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INTRODUCTION

Polycystic ovary syndrome (PCOS) affects between 5% 
and 8% of women and is characterized by androgen excess and 
increased risk of diabetes and heart disease [1,2]. In prospec-
tive trials, Moran et al. showed a prevalence of prediabetes of 
35%, prevalence of Type  2 diabetes mellitus (T2DM) of 10%, 
5-10 fold risk of progression from prediabetes to diabetes, and 
a 4-7 fold higher risk of T2DM in PCOS patients [3]. Insulin 
resistance (IR) appears to be central to the pathogenesis of 
androgen excess in this population and also contributes to 
dyslipidemia and endothelial dysfunction [4]. Therefore, it 

is not surprising that PCOS is frequently associated with an 
increased risk for the development of cardiovascular disease 
(CVD) and metabolic syndrome [5].

Accordingly, women with PCOS, in combination with obe-
sity, cigarette smoking, dyslipidemia, hypertension, impaired 
glucose tolerance (IGT), and subclinical vascular disease are 
at moderate risk for developing CVD, while those with met-
abolic syndrome or T2DM are at high risk for CVD [6]. Data 
on prevalence and incidence of T2DM, and particularly data 
on CVD in PCOS patients, are very limited [7]. Inflammatory 
markers, such as C-reactive protein (CRP), were shown to 
be consistently associated with the incidence of T2DM in a 
population of otherwise healthy people [8] as well as in PCOS 
patients [9].

This study was designed to determine the risk factors 
and incidence of prediabetes, as well as cardiovascular risk in 
women with PCOS. An additional goal was to determine the 
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ABSTRACT

Our aim was to determine the incidence of prediabetes and risk of developing cardiovascular disease (CVD) in women with polycystic ovary 
syndrome (PCOS). This prospective, observational study included 148 women with PCOS, without Type 2 diabetes mellitus (T2DM) and 
CVD present at baseline. In the fasting blood samples, we measured lipids, glucose, and insulin levels during oral glucose tolerance test, levels 
of C-reactive protein (CRP), steroids, 25-hydroxyvitamin D (25-OHD), prolactin, thyroid-stimulating hormone, and parathyroid hormone. The 
follow-up period was 3 years. At baseline, prevalent prediabetes was present in 18 (12%) of PCOS cases and it progressed to T2DM in 5 (3%) of 
the cases. Incident prediabetes during the follow-up was noted in 47 (32%) women or 4.7 per 1000 persons/year. Prediabetes was associated 
with elevated body mass index (BMI) (odds ratio [OR] = 1.089, confidence interval [CI]: 1.010; 1.174, p = 0.026), high baseline levels of CRP 
(OR = 3.286, CI: 1.299; 8.312, p = 0.012), homeostatic model assessment - insulin resistance (IR) (OR = 2.628, CI: 1.535; 4.498, p < 0.001), and 
high lipid accumulation product (LAP) (OR = 1.009, CI: 1.003; 1.016, p = 0.005). Furthermore, prediabetes was associated with low 25-OHD 
(OR = 0.795, CI: 0.724; 0.880, p ≤ 0.05). In addition, cardiovascular risk in PCOS women with prediabetes was high (hazard ratio = 1.092, 
CI: 1.036; 1.128, p < 0.001). We showed association of prediabetes with high BMI, IR, markers of inflammation, LAP, and low serum 25-OHD 
concentration. IR appears to be more relevant than the other predictors of prediabetes risk in this study. PCOS women are considered as a 
high-risk population for prediabetes.
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metabolic profile, including body weight, lipid levels, parame-
ters of insulin sensitivity, subclinical inflammation, lipid accu-
mulation product (LAP), and 25-hydroxyvitamin D (25-OHD) 
levels in women with PCOS.

MATERIALS AND METHODS

Participants

All the patients in this follow-up cohort study were 
recruited from the Diagnostic and Policlinic Department of 
the Clinic for Endocrinology and Diabetes at the University 
Clinical Center of Sarajevo. The study was performed accord-
ing to the principles outlined in the Declaration of Helsinki 
and in accordance with ethical recommendations of the local 
Ethics Committee.

The study included female patients diagnosed with 
PCOS, aged 20-40 years, without acute and chronic diseases, 
diabetes and CVD, and with normal levels of thyroid-stim-
ulating hormone (TSH), prolactin (PRL), and parathyroid 
hormone (PTH). PCOS was diagnosed according to the 
Rotterdam criteria [10] with clinical evaluation, labora-
tory tests, and echo-sonography. All the patients signed an 
informed consent.

There were 239 women with PCOS, of which 148 women 
without diabetes and CVD at baseline were included in the 
study, while 91 were diagnosed with T2DM and therefore 
excluded (Figure 1). The mean follow-up time was 3 ± 1.6 years 
(years 2010-2015). Anthropometric and laboratory parameters 
were obtained annually. Out of the 148 non-diabetic women 
with PCOS, 130 were without prediabetes at the baseline, and 

were followed in order to obtain the incidence of prediabetes. 
The remaining 18 women with PCOS were diagnosed with 
prediabetes at baseline and were followed in order to obtain 
the incidence of T2DM.

Hyperandrogenism was defined as sex hormone-binding 
globulin (SHBG) cutoff value <30 nmol/L and free androgen 
index test (FAI) >5. The cutoff value of testosterone was >3.0 
nmol/L. We calculated FAI using formula as follows:

FAI = Total testosterone (nmol/L) × 100/SHBG 
(nmol/L) [11].

Lipid profile, CRP, 25-OHD, plasma glucose, and insulin 
levels during oral glucose tolerance test (OGTT), steroids, 
PRL, TSH, PTH were measured from morning fasting blood 
samples with standardized assays. Fasting samples were 
obtained annually.

Anthropometric and biochemical measurements

Anthropometric data were collected at each visit, includ-
ing height, weight, blood pressure, the Ferriman–Gallwey 
score  [12], and waist circumference. Hypertension was 
defined as systolic blood pressure ≥130 mm Hg, diastolic blood 
pressure ≥85 mm Hg for daytime ambulatory blood pressure, 
or the use of anti-hypertensive medications [13]. Body mass 
index (BMI) was expressed as kg/height in meters squared. 
Waist circumference was measured at the midpoint between 
the lowest rib and the iliac crest. A waist circumference greater 
than 80  cm was considered as a factor for increased risk of 
metabolic complications [14].

Fasting serum 25-OHD concentration was measured in 88 
of the 148 participants at the second visit. The reference range 

FIGURE 1. Flowchart of the study. PCOS: Polycystic ovary syndrome; OGTT: Oral glucose tolerance test; IFG: Impaired fasting glucose; 
IGT: Impaired glucose tolerance.
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of 25-OHD was 20-50  ng/ml. Deficiency of 25-OHD was 
defined as 25-OHD ≤20 ng/ml.

Homeostasis model analysis (HOMA) [fasting glucose 
(mmol/L) × fasting insulin (µU/ml)/22.5] was also calcu-
lated [15], and IR was defined as HOMA-IR >2.5.

Additional information on smoking habits, physical activ-
ity, education, and employment status were collected by ques-
tionnaire. Education status was categorized as less or more 
than high school completed. Physical activity was designated 
as inactive or active. The participants were asked about cur-
rent or former cigarette smoking habit, age at which smoking 
started and ended, and number of cigarettes consumed daily. 
Family history of diabetes was designated as negative, positive, 
or unknown.

Prediabetes criteria

Incident prediabetes was defined as an individual with 
fasting glucose <5.6 mmol/L at baseline examination and lev-
els 5.6 to 6.9 mmol/L at the follow-up examination, thereby 
eliminating individuals with prevalent prediabetes [16]. 
Prediabetes is recognized through impaired fasting glucose 
(IFG) (glucose levels 5.6-6.9 mmol/L) or IGT (glucose lev-
els 7.8-11 mmol/L) following a 2-hour 75  g OGTT given in 
the morning, after an appropriate overnight fast. Monitoring 
patients with prediabetes to assess their glycemic status 
should include at least an annual reassessment of fasting 
plasma glucose (FPG) or an OGTT [17,18]. Values of hemo-
globin A1c (HbA1c) between 5.5% and 6.4% are criteria for 
prediabetes diagnosis.

The NCEP ATP III criteria [19] for the diagnosis of met-
abolic syndrome included abdominal obesity (waist cir-
cumference >80  cm), triglycerides (TGs) >1.7 mmol/L, 
high-density lipoprotein (HDL) <1.03 mmol/L, blood pressure 
>130/85  mmHg, and glucose >5.5 mmol/L. LAP was calcu-
lated using the formula [20]:

LAP for women = (waist circumference [cm] − 58) × (TG 
concentration [mmol/L]).

Statistical analysis

Descriptive statistics were utilized to compare the char-
acteristics of participants according to BMI, and between 
participants who developed prediabetes compared to those 
who did not. Normal distribution was investigated using the 
Kolmogorov–Smirnov test. Data were expressed as means 
(standard deviation [SD]), medians (95% range), or absolute 
numbers and percentages, according to the type of variables 
and the normality of distributions. The continuous variables 
with skewed distribution were transformed using square root 
(weight, BMI, waist circumference, HDL, low-density lipo-
protein [LDL], follicle-stimulating hormone [FSH], luteinizing 

hormone [LH], LH/FSH, CRP, androstenedione, dehydroe-
piandrosterone sulfate [DHEA-S], HOMA-IR), logarithm 
(cholesterol, LAP, progesterone, testosterone, fasting glucose, 
insulin), or inversion (TGs, estradiol, SHBG, 25-OHD) to nor-
malize the distributions. Values of p less than 0.05 were con-
sidered statistically significant.

The unpaired Student’s t-test and the Chi-square test were 
used for comparisons between two groups of continuous and 
categorical variables, respectively. The Pearson correlation 
coefficients were used to examine the relationships between 
variables. Multivariate logistic analyses were performed to 
evaluate the association between investigated variables and 
incident prediabetes. Logistic models were adjusted for the 
potential confounding. Incidence rates were calculated using 
person-time analysis. The participants were censored at the 
last follow-up exam that they attended.

Cox proportional hazards modeling was utilized to esti-
mate the hazard ratios (HRs) of prediabetes across quartiles 
of CRP, LAP and HOMA-IR, and tertiles of 25-OHD. Model 1 
included the CRP, LAP, HOMA-IR, 25-OHD, age, BMI, phys-
ical activity, education, and smoking habits. Model 2 included 
Model 1 variables plus waist circumference. All covariates 
were defined as their values at baseline examination. We used 
Cox regression to assess the risk of developing CVD accord-
ing to the prediabetes incidence in the women with PCOS. All 
models were adjusted for prevalent prediabetes.

Furthermore, a supplemental analysis was conducted 
upon classifying the study participants into two groups, 
according to their BMI: PCOS women with elevated BMI and 
PCOS women with normal body weight.

RESULTS

Out of the total 239 women diagnosed with PCOS, 
148 (62%) were without diabetes and therefore included in the 
study (Figure 1). At baseline, prevalent prediabetes was found 
in 18 (12%) of the 148 women with PCOS, and it progressed to 
diabetes in 5  (3%) of these participants during the follow-up 
period. Out of the 148 eligible patients, 130 (88%) did not have 
prediabetes at baseline. During the 3-year follow-up period, 
incident prediabetes was noted in 47 (36%) of the 130 women 
with PCOS, or 4.7 per 1000 persons/year.

As shown in Table  1, the PCOS patients with incident 
prediabetes had similar frequencies of menstrual irregular-
ity, hirsutism, echo-sonographic finding, smoking status, and 
education status as the PCOS participants without incident 
prediabetes. However, the women with PCOS with incident 
prediabetes had significantly higher levels of fasting glucose, 
fasting insulin, HOMA-IR, HbA1c, LAP, BMI, DHEA-S, and 
lower levels of 25-OHD than the women with PCOS without 
incident prediabetes (Table 1).
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Among the 148 women with PCOS, the relationship 
between hormonal, metabolic, and inflammation status 
and incident prediabetes was assessed during the 3-year fol-
low-up period (Table 2). The results showed that HOMA-IR 
(odds ratio [OR] = 2.628, confidence interval [CI]: 1.535; 4.498, 
p < 0.001), waist circumference (OR = 3.463, CI: 2.065; 5.718, 
p < 0.001), and family history of diabetes (OR = 7.156, CI: 
2.744; 18.859, p = 0.049) are the most important predictors of 
prediabetes.

The risk of developing CVD according to prediabetes inci-
dence in the women with PCOS was significant (HR = 1.092, 
CI: 1.036; 1.128, p < 0.001).

The Cox proportional hazard modeling showed that the 
prediabetes incidence was higher among the participants 
whose baseline levels of CRP, HOMA-IR, and LAP were in 

the highest versus the lowest tertile (Table 3). The relationship 
between 25-OHD and prediabetes incidence was also signifi-
cant. The lowest and middle tertiles of 25-OHD were associ-
ated with prediabetes.

The characteristics of women with PCOS according to 
their BMI are presented in Supplemental Table  1. Out of 91 
women with PCOS with elevated BMI, 16 (18%) had prediabe-
tes at baseline, while out of 57 women with PCOS with nor-
mal body weight, only 2 (4%) had prediabetes at baseline. The 
incident prediabetes was more common in the PCOS patients 
with elevated BMI as compared to the participants with nor-
mal body weight (OR = 1.089, CI: 1.010; 1.174, p = 0.026). The 
positive family history of diabetes was more common in the 
PCOS patients with elevated BMI as compared to the partic-
ipants with normal body weight. There were no differences in 

TABLE 1. Characteristics of population with PCOS (n=130) according to incidence of prediabetes during the 3-year follow-up period 

Variable Women with PCOS without prediabetes Women with PCOS and prediabetes p value
Number3  83 (64) 47 (36)
Age (years)2 28.60 (5.44) 28.76 (5.99) 0.904
Weight (kg)1 76.97 (14.59) 81.93 (12.40) 0.123
BMI (kg/m2)1 27.31 (5.13) 29.49 (2.91) 0.001
Waist circumference (cm)1 89.93 (16.03) 92.86 (9.77) 0.115
Cholesterol (mmol/L)1 5.55 (0.81) 5.74 (0.81) 0.184
TGs (mmol/L)1 2.25 (0.86) 2.43 (0.73) 0.199
HDL (mmol/L)1 0.98 (0.22) 1.05 (0.13) 0.010
LDL (mmol/L)1 3.60 (0.99) 3.88 (0.85) 0.064
LAP1 77.55 (57.90) 89.21 (45.93) 0.017
TGs/HDL1 2.46 (1.21) 2.37 (0.86) 0.919
CRP (mg/L)1 3.06 (1.47) 2.95 (0.58) 0.810
Serum fasting glucose (mmol/L)1 4.90 (0.36) 6.34 (0.43) <0.001
Fasting insulin (pmol/L)1 57.42 (13.27) 116.19 (23.79) 0.025
Glucose (120’ OGTT) mmol/L1 5.76 (1.20) 5.62 (2.00) 0.133
Insulin (120’ OGTT) pmol/L1 274.48 (115.51) 431.90 (155.43) <0.001
HbA1c (%)1 5.67 (0.33) 6.00 (0.32) <0.001
HOMA-IR1 3.80 (0.83) 4.51 (0.80) <0.001
FSH (IU/L)1 6.05 (2.19) 5.26 (0.88) 0.057
LH (IU/L 1 15.76 (5.24) 15.74 (3.87) 0.787
LH/FSH1 2.78 (0.96) 2.99 (0.54) 0.031
Estradiol (pmol/L)1 142.97 (91.57) 139.67 (62.03) 0.614
Progesterone (nmol/L)1 12.40 (5.09) 11.40 (6.11) 0.096
Testosterone (nmol/L)1 2.90 (0.95) 2.59 (0.88) 0.056
Androstenedione (ng/ml)1 2.73 (0.91) 2.92 (1.07) 0.427
DHEAS (mcg/dl)1 351.70 (74.65) 404.79 (77.32) <0.001
SHBG (nmol/L)1 15.20 (5.30) 14.27 (5.40) 0.175
25-OHD (ng/ml)1 13.10 (8.13) 8.51 (2.88) 0.022
Menstrual irregularity n (%)3  39 (47)  23 (49) 0.056
Hirsutism n (%)3  65 (52)  23 (49) 0.346
PCO/echo-sonography n (%)3  38 (46) 22 (46) 0.320
Smoking status n (%)3  21 (25) 13 (28) 0.181
Physical activity n (%)3  53 (64) 20 (42) 0.034
Family history of diabetes n (%)3  0 34 (72) <0.001
Education status n (%)3  62 (75) 32 (68) 0.209

Values are expressed as 1means (SD), 2medians (95% range), or 3absolute numbers (percentages). Continuous variables were transformed (logarith-
mical, square root, or inversion) to normalize distribution. Group means were compared with Student’s t-tests. Categorical variables were analyzed by 
Chi-square test. PCOS: Polycystic ovary syndrome; BMI: Body mass index; TGs: Triglycerides; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; 
LAP: Lipid accumulation product; CRP: C-reactive protein; OGTT: Oral glucose tolerance test; HbA1c: Hemoglobin A1c; HOMA-IR: Homeostatic model 
assessment - insulin resistance; FSH: Follicle-stimulating hormone; LH: Luteinizing hormone; DHEAS: Dehydroepiandrosterone sulfate; SHBG: Sex hor-
mone-binding globulin; 25-OHD: 25-hydroxyvitamin D; SD: Standard deviation
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menstrual irregularity, echo-sonographic findings, and smok-
ing status between the two groups of patients with PCOS. 
The women with normal body weight were more educated, 
and they were exercising more frequently than the women 
with elevated BMI. The levels of LDL, total cholesterol, LAP, 
HDL/TG ratio, CRP, TGs, HOMA-IR and glucose and insu-
lin 2 hours after OGTT were significantly higher in the PCOS 

group with elevated BMI as compared to the women with 
PCOS with normal body weight.

DISCUSSION

PCOS is the most common ovarian disorder related to the 
androgen excess in women, which explains the growing inter-
est of endocrinologists to better understand the mechanisms 
of its development. In the last two decades, great efforts have 
been made to define PCOS [21]. Based on the well-known 
relationship of PCOS with IR, which is independent of obe-
sity, a higher prevalence of prediabetes and T2DM in patients 
with PCOS is expected.

Our results indicate an association of prediabetes with 
high BMI, IR, markers of inflammation, LAP, and low serum 
25-OHD concentration. IR appears to be more relevant than 
the other predictors of prediabetes risk in this study.

We showed a high prevalence of prediabetes (18%) in 
the women with PCOS with elevated BMI. Similarly, Legro 
et  al.  [22] demonstrated a significantly higher prevalence of 
both IGT (30%) and T2DM (4%) in obese women with PCOS 
as compared with control group of patients without PCOS 
(15.7% IGT, 0 T2DM). Furthermore, Ehrmann et  al.  [23] 
demonstrated a similar prevalence of impaired IR among 
women with PCOS (35% IGT, 10% T2DM).

Previous studies also suggested that the conversion 
from IGT to T2DM is accelerated in PCOS patients [24]. 
Accordingly, here, we demonstrated the conversion of predia-
betes to diabetes in 3% of the participants during the follow-up 
period of 3 years. Furthermore, a similar study performed in 
women with PCOS and IGT reported that the conversion 

TABLE  2. Predictors and diagnostic markers of incident 
prediabetes in women with PCOS (n=148)

Covariates OR
95% CI for OR

p value
Lower Upper

Waist circumference 3.463 2.065 5.718 <0.001
Fasting glucose 2.658 1.876 4.832 <0.001
Fasting insulin 1.380 1.220 1.560 <0.001
HOMA-IR 2.628 1.535 4.498 <0.001
Glucose (120’ OGTT) 1.230 0.971 1.558 0.086
Insulin (120’ OGTT) 1.008 1.005 1.012 <0.001
HbA1c 2.791 1.558 4.986 <0.001
Total cholesterol 1.035 0.624 1.714 0.895
TGs 1.071 0.672 1.707 0.772
HDL 1.172 2.348 4.156 0.006
LDL 0.960 0.601 1.533 0.864
CRP 3.286 1.299 8.312 0.012
LAP 1.009 1.003 1.016 0.005
TGs/HDL 0.715 0.479 1.067 0.101
25-OHD 0.795 0.724 0.880 <0.001
Smoking 0.819 0.377 1.781 0.614
Physical activity 0.908 0.622 1.325 0.616
Family history of diabetes 7.156 2.744 18.859 0.0491

Values are ORs (with 95% CIs) and reflect the associations of prediabe-
tes risk with investigated variables. Models were adjusted for prevalent 
prediabetes, age, and BMI. PCOS: Polycystic ovary syndrome; CI: Confidence 
interval; OR: Odds ratio; HOMA-IR: Homeostatic model assessment - insulin 
resistance; HbA1c: Hemoglobin A1c; TGs: Triglycerides; HDL: High-density 
lipoprotein; LDL: Low-density lipoprotein; CRP: C-reactive protein; LAP: Lipid 
accumulation product; 25-OHD: 25-hydroxyvitamin D; BMI: Body mass index

TABLE 3. Hazard ratios for incident prediabetes in women with PCOS (n=148)

Covariates Lowest tertile Middle tertile Highest tertile p for trend
n=148

CRP 0.9-1.0 mg/L 1.01-3.0 mg/L 3.01-5.8 mg/L
Model 1 Reference 1.09 (0.50-1.42) 1.28 (0.67-1.57) 0.008
Model 2 Reference 1.21 (0.47-1.63) 1.56 (0.53-1.93) <0.001

n=148
LAP 21-37.4 37.5-96 96.01-316.8
Model 1 Reference 1.37 (0.61-3.08) 1.41 (0.55-3.01) 0.121
Model 2 Reference 1.49 (0.67-4.12) 1.56 (0.71-4.85) 0.001

n=88
25-OHD 30.01-31.0 ng/ml 20.1-30.0 ng/ml 4-20 ng/ml
Model 1 Reference 0.81 (0.37-1.68) 1.29 (0.52-1.57) 0.023
Model 2 Reference 0.79 (0.41-1.53) 1.42 (0.40-1.99) 0.016

n=148
HOMA-IR 2.53-3.0 3.01-4.0 4.01-6.34
Model 1 Reference 1.53 (0.67-2.29) 1.65 (0.64-2.24) <0.001
Model 2 Reference 1.44 (0.58-2.33) 1.57 (0.56-2.31) <0.001

Data are HRs (95% CI). HRs and 95% CIs of continuous variables were estimated by Cox proportional hazards models. The values reflect the associations 
of tertiles of CRP, LAP, and HOMA-IR with risk of prediabetes, compared to the lowest tertile and tertiles of 25-OHD compared to the highest tertile. 
Rate is defined as the rate of incident diabetes per 1000 person-years. Model 1 is adjusted for age, BMI, education, smoking, and physical activity. 
Model 2 is adjusted for age, BMI, education, smoking, physical activity, and waist circumference. All models are adjusted for prevalent prediabetes. 
P value for trend across quartiles is noted. HR: Hazard ratio; PCOS: Polycystic ovary syndrome; CRP: C-reactive protein; LAP: Lipid accumulation product; 
25-OHD: 25-hydroxyvitamin D; HOMA-IR: Homeostatic model assessment - insulin resistance; CI: Confidence interval; BMI: Body mass index
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rates of prediabetes to diabetes ranged from 6% over 3 years to 
13.4% over the period of 8 years in older women [24].

Interestingly, women who are obese, especially those 
with PCOS, have been recognized as specific high-risk sub-
groups for further development of prediabetes, T2DM, and 
potentially CVD [25]. Similarly, our results also showed that 
the incident prediabetes was more common in the PCOS 
patients with elevated BMI as compared to the participants 
with normal body weight. Women with PCOS with a posi-
tive family history of both T2DM and PCOS had an adverse 
metabolic and endocrine profile, including a linear increase 
in the risk of obesity, central fat accumulation, metabolic syn-
drome, prediabetes, and low HDL levels [26]. In accordance 
with these studies, our results showed that the positive family 
history of diabetes was more common in the PCOS patients 
with elevated BMI as compared to the participants with nor-
mal body weight. Likewise, the HOMA-IR, HbA1c, CRP, LAP, 
and 25-OHD levels were significantly associated with obesity. 
Furthermore, obesity significantly increased the incidence of 
prediabetes in the women with PCOS.

Smith-Marsh reported that the lifestyle improvement, 
including weight loss and increased physical activity, was 
effective in reducing the conversion of IGT to T2DM by 
58% [27]. According to our results, a significantly higher num-
ber of non-diabetic women with PCOS were physically active 
as compared to the lower number of the PCOS patients who 
developed T2DM.

Adolescents with PCOS in South China had more meta-
bolic abnormalities such as prediabetes, IR, hyperinsulinemia, 
dyslipidemia, and metabolic syndrome than their age-  and 
BMI-matched non-PCOS counterparts [28]. Our study 
showed that the levels of LDL, total cholesterol, LAP, HDL/
TG ratio, CRP, TGs, HOMA-IR, as well as glucose and insulin 
levels at 2 hours after OGTT were significantly higher in the 
PCOS group with elevated BMI as compared to the PCOS 
group with normal body weight.

Furthermore, our data showed that the PCOS patients 
with incident prediabetes had similar frequencies of men-
strual irregularity, hirsutism, echo-sonographic finding, smok-
ing status, and educational status as the PCOS participants 
without incident prediabetes. However, the women with 
PCOS with incident prediabetes had significantly higher lev-
els of fasting glucose, fasting insulin, HOMA-IR, HbA1c, LAP, 
BMI, and DHEA-S, as well as lower levels of 25-OHD than the 
women with PCOS without incident prediabetes. Many stud-
ies showed similar results [3,29,30].

One-third of T2DM cases can be associated with ele-
vated serum CRP. These findings substantiate a role of CRP 
as a possible candidate biomarker for early T2DM risk detec-
tion [31]. This was in line with our results, which also demon-
strated a significant association between the CRP levels and 

prediabetes incidence. Interestingly, our data showed a signif-
icant association of CRP levels with the waist circumference, 
and the levels of fasting insulin, total cholesterol, LDL, LAP, 
HbA1c and fasting glucose in the women with PCOS. This 
is in line with the fact that women with PCOS often suffer 
from various metabolic disturbances. One of the emerging 
cardiovascular risk factors is LAP. A recent study performed 
by Wehr et al. [32] found that women with PCOS had signifi-
cantly higher LAP levels than control group in age-adjusted 
analyses. Furthermore, they reported that OR for IGT in 
women with PCOS in the highest LAP quartile was signifi-
cantly different compared to women with PCOS in the lowest 
LAP  [32]. Our results showed that after adjusting for con-
founding, LAP was significantly associated with the incident 
prediabetes According to Wiltgen et al., LAP levels were bet-
ter predictor than BMI for identifying adults at cardiovascular 
risk [33]. Furthermore, the cross-sectional study performed 
by Roa Barrios et  al. [34] demonstrated that women with 
PCOS showed significantly higher values of the TG/HDL-
cholesterol (HDL-C) ratio than women without PCOS, which 
is closely related to waist circumference and IR. Thus, the TG/
HDL-C ratio could be considered as a useful and practical 
method to identify an increased risk of CVD in patients with 
PCOS. Here, we also found a significant relationship of LAP 
with BMI, waist circumference, HbA1c, total cholesterol, TGs, 
HDL, LDL, and TGs/HDL ratio.

The results of a recent study performed in U.S. adults sug-
gested that lower serum 25-OHD levels are associated with 
prediabetes development [35,36]. Recently, it was also demon-
strated that 25-OHD deficiency may play a role in exacerbating 
PCOS and that there may be a place for 25-OHD supplemen-
tation in the management of this syndrome [37]. Furthermore, 
Li et al. [38] demonstrated correlations of 25-OHD status with 
insulin sensitivity, HDL-C, and CRP in PCOS patients, which 
support the increasing evidence that 25-OHD deficiency is 
associated with multiple metabolic risk factors in women with 
PCOS. Our results also demonstrated a significant association 
between the 25-OHD levels and prediabetes incidence in the 
women with PCOS, where the 25-OHD levels were inversely 
associated with the development of prediabetes, suggest-
ing a potential benefit of 25-OHD supplementation in these 
patients.

Cardiovascular risk is very often associated with PCOS 
and with its metabolic disorders [3-5,39]. Our data showed a 
high risk of developing CVD in the women with PCOS asso-
ciated with prediabetes incidence.

This study has some limitations. We were not able to 
evaluate vascular endothelial function in the women with 
PCOS. If available, this analysis would potentially lead to bet-
ter understanding of CVD development in PCOS patients. 
Furthermore, additional studies are necessary to confirm 
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the potential benefits of 25-OHD supplementation in PCOS 
patients. Importantly, these strategies may potentially prevent 
the development of prediabetes and its progression into an 
overt diabetes, as well as hinder the development of cardio-
vascular complications in women with PCOS.

This study has a number of strengths including the longitu-
dinal design. The prospective nature of the study ensured that 
all metabolic measurements were assessed blind to the even-
tual later prediabetes diagnosis. Furthermore, we were able to 
analyze a large number of covariates.

CONCLUSION

To the best of our knowledge, this follow-up study is one 
of the rare studies in which prediabetes incidence and cardio-
vascular risk were estimated in women with PCOS using a 
comprehensive set of hormonal, metabolic, and inflammation 
parameters and anthropometric measures.

Our results demonstrated a high incidence of prediabetes 
in women with PCOS and its association with high BMI, IR, 
markers of inflammation, LAP, and low serum 25-OHD con-
centration. IR appears to be more relevant than the other pre-
dictors of prediabetes risk in this study. The risk of developing 
CVD according to prediabetes incidence in the women with 
PCOS was high. Women with PCOS are considered a high-
risk population for prediabetes.
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SUPPLEMENTAL TABLE 

SUPPLEMENTAL TABLE 1. The clinical and laboratory characteristics of study population according to BMI

Variable Total population PCOS women with normal body 
weight (BMI≤25 kg/m2)

PCOS women with elevated 
BMI (BMI>25 kg/m2) p value

Number3 148 (100) 57 (38.5) 91 (61.5)
Age (years)2 26.84 (20-40) 26 (21-39) 27 (20-40) 0.401
Weight (kg)1 78.41 (14.13) 64.71 (5.17) 86.98 (10.79) <0.001
BMI (kg/m2)1 27.94 (4.69) 23.22 (1.27) 30.90 (3.47) <0.001
Waist circumference (cm)1 90.78 (14.52) 77.00 (3.41) 99.41 (11.89) <0.001
Cholesterol (mmol/L)1 5.60 (0.81) 5.16 (0.75) 5.88 (0.72) <0.001
TGs (mmol/L)1 2.30 (0.82) 1.83 (0.34) 2.60 (0.90) <0.001
HDL (mmol/L)1 1.00 (0.20) 1.04 (0.22) 0.98 (0.19) 0.105
LDL (mmol/L)1 3.68 (0.96) 3.01 (0.77) 4.10 (0.82) <0.001
LAP1 80.94 (54.79) 34.31 (7.15) 110.15 (51.31) <0.001
TGs/HDL1 2.44 (1.12) 1.87 (0.65) 2.79 (1.20) <0.001
CRP (mg/L)1 3.03 (1.28) 2.30 (1.09) 3.49 (1.18) <0.001
Serum fasting glucose (mmol/L)1 5.32 (0.75) 4.92 (0.28) 5.57 (0.85) <0.001
Fasting insulin (pmol/L)1 87.06 (14.46) 65.51 (12.25) 118.03 (35.73) <0.001
Glucose (120’ OGTT) mmol/L1 5.72 (1.47) 6.06 (0.78) 5.51 (1.74) <0.001
Insulin (120’ OGTT) pmol/L1 320.22 (146.58) 210.03 (62.27) 389.24 (142.04) <0.001
HbA1c (%)1 5.77 (0.36) 5.64 (0.39) 5.85 (0.31) 0.001
HOMA-IR 4.01 (0.88) 3.39 (0.53) 4.39 (0.84) <0.001
FSH (IU/L)1 5.82 (1.94) 5.25 (2.06) 6.18 (1.78) 0.001
LH (IU/L)1 15.75 (4.87) 14.34 (5.02)  16.64 (4.58) 0.005
LH/FSH1 2.84 (0.87) 2.98 (1.06)  2.75 (0.71) 0.399
Estradiol (pmol/L)1 142.01 (83.87) 147.38 (114.23)  138.64 (57.80) 0.134
Progesterone (nmol/L)1 12.11 (5.40) 15.00 (4.55)  10.30 (5.12) <0.001
Testosterone (nmol/L)1 2.81 (0.94) 2.88 (0.98)  2.76 (0.91) 0.519
Androstenedione (ng/ml)1 2.79 (0.96) 3.09 (1.04)  2.60 (0.87) 0.002
DHEAS (mcg/dl)1 367.12 (78.96) 374.03 (80.16)  362.80 (78.33) 0.417
SHBG (nmol/L)1 14.93 (5.33) 15.19 (6.39)  14.78 (4.57) 0.594
25-OHD (ng/ml)1 11.64 (7.21) 14.76 (8.28)  10.02 (6.05) 0.494
Menstrual irregularity3  74 (50)  26 (46)  48 (53) 0.250
Hirsutism3  84 (57)  31 (54)  53 (58) 0.140
PCO/echo-sonography3  73 (49)  33 (58) 40 (44) 0.069
Smoking status3  33 (22)  17 (30) 16 (18) 0.080
Physical activity3  95 (64)  56 (98) 39 (43) <0.001
Family history of diabetes3  34 (23)  2 (4) 32 (35) <0.001
Education status3  118 (80)  57 (100) 61 (67) <0.001
Incident diabetes3  5 (3)  0 5 (5) 0.024
Prevalent prediabetes3  18 (12)  2 (4) 16 (18) <0.001
Incident prediabetes3  47 (32)  4 (7) 43 (57) <0.001
Incident prediabetes4  4.7/1000  0.7/1000 4/1000 <0.001

Values are expressed as 1means (SD), 2medians (95% range), 3absolute numbers (percentages) or 4rate per 1000 person-years. Continuous vari-
ables were transformed (logarithmical, square root, inversion) to normalize distribution. Group’s means were compared with Student’s t-tests. 
Categorical variables were analyzed by Chi-square test. BMI: Body mass index; PCOS: Polycystic ovary syndrome; TGs: Triglycerides; HDL: High-density 
lipoprotein; LDL: Low-density lipoprotein; LAP: Lipid accumulation product; CRP: C-reactive protein; OGTT: Oral glucose tolerance test; 
HbA1c: Hemoglobin A1c; HOMA-IR: Homeostatic model assessment - insulin resistance; FSH: Follicle-stimulating hormone; LH: Luteinizing hormone; 
DHEAS: Dehydroepiandrosterone sulfate; SHBG: Sex hormone-binding globulin; 25-OHD: 25-hydroxyvitamin D; SD: Standard deviation


