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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 �rst 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 HOMA-IR.

Results: GDM with IR was signi�cantly associated with the hypertensive disorders of pregnancy and large
for gestational age (LGA) (P=0.002, 0.012, respectively). Body mass index (BMI) before pregnancy, FPG,
HbA1c, and total triglyceride (TG) in early pregnancy were all signi�cantly positively correlated with IR in
the second trimester (P<0.05), while age was signi�cantly negatively correlated with IR (P<0.001).

Conclusion: GDM combined with IR in the second trimester increases adverse pregnancy outcomes,
especially the risk of hypertensive disorders of pregnancy and LGA. In addition, BMI before pregnancy,
FPG, HbA1c, and TG in early pregnancy are all independent risk factors for IR.

Highlights
Increasing IR in the second trimester predicts an increased risk of hypertensive disorders of
pregnancy and LGA in women with GDM.

BMI before pregnancy, FPG, HbA1c, and TG in early pregnancy 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 2017, 14% of pregnant women suffer from it worldwide (1). In
China, the incidence of GDM has reached 17.5%, 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. In practice, once GDM is diagnosed, individualized treatment
plans involving diet control, appropriate regular 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 effectively improved (3). Some researches ascribes
this to insulin resistance IR (4) and the heterogeneity of IR in pregnant women with GDM somehow
results in different outcomes (5, 6). Therefore, more exploration on the relationship between IR in the
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second trimester (24-28 weeks) and adverse pregnancy outcomes in GDM women may help identify
women who are at high risk of these adverse outcomes, 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 second trimester is associated with certain speci�c
adverse pregnancy outcomes, and to further navigate the risk factors that can predict IR in in the second
trimester in Chinese GDM women.

Methods
Material and Methods

A retrospective analysis was made. It was based on 710 GDM women who were treated at the Obstetrics
Clinic of the Sixth Medical Center of PLA General Hospital from January 1, 2018 to December 31, 2019.
The inclusion criteria were as follows: GDM was diagnosed by a 75g oral glucose tolerance test (OGTT)
between 24-28 weeks of pregnancy. GDM was diagnosed using the standards of the International
Association of Diabetes and Pregnancy Study Group (IADPSG) (7). Women with pre-gestational diabetes,
diabetes diagnosed before 24 weeks of pregnancy, multiple pregnancies, chronic hypertension, and
women who gave birth before 28 weeks were excluded from the study. 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 hours after meals, and based on the results the nurse would further adjust their diet and physical
activity plans and teach them blood glucose monitoring at home. Generally, insulin is recommended for
regulation when fasting plasma glucose is higher than 5.3 mmol/L, and 2 hours postprandial blood
glucose is higher than 6.7mmol/L.

The basic information of the pregnant women was collected by an obstetrician, including the woman's
age, weight before pregnancy, weight at delivery, height, gestational week of delivery, 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 �rst
pregnancy check-up. The weight at delivery was collected when they were admitted to the hospital for
delivery. The total weight gain during pregnancy (GWG) was calculated by subtracting 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 electronic medical
records. What we were primarily concerned with was the following conditions: cesarean section,
premature delivery, premature rupture of membranes, hypertensive disorders of pregnancy, postpartum
hemorrhage, macrosomia, small for gestational age (SGA), and large for gestational age (LGA).

Several diagnostic criteria



Page 4/12

Preterm delivery: delivery between 28 and 37 weeks of gestation. Premature rupture of membranes a
spontaneous rupture of membranes that occurs before delivery. Hypertensive disorders of pregnancy
hypertension during pregnancy, preeclampsia, and eclampsia. Postpartum hemorrhage For vaginal
delivery the bleeding volume exceeded 500 mL within 24 hours after delivery of the fetus; for cesarean
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 (8). Macrosomia: the birth weight of
the newborn ≥ 4,000 g.

Laboratory methods

Peripheral venous blood was drawn during the �rst trimester (6-12 weeks of pregnancy) and the second
trimester (24-28 weeks of pregnancy), after the GDM women had fasted for 8-12 hours over night. The
blood sample was centrifuged at 3,000 rpm for 10 min to obtain serum for analysis. In the �rst trimester,
all samples were tested for serum FPG, HbA1c, total cholesterol (TC), TG, total protein (TP), and albumin
levels (ALB). All samples from 24-28 weeks of gestation were tested for serum fasting insulin, fasting
blood glucose, and blood sugar level both 1 hour and 2 hours after orally taking glucose. Fasting insulin
was tested via electrochemiluminescence immunoassay (ROCHE COBASE 601). Serum blood glucose
was tested by the hexokinase method, triglyceride level was tested by the peroxidase method, cholesterol
was tested by the coupling-POD enzyme colorimetric method, serum total protein by the biuret method,
and albumin by bromomethylolate green. All the tests were performed in an automatic biochemical
analyzer (ROCHE COBASE 8000).

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 concentration (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) (9).

Statistical analysis

SPSS 23.0 was used for statistical analysis. 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 variable data in
a skewed distribution, the median and quartile were chosen, and the Mann-Whitney U test was used for
comparison between groups. Univariate and multivariate logistic regression models were used to analyze
the relationship between HOMA-IR and adverse pregnancy outcomes, and the multiple regression model
was used to analyze the relationship between risk factors and HOMA-IR. All tests were statistically
signi�cant when p<0.05.
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Results
General characteristics of the mothers and newborns among the compared groups

710 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 medical 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 was no
difference in the age distribution between the two groups. The pre-pregnancy BMI (P<0.001) was
statistically different, signi�cantly higher in 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 during early pregnancy
were signi�cantly higher than those of 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 signi�cantly
enhanced (P<0.001). Only 12 women received intensive insulin therapy based on diet control and diabetic
education, and all of them were from the IR GDM group. With 30 premature birth cases excluded, there
was a statistically signi�cant difference in the birth weight of the newborns between the two groups
(P=0.014), but there was no signi�cant difference in GWG (P=0.638).

Risk factors of IR

 Meanwhile, the risk factors for IR were explored. Multiple stepwise regression analyses were performed
with independent variables including age, pre-pregnancy BMI, FPG, HbA1c, TP, ALB, TC, and TG. It can be
seen from the data in Table 2, the statistically signi�cant factors were age, pre-pregnancy BMI, FPG, and
TG in early pregnancy (P<0.05).

The relationship between HOMA-IR and adverse pregnancy outcomes

It can be seen from the data in Table 3 that IR did not signi�cantly increase the risk of GDM cesarean
section, premature delivery, premature rupture of membranes, postpartum hemorrhage, macrosomia, and
SGA (P > 0.05). After adjusting for confounding factors, the ORs (95% CI) of hypertensive disorders of
pregnancy and LGA were 5.883 (1.885, 18.366) and 1.655 (1.112, 2.463), respectively.

Disscussion
1) 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 signi�cantly higher.

i. GDM with IR and hypertensive disorders of pregnancy
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In our study, compared with the GDM women without IR, the risk of hypertensive disorders of pregnancy
increased up to 5 times in GDM women with IR. An Iranian study (10) had similar �ndings: 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 clinical prevention of
hypertensive disorders of pregnancy. However, the speci�c mechanism is still unclear. In the mainstream
opinion, physiological IR provides more glucose 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 (11, 12).

ii. 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
signi�cant increase in average birth weight compared with the babies of GDM women without IR. With
the confounding 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 Yamashita H’s research(13), in
which HOMA-IR was positively correlated to the birth weights of newborns. The mechanism of this
phenomenon has been partially explained. In Pedersen's (14) 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 go through the placenta, causes changes in the placenta’s metabolism and gene
expression, eventually disturbing fetal growth.

2) 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, BMI before pregnancy, TG, HbA1c, and
FPG in early pregnancy were considered to be the risk factors of GDM with IR. Our results are similar to
the results of Sun’s study (5), in which BMI and TG were related to GDM with IR in the second trimester,
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 bene�t 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.

Furthermore, different from Rodríguez-Morán M’s study (15), in our research, age was a protective factor
for GDM with IR. We consider that this difference in results comes from the fact that we focused on GDM
women, whereas his conclusion was based on an investigation of non-pregnant IR women. Therefore,
related population-based studies on larger scales are needed to con�rm the results.
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3) 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 considered
to result from low e�ciency of insulin utilization in tissue and the enhanced compensatory secretion
function of islet β-cells. The protection of islet β-cell function is closely related to the reduction of
endogenous insulin demand (16). Therefore, women with insulin resistance to GDM are likely to bene�t
from insulin sensitization therapy, providing a new approach for the individualized treatment of GDM.
This view is similar to that of a study in Poland, in which Sokup (17) 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 combined with insulin.

It is worth noting that the current clinical management goal of GDM is blood glucose. In fact, a high blood
glucose level can only explain a small part of the variation in birth weight (18). 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. Therefore, insulin resistance should also be an important indicator in pregnancy
monitoring, especially for GDM women within the normal range of blood glucose and with high risk
factors.

In particular, in this study, only 1.7% of the GDM women needed to control blood glucose by insulin
treatment, which is quite different from in other countries. In Australia, this proportion can reach to 52.8%
(19). This difference is considered to result from the lack of consensus and consistency in the screening
and diagnostic criteria 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. GDM can
be diagnosed by only an abnormal blood glucose reading. However, alternative standards are still used in
some centers and countries including Australia (20). This has led to the expansion of the GDM
population in China, while the proportion of women who really need insulin treatment has decreased.
Therefore, it is worth exploring whether the IADPSG standard is applicable to the Asian population. We
further suggest an appropriate strati�cation of the management of GDM women based on HOMA-IR to
reduce the loss of medical resources.

4) 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 activity, family history, and past history. 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 management. In the
end, more research is needed to dynamically observe the changes in IR before pregnancy, during
pregnancy, and after delivery, and to clarify the in�uencing factors of IR and the relationship between IR
and GDM.
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Conclusion
In summary, our research shows that IR in the second trimester is associated with adverse pregnancy
outcomes like hypertensive disorders of pregnancy and LGA. Moreover, pre-pregnancy BMI, TG, FPG, and
HbA1c in the �rst trimester are independent risk factors for IR in the second trimester. For women of
childbearing age with one of these factors, it is strongly recommended that they actively lose weight and
avoid a high-sucrose, high-fat diet before pregnancy. In addition, for GDM women with IR, stricter weight
management and insulin sensitivity treatment in the mid- and late-gestational periods are suggested to
further avoid adverse outcomes.
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Table 1

General characteristics comparison
  Non-IR GDM IR GDM t P

Number 418 292    

Age 33.20±4.127 32.72±4.255 1.495 0.135

Pre-pregnant BMI(kg/m2) 21.42±2.59 24.15±3.68 -10.937 <0.001

FPB (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   <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

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

a Non-IR GDM group (n 404), IR GDM group (n 276) with 30 cases of preterm birth excluded

Table 2

Multiple stepwise regression analysis between HOMA-IR and various indicators
Variable β SE β′ t P 95%CI

Constant -3.734 0.823   -4.535 <0.001 -5.351~-2.118

Age -0.035 0.010 -0.121 -3.704 <0.001 -0.017~-0.051

Pre-pregnant BMI 0.149 0.012 0.405 12.02 <0.001 0.124~0.173

TG 0.195 0.034 0.189 5.745 <0.001 0.128~0.261

FPB 0.286 0.087 0.108 3.288 0.001 0.115~0.457

HbA1c 0.383 0.138 0.92 2.783 0.006 0.113~0.654
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Table 3

In�uence of HOMA-IR on pregnancy outcome of GDM pregnant women
  Univariate logistic regression Multivariate logistic

regression

OR 95%CI P OR 95%CI P

Cesarean section 1.262(0.924,1.724) 0.143 1.170(0.805,1.699) 0.411

Premature delivery 1.802(0.853,3.805) 0.123 1.992(0.828,4.791) 0.124

Premature rupture of membranes 1.316(0.931,1.862) 0.120 1.607(0.716,1.590) 0.750

Postpartum hemorrhage 1.122(0.724,1.739) 0.607 1.207(0.731,1.992) 0.462

Hypertensive disorders of
pregnancy

8.398(3.193,22.072 <0.001 5.883(1.885,18.366) 0.002

Macrosomia 1.621(0.868,3.029) 0.130 1.073(0.517,2.226) 0.850

LGA 2.037(1.436,2.889) <0.001 1.655(1.112,2.463) 0.013

SGA 1.563(0.742,3.289) 0.24 1.365(0.561,3.323) 0.493

Confounding factors: age, pre-pregnancy BMI, FPG, HbA1c, TC, TG.


