
dom plasma glucose ≥ 11.1  mmol/L), twin or multiple 
pregnancies, chronic hypertension, and women who gave 
birth before 28 weeks were excluded from the study.

GDM prenatal care
After diagnosis, all the GDM women were referred to 
the nutrition clinic to receive guidance on GDM diet and 
exercise. After 7 days of self-adjustment to their diet and 
activities, venous blood was drawn to check the blood 
sugar before and 2 h after meals, and based on the results 
the nurse would further adjust their diet and physical 
activity plans and teach them usual blood glucose moni-
toring at home. GDM women self-monitored the blood 
sugar before and 2 h after meals by a glucometer with a 
test strip. Target ranges for glycemic control were: fasting 
plasma glucose below 5.3 mmol/L, and 2 h postprandial 
blood glucose below 6.7  mmol/L. Generally, poor gly-
cemic control was defined and insulin therapy is given, 
when blood glucose exceeds target ranges.

General information collection
The basic information of the pregnant women was col-
lected by an obstetrician, including the woman’s age, par-
ity, history of GDM, family history of diabetes, IVF-ET, 
weight before pregnancy, weight at diagnosis of GDM, 
weight at delivery, height, gestational week of delivery, 
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delivery method, outcome, newborn weight, and other 
relevant parameters. The weight before pregnancy was 
measured during the pre-pregnancy check-up. If there 
was no pre-pregnancy check-up data, it was taken at 
the first pregnancy check-up. The weight at delivery was 
collected when they were admitted to the hospital for 
delivery. The weight gain before diagnosis of GDM was 
calculated by subtracting the weight before pregnancy 
from the weight at diagnosis of GDM. The total weight 
gain during pregnancy (GWG) was calculated by sub-
tracting the weight before pregnancy from the weight at 
delivery. The newborns’ basic information was recorded 
immediately after birth. All the data and information 
related to pregnancy outcomes was extracted from elec-
tronic medical records.

Primary outcomes
The primary outcomes of this study was adverse preg-
nancy outcomes, including cesarean, premature delivery, 
premature rupture of membranes, hypertensive disor-
ders of pregnancy, postpartum hemorrhage, macrosomia, 
small for gestational age (SGA), and large for gestational 
age (LGA).

Definition
GDM: any one of the following values was met or 
exceeded in 75  g OGTT: 0  h (fasting), 5.1  mmol/L;1  h, 
10.0  mmol/L; and 2  h, 8.5  mmol/L. Preterm delivery: 
delivery between 28 and 37  weeks of gestation. Prema-
ture rupture of membranes:a spontaneous rupture of 
membranes that occurs before delivery. Hypertensive 

Fig. 1 Chart for the selection of participants
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disorders of pregnancy: hypertension during pregnancy, 
preeclampsia, and eclampsia. Postpartum hemorrhage: 
For vaginal delivery, the bleeding volume exceeded 
500 mL within 24 h after delivery of the fetus; for cesar-
ean section the bleeding volume exceeded 1,000  ml. 
Small for gestational age infant (SGA) and large for 
gestational age infant (LGA):the newborns whose birth 
weights were below the  10th percentile and above the  90th 
percentile of the average weight of the same gestational 
age, with the 2015 Chinese neonatal birth weight curve 
for different gestational ages used as reference [19]. Mac-
rosomia: the birth weight of the newborn ≥ 4,000 g. Pre-
pregnancy BMI category: underweight (< 18.5  kg/m2), 
normal (18.5–23.9 kg/m2), overweight (24.0–27.9 kg/m2) 
and obesity (≥ 28.0 kg/m2) ( according to the “Guidelines 
for prevention and control of overweight and obesity in 
China”) [20]. Excessive GWG : underweight ≥ 17.1  kg, 
normal ≥ 16.4 kg, overweight/ obesity ≥ 14.9 kg [21].

Laboratory methods
Peripheral venous blood was drawn during the first tri-
mester (6–12 weeks of pregnancy) and the second trimes-
ter (24–28 weeks of pregnancy), after the GDM women 
had fasted for 8–12 h over night. The blood sample was 
centrifuged at 3,000 rpm for 10 min to obtain serum for 
analysis. In the first trimester, all samples were tested for 
fasting plasma glucose (FPG), HbA1c, total cholesterol 
(TC), TG, total protein (TP), and albumin (ALB) levels. 
All samples from 24–28  weeks of gestation were tested 
for serum fasting insulin, fasting plasma glucose, and 
plasma glucose level both 1 h and 2 h after orally taking 
glucose. Fasting insulin was tested via electrochemilu-
minescence immunoassay (ROCHE COBASE 601), the 
analytical sensitivity was 0.2μU/mL, the coefficient of 
variation was 1.5%. HbA1c was tested by HPLC (Premier 
Hb9210), the analytical sensitivity was 3.8%, the coef-
ficient of variation was < 1.5%. Blood glucose was tested 
by the hexokinase method (When the concentration of 
the reagent is about 8.0 mmol/L, the absorbance range is 
0.30–0.45, the coefficient of variation was ≤ 3%), TC was 
tested by the peroxidase method (When the concentra-
tion of the reagent is about 4.9 mmol/L, the absorbance 
range is 0.16–0.31, the coefficient of variation was ≤ 3%), 
TG was tested by the coupling-POD enzyme colorimet-
ric method (When the concentration of the reagent is 
about 1.85 mmol/L, the absorbance range is 0.097–0.200, 
the coefficient of variation was ≤ 5%), TP by the biuret 
method (When the concentration of the reagent is about 
70 g/L, the absorbance range is 0.35–0.60, the coefficient 
of variation was ≤ 3%), and ALB by bromomethylolate 
green (When the concentration of the reagent is about 
42 g/L, the absorbance range is 0.50–0.75, the coefficient 

of variation was ≤ 2%). All the tests were performed in an 
automatic biochemical analyzer (BECKMAN AU5821).

The homeostasis model assessment (HOMA) was 
used to evaluate IR and β-cell function in GDM. 
HOMA-IR = fasting plasma insulin concentration 
(μU/mL) × fasting plasma glucose (mmol/L) / 22.5. 
HOMA-β = 20 × fasting plasma insulin concentra-
tion (μU/mL) / (fasting plasma glucose [mmol/L]-3.5). 
According to the HOMA value, the cut-off value was set 
at 2.0, and then the patients were divided into the non-IR 
GDM group (HOMA < 2) and IR GDM group (HOMA-
IR ≥ 2) [22].

Statistical analysis
SPSS 23.0 was used for statistical analysis. All variables 
were fully observed for all participants. The counting 
data were expressed as frequency and rate (%), and Chi-
square test was adopted. The Shapiro–Wilk test was used 
to determine the data normality. For continuous variable 
data in a normal distribution, the mean and standard 
deviation were chosen for description, and the t-test for 
comparison between groups. For the continuous vari-
able data in a skewed distribution, the median and quar-
tile were chosen, and the Mann–Whitney U test was 
used for comparison between groups. The multivariable 
logistic regression model was performed to measure the 
potential risk factors of IR by calculating the odds ratio 
(OR) and 95% confidence interval (CI). The univariable 
and multivariable logistic regression models were used 
to analyze the relationship between IR and adverse preg-
nancy outcomes.

Results
General characteristics of the mothers and newborns 
among the compared groups
Seven hundred ten GDM women were included, 
aging from 23 to 51  years old with an average age of 
33.00 ± 4.18  years old. All of them made regular medi-
cal visits to the Obstetrics Clinic of the Sixth Medical 
Center of PLA General Hospital. Their gestational week 
of delivery ranged from 32 to 42 weeks, with an average 
of 38.13 ± 1.49 weeks.

Table  1 shows the clinical characteristics of GDM 
women and their newborns, and there were no difference 
in the age, parity, history of GDM, family history of dia-
betes, IVF-ET, GWG and weight gain before diagnosis of 
GDM between the two groups. Stratified by pre-pregnant 
BMI, weight distribution ( underweight, normal, over-
weight and obesity) was significantly different in the two 
groups (p < 0.001). Women in the IR GDM group had 
worse glycemic control (P = 0.04), and were more likely to 
be given insulin therapy. 698 women controlled the blood 
sugar by diet and exercise, however, only 12 women 
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received insulin therapy based on diet and exercise, and 
all of them were from the IR GDM group. For metabolic 
parameters, the FPG (P < 0.001), HbA1c (P < 0.001), TC 
(P = 0.003), and TG (P < 0.001) of IR GDM women dur-
ing early pregnancy were significantly higher than the 
non-IR GDM group. However, TP and ALB were similar 

between the two groups (P = 0.061, P = 0.835). Pancreatic 
β-cell function in the IR GDM group was significantly 
enhanced (P < 0.001). Although the GWG and weight 
gain before diagnosis of GDM were no statistically sig-
nificant differences between the two groups, as for exces-
sive GWG, IR GDM group increased significantly than 

Table 1 General characteristics comparison

a  Non-IR GDM group (n 404), IR GDM group (n 276), with 30 cases of preterm birth excluded; IVF-ET In vitro fertilisation-embryo transfer; Test Statistic: P-values were 
estimated from the resulting t-values for normally distributed data, and were estimated from the resulting U-values for non-normally distributed data, and were 
estimated from the resulting χ2-values for counting data

Non-IR GDM IR GDM Test Statistic P

Number 418 292

Age (years) 33.20 ± 4.127 32.72 ± 4.255 1.495 0.135

Parity 1.014 0.314

 Primiparity 239(57.3%) 178(42.7%)

 Multiparity 179(61.1%) 114(38.9%)

Glycemic control 6.441 0.040

 Good 412(59.5%) 280(40.5%)

 Poor 6(33.3%) 12(66.7%)

IVF-ET 0.268 0.604

 Yes 48(61.5%) 30(38.5%)

 No 370(58.5%) 262(41.5%)

History of GDM 0.669 0.413

 Yes 10(50%) 10(50%)

 No 408(59.1%) 282(40.9%)

Family history of diabetes 2.190 0.139

 Yes 98(54.1%) 83(45.9%)

 No 320(60.5%) 209(39.5)

Pre-pregnant BMI category 97.157  < 0.001

 Underweight (less than18.5) 51(89.5%) 6(10.5%)

 Normal (18.5 to 23.9) 307(66.6%) 154(33.4%)

 Overweight (24.0 to 27.9) 50(35.2%) 92(64.8%)

 Obesity (28 or more) 10(20%) 40(80%)

FPG (mmol/L) 4.70 ± 0.44 4.85 ± 0.49 -4.145  < 0.001

HbA1c (%) 5.26 ± 0.28 5.38 ± 0.30 -5.684  < 0.001

HOMA-β 85.64(68.94,110.67) 141.36(114.13,182.18) 18,787.000  < 0.001

Serum Lipid
TC (mmol/L) 4.35 ± 0.83 4.55 ± 0.93 -2.985 0.003

TG (mmol/L) 1.23 ± 0.92 1.59 ± 1.46 -3.792  < 0.001

Serum protein
TP (mmol/L) 73.0 ± 4.13 73.57 ± 3.90 -1.873 0.061

ALB (mmol/L) 42.53 ± 3.15 42.48 ± 2.83 0.209 0.835

Weight gain before diagnosis of GDM 
(kg)

5.24 ± 3.00 5.36 ± 3.27 -0.506 0.613

GWG (kg) 10.65 ± 4.57 10.96 ± 5.40 -0.893 0.402

Excessive GWG 32.949  < 0.001

 Yes 41(35%) 76(65%)

 No 377(63.6%) 216(36.4%)
aGWG (kg) 10.77 ± 4.53 10.96 ± 5.34 -0.47 0.638
aBirth weight (g) 3343.60 ± 390.24 3423.77 ± 434.55 -2.461 0.014
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the non-IR GDM group (P < 0.001). In addition, with 30 
premature birth cases excluded, there was also no signifi-
cant difference in GWG (P = 0.638), but there was a sta-
tistically significant difference in the birth weight of the 
newborns between the two groups (P = 0.014).

Risk factors of IR
Meanwhile, the risk factors for IR were explored. Mul-
tiple stepwise regression analyses were performed with 
independent variables including age, pre-pregnancy 
BMI, FPG, HbA1c, TP, ALB, TC, TG, parity, history 
of GDM, family history of diabetes, IVF-ET, weight 
gain before diagnosis of GDM. It can be seen from the 
data in Table 2, the statistically significant factors of IR 
were pre-pregnancy BMI (P < 0.001), FPG (OR = 1.63, 
95%CI 1.11, 2.40), TG (OR = 1.32, 95%CI 1.08, 1.63) 
and weight gain before diagnosis of GDM (OR = 1.08, 

95%CI 1.02, 1.15). According to BMI stratification anal-
yses, the risks of GDM with IR rose with the greater 
of pre-pregnancy BMI category: the ORs (95%CI) of 
underweight, overweight and obesity were 0.20(0.08, 
0.50), 4.09 (2.65, 6.30), and 6.52 (2.99, 14.20) when 
compared with the normal group. However, age was 
the weak protective factor for GDM with IR (OR 0.94, 
95%CI 0.90, 0.98).

The relationship between IR and adverse pregnancy 
outcomes
IR significantly increased the risk of the hyper-
tensive disorders of pregnancy and LGA 
(OR = 5.31,95%CI:1.87,15.10; OR = 1.65,95%CI:1.10, 
2.48, respectively) in women with GDM, but not for 
cesarean, premature delivery, premature rupture of 
membranes, postpartum hemorrhage, macrosomia and 
SGA. In addition, multiparity (OR = 1.89,95%CI:1.24–
2.86) and increasing GWG (OR = 1.06,95%CI: 1.01–
1.12) also significantly increased the risk of LGA in 
women with GDM (Table 3).

The relationship between glycemic control/excessive GWG 
and adverse pregnancy outcomes
By univariable logistic regression analysis, poor glyce-
mic control (OR = 1.26, 95%CI:0.92,1.72) significantly 
increased the risk of cesarean, compared to good glyce-
mic control (Table  4). And excessive GWG significantly 
increased the risk of hypertensive disorders of pregnancy 
(OR = 3.44, 95%CI:1.62,7.29), macrosomia (OR = 3.85, 
95%CI:2.00,7.39) and LGA (OR = 2.58,95%CI:1.70,3.92) 
(Table 5). However, after controlling for confounding fac-
tors, no association between glycemic control/excessive 
GWG and adverse pregnancy outcomes was revealed 
(P > 0.05) (Tables 4 and 5).

Table 2 Multiple stepwise regression analysis between HOMA-IR 
and various indicators

Variables including age, pre-pregnancy BMI category, FPG, HbA1c, TP, ALB, TC, 
TG, parity, history of GDM, family history of diabetes, IVF-ET, Weight gain before 
diagnosis of GDM

The reported ORs are unadjusted for the other variables which remained in the 
model

Variable OR(95%CI) P

Age (years) 0.94(0.90, 0.98) 0.003

Pre-pregnant BMI category  < 0.001

 Underweight (less than18.5) 0.20(0.08, 0.50) 0.001

 Normal (18.5 to 23.9) 1.00

 Overweight (24.0 to 27.9) 4.09 (2.65, 6.30)  < 0.001

 Obesity (28 or more) 6.52 (2.99, 14.20)  < 0.001

 TG (mmol/L) 1.32 (1.08, 1.63) 0.008

 FPG (mmol/L) 1.63 (1.11, 2.40) 0.013

 HbA1c (%) 3.11 (1.68, 5.73)  < 0.001

 Weight gain before diagnosis of 
GDM (kg)

1.08 (1.02,1.15) 0.007

Table 3 Influence of HOMA-IR on pregnancy outcome of GDM pregnant women

Confounding factors:age, parity, IVF-ET, pre-pregnancy BMI category, FPG, HbA1c, TC, TG, TP, ALB, excessive GWG, GWG, glycemic control

Univariable logistic regression Multivariable logistic regression

OR(95%CI) P OR(95%CI) P

Cesarean section 1.26 (0.92,1.72) 0.143 1.13 (0.78, 1.65) 0.517

Premature delivery 1.80 (0.85, 3.81) 0.123 1.94 (0.80, 4.74) 0.146

Premature rupture of membranes 1.32 (0.93, 1.86) 0.120 1.03 (0.69, 1.53) 0.897

Postpartum hemorrhage 1.12 (0.72, 1.74) 0.607 1.03 (0.62, 1.72) 0.905

Hypertensive disorders of pregnancy 8.40 (3.19, 22.07)  < 0.001 5.31 (1.87, 15.10) 0.002

Macrosomia 1.62 (0.87, 3.03) 0.130 0.97 (0.46, 2.07) 0.940

LGA 2.04 (1.44, 2.89)  < 0.001 1.65 (1.10, 2.48) 0.016

SGA 1.56 (0.74, 3.29) 0.24 1.41 (0.55, 3.61) 0.477
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Discussion
IR harms the prognosis of GDM women
From the results of this retrospective study, IR was found 
to be harmful to the GDM’s prognosis, with an increase 
in adverse outcomes. When the confounding factors 
were excluded, the incidences of hypertensive disorders 
of pregnancy and LGA were significantly higher.

GDM with IR and hypertensive disorders of pregnancy
In our study, compared with the GDM women with-
out IR, the risk of hypertensive disorders of pregnancy 
increased up to 5 times in GDM women with IR. An Ira-
nian study [23] had similar findings: insulin resistance, 
closely related to preeclampsia, served as a risk factor in 
the process. Indeed, before clinical symptoms occur, the 
fasting insulin level increases accordingly as the disease 
progresses. Based on this, identifying GDM women with 
IR could be considered as a starting point for the clini-
cal prevention of hypertensive disorders of pregnancy. 
However, the specific mechanism is still unclear. In the 
mainstream opinion, physiological IR provides more glu-
cose to the fetus to better nourish its development, but 

overactivation of IR in pregnancy leads to decreased 
carbon monoxide (NO), discorded lipid metabolism, 
low prostaglandin E2 synthesis, and damaged vascular 
endothelial cells, eventually resulting in maternal high 
blood pressure [24, 25].

GDM with IR and LGA
GDM with IR may also cause fetal overgrowth. In our 
study, babies born to GDM women with IR had a signifi-
cant increase in average birth weight compared with the 
babies of GDM women without IR. With the confound-
ing factors (age, BMI, TG, FPG, HbA1c, etc.) adjusted, 
IR was found to be an independent risk factor of LGA, 
doubling the risk. This discovery is similar to that of 
Tressa Ellett’s research [26], in which IR was positively 
correlated to the birth weights of newborns. The mecha-
nism of this phenomenon has been partially explained. 
In Pedersen’s [27] hypothesis, maternal hyperglycemia 
passing through the placental barrier stimulates the fetus 
to secrete more insulin which promotes fat and protein 
accumulation, leading to excessive fetal growth. As a 
result, high-level maternal insulin, which though cannot 

Table 4 Influence of glycaemic control on pregnancy outcome of GDM pregnant women

Confounding factors:age, parity, IVF-ET, pre-pregnancy BMI category, FPG, HbA1c, TC, TG, TP, ALB, excessive GWG, GWG, HOMA-IR

Univariable logistic regression Multivariable logistic regression

OR(95%CI) P OR(95%CI) P

Cesarean section 2.97 (1.14, 7.77) 0.026 2.15 (0.71, 6.52) 0.178

Premature delivery 3.07 (0.67, 14.03) 0.148 4.26 (0.84, 21.75) 0.081

Premature rupture of membranes 1.22 (0.43, 3.48) 0.708 1.43 (0.47, 4.32) 0.529

Postpartum hemorrhage 1.91 (0.61, 5.92) 0.265 1.41 (0.41, 4.89) 0.589

Hypertensive disorders of pregnancy 1.25 (0.16, 9.70) 0.831 0.77 (0.85, 6.99) 0.818

Macrosomia 2.03 (0.45, 9.16) 0.355 1.07 (0.19, 5.93) 0.935

LGA 1.25 (0.44, 3.55) 0.680 0.69 (0.21, 2.24) 0.538

SGA 0.00 (0.00, /) 0.998 0.00 (0.00, /) 0.998

Table 5 Influence of excessive GWG on pregnancy outcome of GDM pregnant women

Confounding factors:age, parity, IVF-ET, pre-pregnancy BMI category, FPG, HbA1c, TC, TG, TP, ALB, GWG, HOMA-IR, glycemic control

Univariable logistic regression Multivariable logistic regression

OR(95%CI) P OR(95%CI) P

Cesarean section 1.35 (0.90, 2.02) 0.147 0.80 (0.43, 1.47) 0.472

Premature delivery 0.84 (0.28, 2.45) 0.743 1.72 (0.40, 7.43) 0.471

Premature rupture of membranes 1.28 (0.82, 2.01) 0.272 1.16 (0.61, 2.22) 0.645

Postpartum hemorrhage 1.44 (0.84, 2.47) 0.187 0.97 (0.44, 2.17) 0.943

Hypertensive disorders of pregnancy 3.44 (1.62, 7.29) 0.001 1.04 (0.31, 3.55) 0.945

Macrosomia 3.85 (2.00, 7.39)  < 0.001 2.08 (0.72, 6.03) 0.178

LGA 2.58 (1.70, 3.92)  < 0.001 1.35 (0.72, 2.54) 0.351

SGA 1.10 (0.41, 2.96) 0.85 1.20 (0.25, 5.69) 0.82
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go through the placenta, causes changes in the placenta’s 
metabolism, gene expression and epigenetic modifica-
tions [28], eventually disturbing fetal growth.

Glycaemic control/excessive GWG and adverse pregnancy 
outcomes
Our findings were inconsistent with the results of previ-
ous studies [29, 30]. In our study, poor glycemic control 
and excessive GWG increased the risk of hypertensive 
disorders of pregnancy, macrosomia, LGA and cesarean 
by univariable logistic regression analysis, but not by 
multivariable logistic regression analysis. Analysing the 
reasons of the abovementioned result, it was possible to 
consider that the sample size in certain subgroups was 
relatively small, so it leaded to a larger span of 95% CI. In 
addition, the inconsistent diagnosis criteria was another 
possible reason, that we employed criteria of pre-preg-
nancy BMI category [20] and excessive GWG [21] which 
were more suitable for Chinese people.

IR’s risk factors
Previous research has mainly focused on the risk factors 
of IR or GDM, but few referred to the case of GDM with 
IR, which we analyzed in our study. Based on our data, 
TG, HbA1c, and FPG in early pregnancy, pre-pregnant 
BMI, weight gain before diagnosis of GDM were consid-
ered to be the risk factors of GDM with IR. Our results 
are similar to the results of Sun’s study [11], in which BMI 
and TG were related to GDM with IR in the second tri-
mester, but FPG and HbA1c were not. The differences in 
the results possibly derive from the fact that our FPG and 
HbA1c were tested in early pregnancy, while Sun’s results 
were obtained from the second trimester. Meanwhile, it 
is worth noting that FPG and HbA1c, although within 
normal range, were higher in GDM women with IR than 
that in those without IR, which indicates that more ben-
efit will occur if blood sugar control is performed early. 
However, considering the dangers of hypoglycemia, more 
research needs to be done to determine the appropriate 
control range.

In addition, we found that weight gain before diagno-
sis of GDM was another risk factor of GDM with IR in 
the second trimester, which was consistent with litera-
ture reports. A retrospective study was conducted among 
2,647 women with GDM which showed a significantly 
increased risk of IR for women with more weight gain 
before diagnosis of GDM [11]. Thus, in future clinical 
work, we should enhance weight management initiating 
from the first trimester for high-risk women to improve 
insulin resistance.

Furthermore, in our research, age was a weak pro-
tective factor for IR. However, Sun reached the oppo-
site conclusion [11]. We consider that this difference 

in results comes from the fact that participants from 
Sun’ study were divided into four groups according to 
the severity of insulin resistance, defined by quartiles of 
HOMA-IR (1.540, 2.269, and 3.238), however, divided 
into two groups by HOMA-IR (2.0) for us. Therefore, 
uniform grouping criteria and expanding the study popu-
lation are needed to confirm the results.

Management of GDM with IR
In this study, it was found that the HOMA-β value is 
increased in GDM women with IR. which is consid-
ered that IR promotes pancreatic β-cells to produce and 
secrete more insulin. This compensatory hyperinsuline-
mic response of β-cells can initially control blood glucose 
within the normal range; however, long-term exposure to 
excessive glucose and lipids will eventually lead to β-cell 
dysfunction and / or cell death, leading to overt diabe-
tes. The protection of pancreatic β-cell function is closely 
related to the reduction of endogenous insulin demand 
[31]. Therefore, women with insulin resistance to GDM 
are likely to benefit from insulin sensitization therapy, 
providing a new approach for the individualized treat-
ment of GDM. This view is similar to that of a study in 
Poland, in which Sokup [32] suggested that GDM women 
with HOMA > 1.29 should be treated with improved 
tissue sensitivity to insulin, while GDM women with 
HOMA > 2.89 should be treated with metformin com-
bined with insulin.

It is worth noting that the current clinical management 
goal of GDM is blood glucose. In fact, a high blood glu-
cose level can only explain a small part of the variation 
in birth weight [33]. In this study, although the most of 
women with GDM had a normal blood glucose range, 
women with GDM with insulin resistance had a higher 
risk of LGA. Our conclusion is consist with Li’s study 
[34]. Therefore, insulin resistance should also be an 
important indicator in pregnancy monitoring, especially 
for GDM women within the normal range of blood glu-
cose and with high risk factors.

In particular, in this study, only 1.7% of the GDM 
women were treated with insulin therapy to control blood 
glucose, which is quite different from in other countries. 
In Australia, this proportion can reach to 36.8% [35]. This 
difference is considered to result from the lack of consen-
sus and consistency in the screening and diagnostic crite-
ria for gestational diabetes in various countries. In China, 
the diagnosis of GDM is up to the more rigid IADPSG 
standard, in which the cut-off value is lower than in other 
guidelines. The IADPSG criteria increase the prevalence 
of GDM [36]. However, alternative standards are still 
used in some centers and countries including Australia 
[37]. This has led to the expansion of the GDM popula-
tion in China, while the proportion of women who really 
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need insulin treatment has decreased. Therefore, it is 
worth exploring whether the IADPSG standard is appli-
cable to the Asian population. We further suggest an 
appropriate stratification of the management of GDM 
women based on HOMA-IR to reduce the loss of medi-
cal resources. In addition, there are still 18 women in this 
study with poor glycemic control, due to various reasons 
(because of the retrospective study, the exact reason can-
not be obtained), did not use insulin therapy, which was 
also one of the reasons for the low rate of insulin use in 
this study.

Limitations
First, this study was a retrospective study, in which bias 
was inevitably introduced in the participant selection. 
Second, our research subjects were GDM pregnant 
women, so the results would not be applicable to non-
GDM women. Third, our model did not include other 
risk factors that affect IR, including diet, physical activ-
ity, smoking and drinking. In addition, HOMA-IR before 
childbirth was not tested, so it was not clear whether the 
women’s IR was improved by lifestyle and diet manage-
ment. In the end, more research is needed to dynamically 
observe the changes in IR before pregnancy, during preg-
nancy, and after delivery, and to clarify the influencing 
factors of IR and the relationship between IR and GDM.

Conclusion
In summary, our research shows that IR in the second 
trimester is associated with adverse pregnancy outcomes 
such as hypertensive disorders of pregnancy and LGA. 
Moreover, TG, FPG, and HbA1c in the first trimester, 
pre-pregnancy BMI and weight gain before diagnosis of 
GDM are independent risk factors for IR in the second 
trimester.

Abbreviations
IR: Insulin resistance; GDM: Gestational diabetes mellitus; FPG: Fasting plasma 
glucose; HbA1c: Glycosylated hemoglobin; TC: Serum total cholesterol; TG: 
Serum total triglyceride; TP: Serum total protein; ALB: Serum albumin; BMI: 
Body mass index; SGA: Small for gestational age infant; LGA: Large for gesta-
tional age infant; HOMA-IR: Homoeostasis model assessment of IR; HOMA-β: 
Homoeostasis model assessment of β-cell function; GWG : Total weight gain 
during pregnancy; OGTT : 75G oral glucose tolerance test; IVF-ET: In vitro 
fertilization -embryo transfer.

Acknowledgements
We appreciate all the investigators efforts in data collection.

Financial Disclosure
The authors have no financial relationships relevant to this article to disclose.

Authors’ contributions
LJ: Data curation, Methodology, Writing—original draft. JH: collected data and 
contributed to data cleaning and analysis. CL: Conceptualization, Funding 
acquisition, Project administration, Writing—review & editing.

Funding
This work was supported by Capital’s Funds for Health Improvement and 
Research, (CFH) in People’s Republic of China (020–1-5112).

Availability of data and materials
The dataset used in the present study is available from the corresponding 
author upon reasonable request.

Declarations

Ethics approval and consent to participate
Institutional Review Board Project # No. HZKY-PJ-2020–42 was approved on 12 
May 2020 by the Sixth Medical Center of PLA General Hospital Ethics Commit-
tee. All study participants gave verbal informed consent, this was approved by 
the Sixth Medical Center of PLA General Hospital Ethics Committee as it was 
a retrospective study and no interventions was given to the participants. This 
manuscript reported adherence to Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare they have no competing interests.

Author details
1 The Second School of Clinical Medicine, Southern Medical University, Guang-
zhou 510515, China. 2 Department of Obstetrics and Gynecology, The Sixth 
Medical Center of PLA General Hospital, Beijing, China. 3 Naval Clinical College, 
Anhui Medical University, Anhui, China. 

Received: 12 February 2021   Accepted: 2 July 2021

References
 1. Yuen L, et al. Projections of the prevalence of hyperglycaemia in preg-

nancy in 2019 and beyond: results from the international diabetes federa-
tion diabetes atlas, 9th edition. Diabetes Res Clin Pract. 2019;157:107841.

 2. Gao C, et al. Prevalence of gestational diabetes mellitus in mainland 
China: a systematic review and meta-analysis. J Diabetes Investig. 
2019;10(1):154–62.

 3. Catalano PM. Trying to understand gestational diabetes. Diabet Med. 
2014;31(3):273–81.

 4. Durnwald C. Gestational diabetes: Linking epidemiology, excessive ges-
tational weight gain, adverse pregnancy outcomes, and future metabolic 
syndrome. Semin Perinatol. 2015;39(4):254–8.

 5. Tarasenko KV, et al. Pathogenesis of insulin resistance in pregnant women 
with obesity. Wiad Lek. 2018;71(4):801–6.

 6. Levy A, et al. Family history of diabetes mellitus as an independent risk 
factor for macrosomia and cesarean delivery. J Matern Fetal Neonatal 
Med. 2010;23(2):148–52.

 7. Di Marzo V, Silvestri C. Lifestyle and metabolic syndrome: contribution of 
the endocannabinoidome. Nutrients. 2019;11(8):1956. https:// doi. org/ 10. 
3390/ nu110 81956.

 8. Bellamy L, et al. Type 2 diabetes mellitus after gestational diabetes: a 
systematic review and meta-analysis. Lancet. 2009;373(9677):1773–9.

 9. Pitchika A, et al. Associations of maternal type 1 diabetes with childhood 
adiposity and metabolic health in the offspring: a prospective cohort 
study. Diabetologia. 2018;61(11):2319–32.

 10. Catalano PM, et al. Carbohydrate metabolism during pregnancy in 
control subjects and women with gestational diabetes. Am J Physiol. 
1993;264(1 Pt 1):E60–7.

 11. Sun YY, et al. Increasing insulin resistance predicts adverse pregnancy 
outcomes in women with gestational diabetes mellitus. J Diabetes. 
2020;12(6):438–46.

 12. Benhalima K, et al. Characteristics and pregnancy outcomes across gesta-
tional diabetes mellitus subtypes based on insulin resistance. Diabetolo-
gia. 2019;62(11):2118–28.

https://doi.org/10.3390/nu11081956
https://doi.org/10.3390/nu11081956


Page 10 of 10Lin et al. BMC Pregnancy Childbirth          (2021) 21:526 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 13. Mastrogiannis DS, et al. Insulin resistance: the possible link between 
gestational diabetes mellitus and hypertensive disorders of pregnancy. 
Curr Diab Rep. 2009;9(4):296–302.

 14. Longo S, et al. Short-term and long-term sequelae in intrauterine growth 
retardation (IUGR). J Matern Fetal Neonatal Med. 2013;26(3):222–5.

 15. Griffith RJ, et al. Interventions to prevent women from developing 
gestational diabetes mellitus: an overview of cochrane reviews. Cochrane 
Database Syst Rev. 2020;6(6):Cd012394.

 16. Ernst S, et al. Mechanisms in the adaptation of maternal β-cells during 
pregnancy. Diabetes Manag (Lond). 2011;1(2):239–48.

 17. Naseh A, et al. Associations between anthropometric characteristics and 
insulin markers in mothers and their neonates and with neonate`s birth 
weight: An observational cohort study. Turk J Pediatr. 2017;59(6):625–35.

 18. Chiefari E, et al. Gestational diabetes mellitus: an updated overview. J 
Endocrinol Invest. 2017;40(9):899–909.

 19. Zhu L, et al. Chinese neonatal birth weight curve for different gestational 
age. Zhonghua Er Ke Za Zhi. 2015;53(2):97–103.

 20. Chen C, Lu FC. The guidelines for prevention and control of overweight 
and obesity in Chinese adults. Biomed Environ Sci. 2004;17 Suppl:1–36.

 21. Zhang CX, et al. Optimal gestational weight gain in Chinese pregnant 
women by Chinese-specific body mass index categories: a multicenter 
prospective cohort study. Public Health Nutr. 2021:1–11. https:// doi. org/ 
10. 1017/ S1368 98002 10016 22.

 22. Lee CH, et al. Optimal Cut-Offs of Homeostasis Model Assessment 
of Insulin Resistance (HOMA-IR) to Identify dysglycemia and type 2 
diabetes mellitus: a 15-year prospective study in Chinese. PLoS One. 
2016;11(9):e0163424.

 23. Abhari FR, et al. Estimating rate of insulin resistance in patients with 
preeclampsia using HOMA-IR index and comparison with nonpreeclamp-
sia pregnant women. Biomed Res Int. 2014;2014:140851.

 24. Villalobos-Labra R, et al. Akt/mTOR role in human foetoplacental 
vascular insulin resistance in diseases of pregnancy. J Diabetes Res. 
2017;2017:5947859.

 25. Harskamp RE, Zeeman GG. Preeclampsia: at risk for remote cardiovascular 
disease. Am J Med Sci. 2007;334(4):291–5.

 26. Ellett T, et al. Pregnancy outcomes among women with class III obesity 
with normal early glucola. J Matern Fetal Neonatal Med. 2021:1–
6. https:// doi. org/ 10. 1080/ 14767 058. 2021. 18957 41.

 27. Kc K, Shakya S, Zhang H. Gestational diabetes mellitus and macrosomia: a 
literature review. Ann Nutr Metab. 2015;66 Suppl 2:14–20.

 28. Yan J, et al. Epigenetic alteration of Rho guanine nucleotide exchange 
factor 11 (ARHGEF11) in cord blood samples in macrosomia exposed 
to intrauterine hyperglycemia. J Matern Fetal Neonatal Med. 
2021;34(3):422–31.

 29. McDowell M, Cain MA, Brumley J. Excessive gestational weight gain. J 
Midwifery Womens Health. 2019;64(1):46–54.

 30. Sunjaya AP, Sunjaya AF. Diabetes in pregnancy and infant mortality: link 
with glycemic control. Diabetes Metab Syndr. 2018;12(6):1031–7.

 31. Hudish LI, Reusch JE, Sussel L. β Cell dysfunction during progres-
sion of metabolic syndrome to type 2 diabetes. J Clin Invest. 
2019;129(10):4001–8.

 32. Sokup A, et al. Insulin resistance as estimated by the homeostatic 
method at diagnosis of gestational diabetes: estimation of disease 
severity and therapeutic needs in a population-based study. BMC Endocr 
Disord. 2013;13:21.

 33. Yang X, et al. The effect of glucose levels on fetal birth weight: a 
study of Chinese gravidas in Tianjin China. J Diabetes Complications. 
2004;18(1):37–41.

 34. Li J, et al. Roles of insulin resistance and beta cell dysfunction in macroso-
mia among Chinese women with gestational diabetes mellitus. Prim Care 
Diabetes. 2018;12(6):565–73. https:// doi. org/ 10. 1016/j. pcd. 2018. 07. 010.

 35. Barnes R, et al. Excessive weight gain before and during gestational 
diabetes mellitus management: what is the impact? Diabetes Care. 
2020;43(1):74–81. https:// doi. org/ 10. 2337/ dc19- 0800

 36. Saeedi M, et al. Increasing prevalence of gestational diabetes mellitus 
when implementing the IADPSG criteria: a systematic review and meta-
analysis. Diabetes Res Clin Pract. 2021;172:108642. https:// doi. org/ 10. 
1016/j. diabr es. 2020. 108642

 37. Plows JF, et al. The pathophysiology of gestational diabetes mellitus. Int J 
Mol Sci. 2018;19(11):3342. https:// doi. org/ 10. 3390/ ijms1 91133 42.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1017/S1368980021001622
https://doi.org/10.1017/S1368980021001622
https://doi.org/10.1080/14767058.2021.1895741
https://doi.org/10.1016/j.pcd.2018.07.010
https://doi.org/10.2337/dc19-0800
https://doi.org/10.1016/j.diabres.2020.108642
https://doi.org/10.1016/j.diabres.2020.108642
https://doi.org/10.3390/ijms19113342

	Associations between insulin resistance and adverse pregnancy outcomes in women with gestational diabetes mellitus: a retrospective study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Highlights
	Introduction
	Methods
	Material and methods
	GDM prenatal care
	General information collection
	Primary outcomes
	Definition
	Laboratory methods
	Statistical analysis

	Results
	General characteristics of the mothers and newborns among the compared groups
	Risk factors of IR
	The relationship between IR and adverse pregnancy outcomes
	The relationship between glycemic controlexcessive GWG and adverse pregnancy outcomes

	Discussion
	IR harms the prognosis of GDM women
	GDM with IR and hypertensive disorders of pregnancy
	GDM with IR and LGA
	Glycaemic controlexcessive GWG and adverse pregnancy outcomes

	IR’s risk factors
	Management of GDM with IR
	Limitations

	Conclusion
	Acknowledgements
	References


