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Abstract
Women with polycystic ovary syndrome are prone to develop gestational diabetes mellitus, a disease
which may have signi�cant impact on the postpartum health of both mother and infant. We performed a
retrospective cohort study to develop and test a model that could predict gestational diabetes mellitus in
the �rst trimester in women with polycystic ovary syndrome. Our study included 520 pregnant women
who were referred to the obstetrics department between December 2017 and March 2020 with a
diagnosis of polycystic ovary syndrome. Of these women, 171 were diagnosed with gestational diabetes
mellitus in the second trimester. Univariate analysis revealed that in the �rst trimester, parity, family
history of diabetes, age, body mass index (BMI), testosterone, low density lipoprotein cholesterol,
triglyceride(TG), total cholesterol(TC), fasting plasma glucose(FPG), Hemoglobin A1c (HbA1C), diastolic
blood pressure(DBP) and insulin levels were predictive factors of gestational diabetes mellitus (P<0.05).
Logistic analysis revealed that TG, age, HbA1C, Insulin, TC, BMI and family history of diabetes were
independent risk factors for gestational diabetes mellitus. The area under the ROC curve of the
gestational diabetes mellitus risk prediction model was 0.917 in this retrospective analysis,
demonstrating the great ability to predict. The sensitivity and speci�city of the prediction model were
0.814 and 0.871, respectively. The Hosmer–Lemeshow test also showed a good �t to the test. 

Introduction
Gestational diabetes mellitus (GDM) is de�ned as glucose intolerance that develops or is �rst diagnosed
after the �rst trimester of pregnancy and is not caused by type 1 or type 2 diabetes mellitus. GDM has
long-lasting harmful effects on both the mother and infant [1]. Women with a history of GDM are almost
ten times more likely to develop type 2 diabetes mellitus than those without [2]. Maternal hyperglycemia
may also place infants at risk of autism spectrum disorders, obesity, hypertension, type 2 diabetes,
hyperlipidemia, cardiovascular disease, deep vein thrombosis, and pulmonary embolism [3], and it may
place young adults at risk of obesity with insulin resistance [4]. 

The incidence of gestational diabetes has always been high, and in recent years, due to advances in
assisted reproductive technology and the fertility needs of older women, the incidence of gestational
diabetes has increased. The global incidence of GDM ranges from 9% to 25%, while in China it ranges
from 13.0% to 20.9% [5]. Over the last 10 years, the incidence in our hospital has been risen from 13.4% to
16.3%. 

Polycystic ovary syndrome (PCOS) is a common disorder that affects 8% of reproductive-aged women [6,
7]. It is characterized by the presence of at least two of the following diagnostic criteria: 1)
hyperandrogenism; 2) polycystic ovaries determined sonographically with 12 or more measured follicles
of length between 2 and 9 mm; 3) an ovarian volume of 10 mL or more; and 4) infertility resulting from
menstrual cycle disorders. The syndrome is also associated with various comorbidities that cause
obesity, and have long-term sequelae such as insulin resistance and metabolic syndrome [8]. 
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Women with PCOS have higher levels of insulin resistance, which predisposes them to developing
GDM [9]. Based on extensive clinical research, the National Institutes of Health reported that PCOS is an
independent risk factor for GDM. PCOS has become the most common endocrine and gynecological
condition in Chinese women of childbearing age because of a shift from a traditional Chinese diet to a
high-sugar, high-fat diet, and a delayed childbearing age [10]. 

Therefore, it is critical to identify pregnant women with PCOS who are at risk of developing GDM. The
goal of this study was to identify GDM risk factors in women with PCOS to enable clinicians to undertake
early prevention intervention measures effectively, and thus reduce the occurrence of GDM.

Patients And Methods
Inclusion and exclusion criteria for patients

This prospective cohort study used data from the medical records of 520 women with PCOS. The
patients were between 7 and 12 weeks pregnant and have prenatal examinations in the Maternal and
Child Health Hospital of Hunan Province between December 2017 and March 2020. Follow-up was
performed regularly. Patients were included if they 1) were pregnant and had PCOS; 2) were older than 18
years; 3) intended to have prenatal examinations and deliver their babies at our hospital; and 4) had an
oral glucose tolerance test at 24–28 weeks of pregnancy. Patients were excluded if they had 1)
pregestational diabetes mellitus; 2) multiple pregnancy; or 3) cardiovascular, respiratory, thyroid, liver,
kidney, or any other diseases that might affect the research outcomes. The study was approved by the
ethics committee of Maternal and Child Health Hospital of Hunan Province. 

Data collection

Standard sphygmomanometry was used to measure blood pressure in each patient. The measurement
unit of Weight and Height were recorded and rounded to the nearest 0.1 kg and 0.1 cm, respectively. BMI
was counted by dividing the weight by the square of height. After at least 8 hours of fasting in the
morning, venous blood samples were collected., TG, TC, high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), FBG, HbA1C and testosterone levels were measured. 

Patients with a BMI of between 24.0 and 27.9 kg/m2 were de�ned as “overweight”, while those with a BMI
of more than 28.0 kg/m2 were de�ned as “obese” [11]. Participants were described as hypertensive if their
systolic blood pressure was ≥140 mmHg and/or their diastolic blood pressure was ≥90 mm Hg.
Dyslipidemia was de�ned as having a total cholesterol level of ≥6.22 mmol/L, TG ≥2.26 mmol/L, HDL-C
<1.04 mmol/L, or LDL-C ≥4.14 mmol/L, according to the criteria presented in the Chinese Guidelines for
the Prevention and Treatment of Dyslipidemia in Adults [12]. 

GDM was screened for by performing an oral glucose tolerance test on patients during weeks 24–28 of
pregnancy: patients included in the study fasted for 8 to 12 hours overnight, and the following morning
drank 250–300 mL water with 75g glucose powder dissolved in 5 minute period. Their venous blood was
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measured before the examination, and then again after 1 and 2 hours. The diagnostic standard used for
gestational diabetes was that of abide by the International Association of Diabetes and Pregnancy Study
Group (IADPSG)[13]. Patients were diagnosed with GDM if they blood glucose level reached any one of it :
fasting blood glucose level≥ 5.1 mmol/L, blood glucose at 1 hour after glucose intake ≥ 10.0 mmol/L, or
blood glucose at 2 hours after glucose intake ≥ 8.5 mmol/L.  

Statistical analysis

Descriptive statistic analyses were performed to analysis 520 participants using IBM SPSS Statistics for
Windows, Version 20.0 (Armonk, NY: IBM Corp.). All continuous variables were summarized as median
(interquartile range), and categorical variables were expressed as frequency (n) and proportions (%). The
chi-square and Wilcoxon tests were used to detect statistical signi�cance. 

The nomogram model was developed and implemented in three steps. First, using nonzero coe�cients in
the least absolute shrinkage and selection operator (LASSO) regression model, we identi�ed independent
predictive features [14]. Second, the selected variate from the LASSO regression model were identi�ed to
construct the multivariate logistic regression model, and selected the variables with statistical
signi�cance to establish the nomogram model[15]. Third, the nomogram’s discrimination and calibration
were evaluated using calibration curve plots, the area under the receiver (AUC), and Harrell’s concordance
index (C-index), respectively. The statistical package R was used to generate the nomogram model
(http://www.R-project.org). 

Result
Baseline characteristics

A total of 520 pregnant women were included in this study. The mean age of the participants was 29
years. The proportion of overweight and obese participants in the GDM group was higher than that in the
non-GDM group (p<0.05). In addition, the rate of family history of diabetes in the GDM group was
signi�cantly higher than that in the non-GDM group (p<0.05), as were the biochemical indices levels
(p<0.05). There were no signi�cant differences in systolic and diastolic blood pressure between the two
groups. (Table 1) 

Univariate and multivariate analysis

Optimal lamba have selected Eleven variables with nonzero coe�cients(Figure 1-1). Based on one
standard error criteria, the partial likelihood deviance (binomial deviance) curve was plotted vs
log(lambda) and dotted vertical lines were constructed. (Figure 1-2). According to the multivariate logistic
regression model, we de�ned the independent risk factors for GDM to include TG, age HbA1C Insulin, TC,
BMI and family history of diabetes (Table 2). 

Nomogram and evaluation of prediction model for gestational diabetes mellitus
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A nomogram of the GDM risk prediction model for pregnant women was created based on the
independent risk factors for GDM before pregnancy (Figure 2). To measure the frequency of occurrence
of GDM, the cumulative GDM score in the �rst trimester was determined based on the corresponding
score of each predictor factor. The AUC of the GDM risk prediction model was 0.917, indicating a strong
classi�cation ability. The sensitivity and accuracy of the validation model were 0.814 and 0.871,
respectively (Figure 3-1). The calibration of the prediction model was evaluated using the Hosmer–
Lemeshow goodness of �t test, and a calibration curve was obtained. (Figure 3-2). 

Discussion
Insulin resistance is a key characteristic of PCOS, and women with both PCOS and GDM are at high risk
of developing type 2 diabetes mellitus. Type 2 diabetes exhibits insulin resistance and elevated blood
glucose levels, which may promote pathological harm in PCOS patients [16]. It is generally accepted that
Fatty acids(FAs) play a major role in the development of insulin resistance[17]. In our study, BMI is the
most signi�cant index to indicate the occurrence of GDM in pregnant women with PCOS. Consequently, it
would be useful to have a clinical index that could quantify the differences between women with PCOS
who have GDM and those who do not have GDM. Other factors associated with an increased risk for
GDM are age, number of pregnancies, LDL-C level, and history of diabetes mellitus in �rst degree relatives
[18]. In this study, the nomogram model that we developed could effectively predict the development of
GDM in women with PCOS based on TG, age, BMI, and family history of diabetes. The sensitivity and
speci�city of this model were 81.4% and 87.1%, respectively. 95% of overweight women with PCOS has
insulin resistance[19], supporting the outcome in our nomogram model that BMI was the most relevant
factor to predict GDM. N.S. Kakoly pointed out that obese women with PCOS patients are more likely to
develop insulin resistance or type 2 diabetes mellitus later, and this results were independent of race[20].
According to previous studies, the most important risk factor for GDM is being overweight or obese prior
to pregnancy (BMI 25 kg/m2 or above) [21]. This was not affected by the geographical distribution, parity,
or a history of GDM. However, a previously reported clinical model that used BMI as the independent
factor to screen for GDM found that the outcomes varied widely by race: GDM was found in more than
76% of African-Americans, 58% of Latinas, and 46% of Caucasians, but only 25% of Asians (p=0.001)
[22]. A meta-analysis estimated that the risk of developing GDM increases with weight gain and is not
affected by location; compared to the control group, the risk of developing GDM is approximately two,
four, and eight times higher in overweight, obese, and extremely obese women, respectively [23].  

Dyslipidemia, which is associated with diabetes mellitus, is the main risk factor for the development of
cardiovascular disease. Diabetes-related lipid changes are attributed to an increased free fatty acid �ux
caused by insulin resistance. In our study, the logistic analysis found that the serum level of triglyceride is
the independent factor for GDM prediction .However, in our nomogram model, the varies of LG almost
have no score, it may attributed to the different value units and classi�cation of grading methods. Several
studies have reported that dyslipidemia in the �rst trimester of pregnancy is related to the development of
GDM [24, 25]. Lean or obese women with higher TG concentrations have an increased risk of developing
GDM, whereas lean women with high HDL-C levels do not. This statement is consistent with O’Malley,
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who stated that maternal obesity mediates the epidemiological relationship between GDM and
dyslipidemia, and only women with GDM who were obese had higher TG and lower HDL-C levels and a
higher TG:HDL-C ratio than those without GDM [26]. A retrospective study indicated that women with
GDM are more likely to have hyperlipidemia postpartum, particularly dyslipidemia de�ned by TG [27].
Hyperinsulinemia is usually concomitant with low HDL cholesterol and high LDL–cholesterol levels. The
increased release of free fatty acids from insulin-resistant fat cells may be the cause of these
characteristics [28].  

Hemoglobin A1c(HbA1C) is the sensitive factor to indicate insulin resistance[29] and capable as an
indicator to predict cardiovascular disease for Nondiabetic Adults[30]. There is an amounting evidence
indicates that fasting plasma glucose (FPG) can be an indicator to prognosticate the risk rate of glucose
abnormality during pregnant. An increasing number of researchers have studied the relationship between
fasting plasma glucose (FPG) levels in early pregnancy and the occurrence of adverse pregnancy
outcomes. They found that testing FPG levels in the �rst trimester is feasible, cost-effective, and may
avoid the emesis and discomfort caused by the oral glucose tolerance tests. Agarwal et al. found that
when serum levels of FPG <4.4 mmol/L, the sensitivity to exclude GDM was 94.7% when serum levels of
FPG ≥5.3 mmol/L and the speci�city for diagnosing GDM was 94%. FPG is therefore a potentially
effective screening method that releases pregnant women from the need to undergo the oral glucose
tolerance test, and the omission diagnostic rate is 5.8% [31]. 

The cult value of using FPG to de�ne risk factors for GDM in early pregnancy is still an issue, however.
Zhu et al. recommended that an FPG threshold of 5.7 mmol/L can identify 60% of pregnant women with
abnormal oral glucose tolerance test at 24–28 weeks [32]. Based on several studies, E. Cosson et al.
recommended that an FPG level between 5.6 and 6.9 mmol/L be used as the threshold values as the risk
of giving birth to a child with macrosomia increases with higher FPG levels [33]. In consideration of the
potential clinical impact of HbA1C and FPG, we incorporate these two factors into nomogram model even
while the logistic analysis did not show signi�cant difference.  

Kousta et al. give evidence that even if pregnant women with GDM had normal fasting blood glucose
levels in postpartum , they β-cell function and insulin response to glucose still have adverse effected .
Recently, much attention has been paid to the role of other hormone factors in the development of GDM.
The prediction indices included Follicle-Stimulating Hormone(FSH), Luteinizing Hormone(LH), and
Thyroid peroxidase antibody (TPA). The prediction time includes the �rst and second trimester of
pregnancy, but there is no simple and practical prediction index with high sensitivity and
speci�city. Therefore, we should consider other parameters for predicting GDM in women with PCOS.

We conclude that TG, FPG, BMI, HbA1C ,and family history were effective risk predictors for GDM in
women with PCOS in the �rst trimester. In particular, women with PCOS and overweight are at a
substantial risk for GDM: the nomogram model shows that when BMI increased to overweight, the
prediction almost reach to 85%. These women should be identi�ed as being at high risk and be counseled
before, or during the early stages of pregnancy to implement effective therapeutic strategies. Our analysis
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was limited because all data used for analysis were obtained from a single site, which may have
impaired our analysis. A multicenter validation using a large number of patients may produce results that
are more generalizable to the broader population.
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Variable  GDM group

(n=171)

Non-GDM group

(n=349)

P-value

Age(years)      

<35 151 325 0.064

≥35 20 24  

BMI(kg/m2)      

<24 69 301 P<0.05

24 ≤n<28 94 47  

≥28 8 1  

Parity      

0 98 260 P<0.05

≥1 73 89  

Family history with diabetes      

No  123 331 P<0.05

Yes  48 18  

Testosterone (mmol/L) 1.31(0.80,1.79) 1.49(0.92,2.01) 0.022

LDL(mmol/L) 3.06(1.28,3.34) 1.59(0.99,2.06) 0.000

HDL(mmol/L) 1.17(0.99,1.43) 1.09(0.85,1.50) 0.120

TG(mmol/L) 1.87(1.14,2.99) 1.52(1.02,2.17) 0.000

TC(mmol/L) 5.02(4.52,5.29) 3.22(2.32,3.90) 0.000

FPG(mmol/L) 4.87(4.34,5.26) 4.46(4.20,4.71) 0.000

Fasting insulin(mmol/L) 15.30(11.08 23.37) 9.98(7.16,13.66) 0.000

HbA1c(%) 5.14(4.88,5.49) 4.63(4.36,4.92) 0.000

SBP(mmHg) 117(111,125) 118(112,123) 0.560

DBP(mmHg) 75(69,81) 76(69,82) 0.477

MI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, FPG fasting plasma
glucose, HbA1c glycosylated hemoglobin, TC total cholesterol, TG triglycerides, LDL-C low-density
lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol

Table 2 Multivariate logistic regression to predict risk of GDM in PCOS women 
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  β Coe�cient Wald test P OR(95%CI)

FPG 0.679 1.936 0.052 1.972 1.000-3.980

HbA1C 2.951 6.694 0.000 19.130 8.380-47.511

TG

TC

-0.474

1.582

-2.654

5.803

0.007

0.000

0.622 0.432-0.874

4.865 (2.950-8.627)

BMI 0.212 2.484 0.013 1.236 1.048-1.468

Family history 1.599 3.033 0.002 4.949 1.817-14.448

Age 0.140 2.425 0.015 1.150 1.029-1.292

FBG fasting blood glucose, HbA1c glycosylated hemoglobin, TG triglycerides, TC total
cholesterol BMI body mass index

Figures

Figure 1

Optimal lamba have selected Eleven variables with nonzero coe�cients(Figure 1-1). Based on one
standard error criteria, the partial likelihood deviance (binomial deviance) curve was plotted vs
log(lambda) and dotted vertical lines were constructed. (Figure 1-2)
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Figure 2

GDM nomogram for the �rst trimester. The risk of predicting the occurrence of GDM is quanti�ed as the
number of points marked on the axis, the score determined by each variable axis is the number
corresponding to the value vertical on the total points scale, and projected the sum of all variables onto
the bottom axis, yielding a personalized GDM risk for each woman with PCOS.
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Figure 3

ROC curves showing the precision of the GDM nomogram in patients. The average predictive precision of
the nomogram for GDM was 0.917, and the validation model’s sensitivity and speci�city were 0.814 and
0.871, respectively.


