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Abstract

Background: Polycystic ovary syndrome (PCOS) is considered a risk factor for the 
development of type 2 diabetes mellitus (T2DM). However, which is the most appropriate 
way to evaluate dysglycemia in women with PCOS and who are at increased risk are as 
yet unclear.
Aim of the study: To determine the prevalence of T2DM, impaired glucose tolerance (IGT), 
and impaired fasting glucose (IFG) in PCOS women and potential factors to identify those 
at risk.
Subjects and methods: The oral glucose tolerance test (OGTT), biochemical/hormonal 
profile, and ovarian ultrasound data from 1614 Caucasian women with PCOS and 
362 controls were analyzed in this cross-sectional multicenter study. The data were 
categorized according to age and BMI.
Results: Dysglycemia (T2DM, IGT, and IFG according to World Health Organization criteria) 
was more frequent in the PCOS group compared to controls: 2.2% vs 0.8%, P = 0.04; 9.5% 
vs 7.4%, P = 0.038; 14.2% vs 9.1%, P = 0.002, respectively. OGTT was essential for T2DM 
diagnosis, since in 88% of them basal glucose values were inconclusive for diagnosis. 
The presence of either T2DM or IFG was irrespective of age (P = 0.54) and BMI (P = 0.32), 
although the latter was associated with IGT (P = 0.021). There was no impact of age and 
BMI status on the prevalence of T2DM or IFG. Regression analysis revealed a role for age, 
BMI, fat deposition, androgens, and insulin resistance for dysglycemia. However, none of 
the factors prevailed as a useful marker employed in clinical practice.
Conclusions: One-third of our cohort of PCOS women with either T2DM or IGT displayed 
normal fasting glucose values but without confirming any specific predictor for dysglycemic 
condition. Hence, the evaluation of glycemic status using OGTT in all women with PCOS is 
strongly supported.

-21-0358

Key Words

 f polycystic ovary syndrome

 f diabetes

 f insulin resistance

 f androgens

 f age

 f impaired glucose tolerance

ID: 21-0358
11 4

210358

210358

Endocrine Connections
(2022) 11, e210358

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.https://doi.org/10.1530/EC-21-0358

https://ec.bioscientifica.com © 2022 The authors
Published by Bioscientifica Ltd

Downloaded from Bioscientifica.com at 03/01/2023 10:56:48AM
via Universita di Studi Bologna, Bib Ctr Clinica Universita di Studi Bologna, Universita di Studi Bologna, University of Bologna ( Univ Degli Studi di Bologn and Universita' di Bologna

http://orcid.org/0000-0001-9594-1521
mailto:sarantislivadas@gmail.com
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-21-0358
https://ec.bioscientifica.com


S Livadas et al. PCOS and diabetes e210358

PB–XX

11:4

Introduction

Polycystic ovary syndrome (PCOS), a multifaceted, ever-
changing disease, constitutes a common disorder in women 
of reproductive age. The standard view is that during 
the first decades of reproductive life, hyperandrogenic 
symptoms, accompanied by oligomenorrhea, dominate the 
clinical picture followed by metabolic disorders including 
dysglycemia and dyslipidemia later in life (1). Moreover, 
progression of normoglycemia to either intermediate 
hyperglycemia or diabetes mellitus (T2DM) has been 
observed in prospective studies of large PCOS cohorts of 
mostly obese women (2, 3), since the two preconditions for 
T2DM development are encountered in PCOS. Specifically, 
profound insulin resistance (IR) constitutes a key player 
underlying PCOS and has been implicated in syndrome 
pathophysiology (4, 5). Meanwhile, the prevalence of 
pancreatic ß-cell dysfunction is much higher in women 
suffering from PCOS by comparison to their normal 
ovulating, non-hyperandrogenic peers (6).

However, there is controversy as to whether PCOS in 
itself is a risk factor for T2DM, as suggested in some studies, 
or whether, as proposed by others, T2DM predominantly 
occurs in the context of obesity (7, 8, 9). A recent meta-
analysis of genetic studies suggests that there is no 
inherent T2DM risk in PCOS and that, instead, it is a result 
of either increased BMI, of androgens, and/or of low sex 
hormone-binding globulin (SHBG) values (10). However, 
PCOS constitutes a polygenic trait and the clusters of genes 
leading to metabolic disturbances including T2DM are 
different to those associated with overt hyperandrogenic 
signs (11).

Several guidelines suggest regular assessment of 
glycemic status in PCOS populations but without 
consensus on the optimal method to detect potential 
dysglycemia (12). Moreover, the most accurate means for 
testing hyperglycemia including fasting plasma glucose 
(FPG), oral glucose tolerance test (OGTT), or hemoglobin 
A1c (HbA1c) has to be clarified (13). Several studies have 
been carried out on this issue over the last decades with 
conclusions compromised by a number of methodological 
limitations. The current state of uncertainty could be 
attributed to the different diagnostic criteria for PCOS, 
small number of studied subjects, lack of control groups, 
and racial or ethnic differences (14). Moreover, a diversity 
of IR values in PCOS women has been observed over the 
years appearing to improve in lean subjects but to worsen 
in obese (15, 16).

In an attempt to overcome these obstacles and 
elucidate the issue, we carried out a large cross-sectional 

study of glycemic status in 1614 PCOS women and 362 
normally ovulating, non-hyperandrogenic women, who 
served as controls. To the best of our knowledge, this is the 
largest cohort of women of Caucasian origin from Europe 
recruited for the purpose of evaluating glycemic status in 
PCOS. Our aim was to report the prevalence of dysglycemia 
in this cohort and to pinpoint potential factors that could 
improve differentiation between PCOS women likely to 
develop T2DM and those with minimal risk.

Research design and methods

Subjects

The subjects comprised all women diagnosed with PCOS 
between 2008 and 2019 at the following centers: (i) the 
Gynecological Endocrinology Infirmary of the Second 
Department of Obstetrics and Gynecology, Aristotle 
University of Thessaloniki, Greece; (ii) the Clinic of 
Endocrinology, Diabetes, and Metabolic Diseases, 
Faculty of Medicine, University of Belgrade, Serbia; 
(iii) the Department of Endocrinology and Diabetes, 
Hellenic Red Cross Hospital, Athens, Greece; (iv) the 
Department of Endocrinology, Diabetology, and Isotope 
Therapy, University of Medicine, Wrocław, Poland; (v) the 
Endocrine Unit, Metropolitan Hospital, Athens, Greece; 
(vi) the Department of Endocrinology, Ushate ‘acad. IV. 
Penchev’, Sofia, Bulgaria. In total, data from 1614 women 
with PCOS were collected. Diagnosis of PCOS was based on 
the Rotterdam criteria. The control group was composed 
of 362 normally ovulating, non-hyperandrogenic 
women. The women in the control group were healthy 
volunteers with normal ovulating cycles (28 ± 2 days, 
blood progesterone levels >10 ng/mL in the luteal phase of 
two consecutive cycles), no signs of hyperandrogenism or 
hyperandrogenemia, and normal sonographic appearance 
of the ovaries.

We excluded women with galactorrhea or any other 
endocrine or systemic disease that could possibly affect 
the reproductive physiology from the total study group. 
We also excluded women with reported use during the 
previous semester of any medication that could interfere 
with the normal function of the hypothalamic–pituitary–
gonadal axis, including metformin.

In all subjects, BMI, waist-to-hip ratio (WHR), and 
degree of hirsutism (Ferriman–Gallwey score (FG)) were 
evaluated, and glucose, lipids (HDL, LDL, triglycerides, 
and cholesterol), insulin, gonadotropins (luteinizing 
hormone (LH) and follicle-stimulating hormone (FSH)), 
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estradiol (E2), and androgen levels were measured. 
Menstrual cyclicity was recorded via a detailed history of 
the menstrual cycles of the previous year. Baseline blood 
samples were taken and an OGTT was performed in the 
same morning after an overnight fast. Insulin and blood 
glucose levels were measured at baseline and at 30, 60, 
and 120 min after oral ingestion of a glucose load of 75 g 
anhydrous glucose dissolved in water. On the same day, 
abdominal or transvaginal ultrasonography was performed 
and ovarian morphology as well as ovarian volume was 
evaluated. HbA1c values were obtained in 442 women  
with PCOS.

Diagnosis of T2DM was based on the American Diabetes 
Association (ADA) criteria (17). Namely, on the basis of 
FPG levels, levels <100 mg/dL (5.6 mmol/L) were normal, 
values ranging from 100 to 125 mg/dL were impaired 
fasting glucose (IFG), and values of 126 mg/dL or higher 
than 126 mg/dL (7.0 mmol/L) were T2DM. An additional 
categorization of IFG according to WHO criteria (110–125 
mg/dL, 6.1–7 mmol/L) was added (18). Considering OGTT, 
as normal values post-glucose load was defined as values 
below 140 mg/dL (7.8 mmol/L), IGT as values between 140 
199 mg/dL, and DM as values of 200 mg/dL (11.1 mmol/L) 
or higher. Regarding HbA1c results, subjects were classified 
as ‘normal’ if HbA1c was <5.7%, ‘increased risk for diabetes’ 
if HbA1c was 5.7–6.4%, or ‘diabetic if HbA1c was >6.5% 
based on the ADA criteria (17).

Το define the distinctive characteristics of the patients 
of interest according to age group, all subjects were divided 
into three different age subgroups. Group A represented 
adolescent and young women, with the age limits being 
17–25 years of age (n  = 628); Group B included women 
of reproductive years, namely, from 26 to 35 years of age 
(n  = 650); and Group C corresponded to women of late 
reproductive age, specifically, from 36 years to menopause 
(n  = 36). Regarding obesity status, patients were stratified 
according to their BMI, including normal weight (NW), 
overweight (OW), and obese (OB), the corresponding 
BMI values ranging from 20 to 24.9, from 25 to 29.9, and  
>30 kg/m2, respectively.

Biochemical measurements

Blood samples were collected from all patients and 
healthy controls between 08:00 h and 10:00 h after an 
overnight fast. All samples were obtained during the early 
follicular phase of their menstrual cycle or at any time in 
amenorrheic subjects with progesterone levels <5 ng/mL. 
Samples were immediately centrifuged and serum was 
stored at −80°C until assayed. Hormonal samples were 

evaluated in the same lab of each center. The assays and 
ultrasound measurements employed have been described 
in detail elsewhere (16). Briefly, plasma fasting glucose 
was determined by the glucose oxidase color method 
(Glucose LR, GOD-PAP; Linear Chemicals, Barcelona, 
Spain). HbA1C was measured in venous blood by the D10 
Hemoglobin testing system (Bio-Rad laboratories) that is 
based on cation exchange HPLC. Measurements of serum 
total cholesterol, HDL, and triglycerides were performed 
using the Siemens Advia 1650 Clinical Chemistry System 
(Siemens Medical Solutions). Insulin was measured using 
a solid-phase enzyme-amplified sensitivity immunoassay 
(INS-EASIA; Biosource Technologies, Nivelles, Belgium). 
Total testosterone was measured by ELISA (testosterone 
enzyme immunoassay test kit, LI7603; Linear Chemicals). 
SHBG serum levels were measured by ELISA (SHBG ELISA, 
MX 520 11; IBL, Hamburg, Germany). Androstenedione 
(Δ4A) was measured by RIA using active androstenedione-
coated tube RIA kit DSL 3800 (Diagnostic Systems 
Laboratories, Webster, TX, USA). DHEAS serum levels 
were measured by DSL DHEAS RIA kit (Diagnostic Systems 
Laboratories). LH and FSH were measured using the LHsp 
and FSH IRMA kits from Biosource Technologies. E2 was 
measured by RIA (Immunometrics, London, UK).

The intra- and inter-assay coefficients of variation for 
low and high levels, respectively, were (i) 3.0 and 5.3% and 
4.5 and 9.5% for insulin, (ii) 5.0 and 6.4% and 4.4 and 8.4% 
for total testosterone, (iii) 3.0 and 5.3% and 7.2 and 8.4% 
for SHBG, (iv) 6.5 and 8.8% and 3.5 and 4.5% for LH, (v) 2.7 
and 5.3% and 1.6 and 3.6% for FSH, (vi) 9.4 and 6.3% and 
9.6 and 9.9% for DHEAS, and (vii) 5.6 and 2.8% and 9.8 and 
7.0% for Δ4A. Free androgen index (FAI) was determined as 
follows: testosterone (nmol/L) × 100/SHBG (nmol/L). The 
homeostasis model assessment of IR index (HOMA-IR) 
was calculated as follows: fasting insulin (mIU/L) × glucose 
(mg/dL)/405. In centers using different assays for hormonal 
evaluation, standardization of measurements was carried 
out among labs and a 5% variation in results was observed. 
In cases of uncertainty, these results were not included in 
the analysis.

Ovarian ultrasonography

Studies were performed during the follicular phase 
in ovulatory subjects. Three-dimensional ovarian 
morphology and size were determined and recorded, 
in each case by the same operator at each center, and 
all sonographic records were reviewed and scored by a 
third sonographer for the statistical analysis assessment 
according to the Rotterdam criteria.
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Ethics

Informed consent was obtained from all women and the 
institutional review board of all participating hospitals 
approved the study. The study met the requirements of the 
1975 Declaration of Helsinki.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics 
for Windows (Released 2017, Version 25.0., IBM Corp). 
Variables were assessed for normality by evaluation 
of histograms and by the Kolmogorov–Smirnov test. 
Differences between groups were assessed using Fisher’s 
exact test for categorical variables, the Mann–Whitney U-test 
for quantitative non-normally distributed variables, and 
Student’s t-test for normally distributed variables. Overall, 
comparisons of continuous variables between groups were 
carried out by using ANOVA or the Kruskal–Wallis test. 
Correlations were assessed by Pearson’s or Spearman’s 
correlation coefficient (r). Associations of outcomes with 
continuous or dichotomic variables were assessed in linear 
and logistic regression models, respectively. A probability 

value of P  < 0.05 was considered statistically significant for 
all tests. To visualize the prognostic value of the different 
anthropometric, biochemical, and hormonal parameters, 
120-min glucose receiver–operator characteristic (ROC) 
curves were created using the ‘ROC’ application of the 
SPSS, and the respective under the curve areas (AUC) were 
calculated.

Results

The prevalence of dysglycemia was significantly higher 
in the PCOS group compared to controls. Specifically, for 
T2DM it was 2.2% vs 0.8%, P = 0.04; for IGT it was 9.5% vs 
7.4%, P = 0.038; and for IFG it was 14.2% vs 9.1%, P = 0.002. 
Women with PCOS were younger but more OB than 
controls and exhibited a higher degree of dyslipidemia, 
IR, and hyperandrogenism (clinical and biochemical), as 
well as increased ovarian volume compared to controls. 
Pertinent findings of the two groups are depicted in Table 1. 
Regarding PCOS characteristics, anovulation was reported 
in 47.3%, hirsutism in 56.2%, acne in 23.7%, and PCOS 
morphology on ultrasound in 87.5% of the PCOS group. 

Table 1 Prevalence of dysglycemia, metabolic and hormonal profiles, and ovarian volume in women with PCOS and controls.

PCOS (n  = 1614) Controls (n  = 362) P

Age (years) 25.14 ± 5.56 30.36 ± 5.96 0.027
BMI (kg/m2) 27.34 ± 7.09 25.49 ± 5.97 <0.001
WHR 0.79 ± 0.08 0.78 ± 0.06 0.052
FG score 10.34 ± 3.76 4.24 ± 1.23 <0.001
IFG >100 mg/dL (%) 31.0 30.6 0.035
IFG >110 mg/dL (%) 14.2 9.11 0.002
IGT (%) 10.1 7.45 0.038
T2DM (%) 1.2 0.82 0.041
Glucose 0’ (mg/dL) 96.02 ± 11.89 94.19 ± 12.58 0.011
Insulin (pmol/L) 12.96 ± 8.36 10.32 ± 9.17 0.002
HOMA-IR 3.17 ± 2.20 2.51 ± 1.27 <0.001
Glucose 120’ (mg/dL) 106.77 ± 29.32 104.48 ± 29.66 0.200
Cholesterol (mmol/L) 4.34 ± 0.73 4.05 ± 0.424 0.002
LDL (mmol/L) 2.91 ± 0.93 2.16 ± 0.62 0.001
HDL (mmol/L) 1.11 ± 0.29 0.95 ± 0.26 0.001
Triglycerides (mmol/L) 1.16 ± 0.31 0.98 ± 0.23 0.001
LH (IU/L) 8.62 ± 5.42 6.18 ± 3.43 0.001
FSH (IU/L) 5.89 ± 2.0.5 6.82 ± 2.44 <0.001
E2 (pmol/L) 229.02 ± 157.11 213.13 ± 124.28 0.032
Testosterone (nmol/L) 2.74 ± 1.38 0.36 ± 0.13 <0.001
SHBG (nmol/L) 43.47 ± 26.44 64.01 ± 33.70 <0.001
FAI 7.80 ± 6.32 2.51 ± 1.59 <0.001
DHEAS (nmol/L) 4.32 ± 1.34 2.18 ± 0.67 <0.001
Δ4A (nmol/L) 1.96 ± 0.78 0.94 ± 0.41 <0.001
Ovarian volume (cm3) 12.81 ± 3.42 6.24 ± 2.12 <0.001

E2, estradiol; FG, Ferriman–Gallway; FAI, free androgen index; FSH, follicle-stimulating hormone; HDL, high-density lipoprotein; HOMA-IR, homeostatic 
model assessment of insulin resistance; IFG, Impaired fasting glucose; IGT, Impaired glucose tolerance; LH, luteinizing hormone; LDL, low-density 
lipoprotein; SHBG, sex hormone-binding globulin; T2DMM, diabetes mellitus type 2; WHR, waist-to-hip ratio; Δ4A, androstenedione.
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HbA1c values were available in a subset of women with 
PCOS (27%) with a mean value of 5.32 ± 0.45%.

Women suffering from PCOS with either T2DM or IGT 
were more OB and more insulin resistant. They displayed a 
higher degree of dyslipidemia and WHR compared to those 
women with either IFG or normal glucose tolerance, as 
shown in Table 2. Of interest, BMI, HOMA-IR, insulin, and 
androgen levels were significantly higher in PCOS women 
with IGT compared to those with T2DM. When subjects 
with T2DM were compared to all other women with PCOS 
as a whole, it was found that WHR (0.83 ± 0.08 vs 0.78 ± 0.08, 
P = 0.04), HbA1C (7.2 ± 0.54 vs 5.35 ± 0.44), LDL (3.44 ± 0.72 
vs 2.90 ± 0.87, P = 0.03), and FAI (10.68 ± 9.72 vs 7.76 ± 6.25, 
P = 0.04) were significantly higher in those with T2DM.

The stratification of available data intra-PCOS 
according to age showed that the younger subjects were 
more hyperandrogenemic than their older counterparts, 
but the degree of dyslipidemia and IR was similar among 
groups. However, dysglycemia presenting either as IFG, 
IGT, and HbA1C was significantly increased in the older 
subgroup, although this was not the case for T2DM, as 
illustrated in Table 3. When the same type of analysis was 
carried out based on obesity status, it was observed that OB 
women with PCOS showed worse hormonal and metabolic 

profile than their normal-weight peers, and they had a 
higher prevalence of either IFG or IGT, but not of T2DM, 
in comparison to the other subgroups (Table 4). Age 
stratification of glycemic status in controls did not reach 
statistical significance among subgroups.

When the prevalence of T2DM was stratified according 
to age and BMI simultaneously, no difference was found 
among age and BMI subgroups. Specifically, in patients 
aged 17–22 years, T2DM was detected in three lean and two 
OB subjects. The corresponding distribution for patients 
aged 22–30 years was four lean, one OW, and two OB, 
whereas in those older than 31 years, two OW and five 
OB suffered from T2DM (Fig. 1A), and a similar result was 
obtained when the same type of analysis was conducted 
regarding IFG prevalence (Fig. 1C). However, regarding IGT 
the highest prevalence was found in those women in the 
highest third tile of both age and BMI (Fig. 1B). In control 
groups T2DM, IGT, and IFG prevalence was higher in older 
and more OB subjects.

OGTT was essential for accurate T2DM diagnosis since 
15 of 17 subjects with T2DM had basal glucose values lower 
than the cut-off value of 124 mg/dL. As depicted in Fig. 2, 
FPG values were not sufficiently diagnostically accurate 
to identify subjects with either IGT or T2DM. In fact, FPG 

Table 2 Comparison of PCOS characteristics among women with PCOS classified according to their glycemic status.

Variable T2DM IGT IFG (ADA) NGT

Age (years) 26.68 ± 6.58 26.23 ± 5.97 25.28 ± 5.44 25.04 ± 5.60
BMI (kg/m2) 28.91 ± 3.65a,b,c 31.04 ± 9.25d,e 26.96 ± 6.69 26.53 ± 6.64
WHR 0.84 ± 0.08a,b,c 0.82 ± 0.08d,e 0.79 ± 0.07 f 0.76 ± 0.07
FG score 10.32 ± 4.36 10.81 ± 2.27 11.15 ± 4.56 11.23 ± 3.68
Glucose 0’ (mg/dL) 105.57 ± 18.44c 103.64 ± 11.22e 108.46 ± 6.40f 88.68 ± 7.17
Glucose 120’ (mg/dL) 217.37 ± 18.5a,b,c 156.97 ± 14.27d,e 120.33 ± 31.43f 95.25 ± 20.55
Insulin (pmol/L) 14.82 ± 5.36a 15.11 ± 8.52d,e 13.39 ± 10.13 14.31 ± 10.31
HOMA-IR 3.88 ± 2.48a,b,c 4.49 ± 2.09d,e 3.26 ± 1.89f 2.79 ± 1.87
HbA1C (%) 7.2 ± 0.54a,b,c 6.1 ± 0.67e 5.9 ± 0.48f 5.2 ± 0.73
Cholesterol (mmol/L) 5.23 ± 0.85a,b,c 4.89 ± 0.84d,e 4.63 ± 0.92 4.68 ± 0.90
LDL (mmol/L) 3.44 ± 0.72a,b,c 3.06 ± 0.77e 3.11 ± 0.90f 2.80 ± 0.85
HDL (mmol/L) 1.49 ± 1.14a,b 1.34 ± 0.51 1.32 ± 0.50 1.25 ± 0.69
Triglycerides (mmol/L) 1.15 ± 0.65 1.18 ± 0.64 1.17 ± 0.69 1.01 ± 0.54
LH (IU/L) 10.17 ± 5.32 11.31 ± 5.23 9.11 ± 7.35 8.91 ± 5.33
FSH (IU/L) 7.24 ± 2.37 6.80 ± 3.43 6.46 ± 3.44 6.51 ± 3.22
E2 (pmol/L) 234.67 ± 132.4 221.133 ± 144.3 231.52 ± 138.3 223.13 ± 114.9
Testosterone (nmol/L) 2.50 ± 0.99a 2.94 ± 1.33d,e 2.38 ± 0.12 2.41 ± 1.43
SHBG (nmol/L) 35.42 ± 22.93b,c 34.52 ± 18.29d,e 63.30 ± 34.81 46.01 ± 29.08
FAI 2.67 ± 0.49a,c 3.46 ± 2.47d,e 2.81 ± 1.86f 1.04 ± 1.30
DHEAS (nmol/L) 3.00 ± 1.64a,b,c 4.15 ± 2.32 3.78 ± 2.01f 4.61 ± 4.06
Δ4A (nmol/L) 1.04 ± 0.53b 0.93 ± 0.35d 1.74 ± 0.47f 0.95 ± 0.43
Ovarian volume (cm3) 13.31 ± 4.41 12.11 ± 5.42 11.92 ± 4.53 12.44 ± 4.89

aStatistical significance, P  < 0.05 between T2DM vs IGT; bStatistical significance, P  < 0.05 between T2DM vs IFG; cStatistical significance, P  < 0.05 between 
T2DM vs NGT; dStatistical significance, P  < 0.05 between IGT vs IFG; eStatistical significance, P  < 0.05 between IGT vs NGT; fStatistical significance, P  < 0.05 
between IFG vs NGT.
E2, estradiol; FG, Ferriman–Gallway; FAI, free androgen index; FSH, follicle-stimulating hormone; HDL, high-density lipoprotein; HOMA-IR, homeostatic 
model assessment of insulin resistance; IFG, Impaired fasting glucose; IGT, Impaired glucose tolerance; LH, luteinizing hormone; LDL, low-density 
lipoprotein; SHBG, sex hormone-binding globulin; T2DMM, diabetes mellitus type 2; WHR, waist-to-hip ratio; Δ4A, androstenedione.
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missed more than one-third of women with dysglycemia. 
Specifically, among 163 patients with IGT, 108 of them 
(66.26%) had IFG, and the corresponding value for the 
19 patients with T2DM was 12 (63.16%). Overall, among 
182 patients with abnormal responses to OGTT, 62 had 
normal FPG (34.07%). Although, HbA1C values were not 
available in all women with PCOS, among those with IGT 
HbA1c was indicative of increased risk for diabetes in the 
vast majority of them (63.45%), but not for those with IFG 
(44.21%). Finally, regarding T2DM, data were insufficient 
for analysis

Considering the factors related to dysglycemia in 
PCOS, as reflected in glucose values post OGTT load, the 
univariate analysis demonstrated a significant positive 
association with BMI (r = 0.215, P  < 0.001), WHR (r = 0.126, 
P  < 0.001), fasting glucose (r = 0.377, P  < 0.001), HbA1C 
(r = 0.301, P  < 0.001), insulin (r = 0.119, P  < 0.001), HOMA-IR 
(r = 0.238, P  < 0.001), cholesterol (r = 0.086, P  < 0.001), LDL 
(r = 0.156, P  < 0.001), triglycerides (r = 0.106, P  < 0.001), 
testosterone (r = 0.090, P  < 0.001), and FAI (r = 0.198,  
P  < 0.001). On the contrary a negative association was 
noticed for HDL (r = −0.089, P  < 0.001) and SHBG values 
(r = −0.166, P  < 0.001),

From multivariate analysis, it was shown in three 
different models that the degree of dysglycemia was 
significantly associated in Model 1 with BMI, LDL, and 
testosterone (R2 0.079), in Model 2 with BMI, HOMA-IR, 
and FAI (R2 0.073) and Model 3 with WHR, LDL, and SHBG 
(R2 0.68) (Table 5). Regarding factors specifically related 
to the diagnosis of T2DM, IGT, and IFG, ROC curves 
evaluating the effect of several parameters were assessed 
(Table 6). However, due to low AUC values and at least one 
time point per parameter, none of the tested characteristics 
was further evaluated as a good classifier.

Discussion

The present study evaluated a large cohort of women with 
PCOS and confirmed a number of important metabolic 
facts. First, the prevalence of dysglycemia defined either 
as T2DM, IGT, or IFG is significantly increased in women 
with PCOS compared to controls. However, age and BMI, 
alone or in combination, could not conclusively identify 
those women at increased risk for either T2DM or IGT. 
Furthermore, several parameters that were analyzed, such 

Table 3 Comparison of dysglycemia prevalence and PCOS characteristics among women with PCOS classified according to age 
subgroups.

Variable Group A (17–25 years, n = 628) Group B (26–35 years, n = 650) Group C (>35 years, n = 336)

AGE (years) 19.91 ± 1.53a,b 25.75 ± 1.96 33.74 ± 3.26
BMI (kg/m2) 26.51 ± 6.70b 26.69 ± 6.842c 30.16 ± 7.56
WHR 0.78 ± 0.09b 0.78 ± 0.06c 0.82 ± 0.08
FG score 14.154 ± 4.82a,b 12.54 ± 2.45c 8.21 ± 2.31
IFG ADA (%) 35.5b 36.0c 41.4
IFG WHO (%) 11.6b 11.1c 16.8
IGT (%) 7.5b 8.1c 16.4
T2DM (%) 1.1 0.8 2.1
Glucose 0’ (mg/dL) 95.46 ± 12.02 95.83 ± 11.95 97.47 ± 11.48
HbA1C (%) 5.2 ± 0.76b 5.4 ± 0.81c 5.6 ± 0.32 
Glucose 120’ (mg/dL) 105.91 ± 27.25b 105.28 ± 28.55c 111.30 ± 33.88
Insulin (pmol/L) 13.14 ± 8.21 12.67 ± 8.59 13.16 ± 8.21
HOMA-IR 3.14 ± 2.04 3.13 ± 2.31 3.29 ± 2.27
Cholesterol (mmol/L) 4.74 ± 0.92 4.75 ± 0.90 4.87 ± 1.05
LDL (mmol/L) 2.9 5 ± 0.82 2.86 ± 0.92 2.92 ± 0.85
HDL (mmol/L) 1.45 ± 0.59 1.45 ± 0.64 1.52 ± 0.71
Triglycerides (mmol/L) 1.06 ± 0.55 1.05 ± 0.52 1.09 ± 0.79
LH (IU/L) 10.22 ± 7.23a,b 7.91 ± 5.25 6.95 ± 4.69
FSH (IU/L) 5.82 ± 1.94 5.86 ± 1.78 6.10 ± 2.65
E2 (pmol/L) 214.46 ± 121.15 218.19 ± 131.54 221.42 ± 147.12
Testosterone (nmol/L) 2.75 ± 1.34b 2.84 ± 1.42c 2.52 ± 1.34
SHBG (nmol/L) 38.30 ± 20.93a,b 47.09 ± 29.67 46.66 ± 27.98
FAI 8.65 ± 6.65a,b 7.51 ± 6.28 6.72 ± 5.48
DHEAS (nmol/L) 4.30 ± 3.58b 4.55 ± 3.88c 3.59 ± 3.18
Δ4A (nmol/L) 0.9 6 ±0.41b 0.98 ± 0.41c 0.81 ± 0.39
Ovarian volume (cm3) 13.22 ± 6.53 12.82 ± 5.67 11.67 ± 4.32

aStatistical significance, P  < 0.05 between group A vs Group B; bStatistical significance, P  < 0.05 between group A vs Group C; cStatistical significance,  
P  < 0.05 between group B vs Group C.
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as lipids, androgens, IR, and ovarian volume, did not 
provide sufficient accuracy as potential discriminators of 
glycemic status within the PCOS population. Finally, since 
one-third of women with PCOS with either T2DM or IGT 
displayed normal fasting glucose values, there is a clear 
need for the evaluation of glycemic status by OGTT in this 
population.

The prevalence of dysglycemia in the present study 
was significantly higher in the PCOS group compared 
to controls (T2DM 2.2% vs 0.82%, P = 0.04; IGT 9.5% 
vs 7.45%; and P = 0.038, IFG 14.2% vs 9.11%, P = 0.002). 
The average prevalence of T2DM was 4.5% with the 
highest Europid prevalence in Nordic women in the fifth 
decade of life (19). This represents an exemption from 
the standard description of increased prevalence in the 
third decade of life. Explanation could be in the lack 
of longitudinal studies on metabolic profiles in PCOS 
women during the whole reproductive period or the 
impact of obesity. Finally, there are significant ethnic 
variations recently noticed (20, 21). The prevalence of 
IGT of 10.3% was below an average while the prevalence 
of IFG of 14.2% exceeded an average for the respective 
category for PCOS and healthy women of even older age 

(22). The heterogeneity of dysglycemia in these categories 
has not been fully elucidated. Various criteria applied for 
PCOS diagnosis in different ethnic groups analyzed, IFG 
definition used, as well as age and BMI distribution are 
likely to play a substantial role (23, 24).

One of the major tasks undertaken in the present study 
was to identify potential discriminators in women with 
PCOS prone to dysglycemia. However, regarding T2DM 
development age and BMI did not have any discriminatory 
role in our group, a finding not reported from other 
research groups (25, 26). Besides a smaller sample size 
in other studies, differences in ethnic origin and weight 
distribution should be considered as well. Namely, in the 
aforementioned study, NW PCOS patients were present in 
one-third while in our group those ones comprised almost 
half of the total groups, respectively (26).

Our older and OB PCOS patients had more prevalent IFG 
or IGT that is in line with other studies linking increasing 
age and BMI with prediabetes among women with PCOS 
(27, 28). However, considering these two factors together, 
they remained significant only in subjects with IGT, but 
not in IFG or T2DM (Fig. 1). This finding is compatible 
with that of several studies, showing that the prevalence of 

Table 4 Comparison of dysglycemia prevalence and PCOS characteristics among women with PCOS classified according to BMI 
subgroups.

Variable Normal weight Overweight Obese

AGE (years) 24.32 ± 4.89 25.34 ± 5.64 26.40 ± 6.29
BMI (kg/m2) 21.75 ± 2.12a,b 27.88± 1.40c 36.66 ± 4.92
WHR 0.75 ± 0.07a,b 0.80 ± 0.07 0.81 ± 0.07
FG score 12.21 ± 3.23a,b 11.24 ± 3.13 10.33 ± 3.42
IFG ADA (%) 33a,b 38.6c 42.7
IFG WHO (%) 10.4b 11.7c 16.4
IGT (%) 6.7a,b 9.4c 16.7
T2DM (%) 0.9 0.9 2
Glucose 0’ (mg/dL) 94.58 ± 11.36 96.53 ± 11.20 97.96 ± 11.92
HbA1C (%) 5.3 ± 0.44a,b 5.6 ± 0.42c 5.9 ± 0.73 
Glucose 120’ (mg/dL) 101.63 ± 26.79 107.83 ± 27.10 115.07 ± 33.16
Insulin (pmol/L) 9.70 ± 6.25a,b 13.43 ± 7.58c 18.29 ± 9.29
HOMA-IR 2.27 ± 1.44a,b 3.31 ± 1.98c 4.64 ± 2.61
Cholesterol (mmol/L) 4.67 ± 0.86b 4.79 ± 0.83 4.90 ± 1.08
LDL (mmol/L) 2.41 ± 0.83a,b 2.91 ± 0.75c 3.11 ± 0.73
HDL (mmol/L) 1.51 ± 0.56 1.50 ± 0.72 1.39 ± 0.67
Triglycerides (mmol/L) 0.96 ± 0.61b 1.08 ± 0.55c 1.51 ± 0.56
LH (IU/L) 9.97 ± 6.19a,b 7.41 ± 4.63 7.01 ± 5.02
FSH (IU/L) 6.03 ± 1.92 5.80 ± 1.81 5.72 ± 2.41
E2 (pmol/L) 238.62 ± 125.21 223.34 ± 124.52 218.78 ± 128.76
Testosterone (nmol/L) 2.57 ± 1.20a,b 2.87 ± 1.50 2.93 ± 1.53
SHBG (nmol/L) 53.23 ± 28.77a,b 37.13 ± 20.25c 27.98 ± 13.82
FAI 5.78 ± 4.15a,b 8.83 ± 6.20c 11.26 ± 8.23
DHEAS (nmol/L) 3.70 ± 2.88a,b 4.65 ± 3.90 4.91 ± 4.42
Δ4A (nmol/L) 0.95 ± 0.40 0.94 ± 0.43 0.91 ± 0.43
Ovarian volume (cm3) 12.32 ± 8.61 13.12 ± 5.62 11.87 ± 4.89

aStatistical significance, P  < 0.05 between NW vs OW; bStatistical significance, P  < 0.05 between NW vs OB; cStatistical significance, P  < 0.05 between OW vs OB.
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IGT was lower in lean compared to OB women with PCOS 
(29). Of interest, women with IGT were more OB, exhibited 
a worse metabolic hormonal profile, and were more 
insulin resistant than their peers with either T2DM or IFG  
(Table 2). Whether women with IGT represent a specific 
group or are in the process of developing T2DM cannot as 
yet be determined.

It could be hypothesized that PCOS women with 
IFG may represent a different population from those 
with IGT. In fact, isolated IFG is usually observed in 
subjects with predominantly hepatic IR and normal 
muscle insulin sensitivity, whereas individuals with 
isolated IGT have normal to slightly reduced hepatic 

insulin sensitivity and moderate to severe muscle IR (30). 
Consequently, subjects with IFG may be prone to T2DM 
development, whereas subjects with IGT may comprise 
patients in whom dysglycemia occurs as a consequence 
of hyperandrogenemia. Indeed, the detrimental effect of 
androgens in muscle insulin sensitivity in lean women with 
PCOS has been documented (31). The above hypothesis is 
further supported by the observation that women with 
IGT tend to be more hyperandrogenic and OB than their 
peers with IFG (Table 2).

The role of obesity should not be neglected given that 
increased adiposity exerts a synergistic but independent, 
adverse effect on glucose metabolism and intrinsic IR in 

Figure 1
(A) Distribution of PCOS subjects with T2DM (%) 
according to age group and BMI status. (B) 
Distribution of PCOS subjects with IGT (%) 
according to age group and BMI status. (C) 
Distribution of PCOS subjects with IFG (%) 
according to age and BMI status.
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women with PCOS. In fact, it has been estimated via clamp 
techniques that obesity accounts for about 30% of the 
degree of IR in PCOS women (4). HOMA-IR was recognized 
as a potential marker for the diagnosis of dysglycemia in 
PCOS women. It must be emphasized that in the present 
study, HOMA-IR was associated with dysglycemia in both 
uni- and multivariate analysis, but we were unable to define 
a cut-off point with a high prognostic value in contrast to 
others (32). It could be speculated that ethnicity as well as 
variation among different insulin assays could influence 
this HOMA-IR cut-off value. Similarly, an increased ratio 
of truncal/lower body fat constitutes an established risk 
factor for adverse carbohydrate metabolism (33).

Hyperandrogenemia has been directly linked to 
impaired glycemic status (34), while testosterone, 
SHBG or FAI represent strong indicators of dysglycemia 
(35, 36, 37, 38). Lower SHBG contributes to T2DM and 

metabolic syndrome in the general population (39). 
Moreover, SHBG production is associated with insulin 
concentrations, and translated into causative relation 
of hyperandrogenemia with IR in PCOS. Higher quartile 
of FAI was associated with an increased risk of glucose 
intolerance even after adjustment for age, BMI, waist 
circumference, insulin, and family history of diabetes. 
However, a single cut-off point for FAI has not to date 
been defined. Moreover, the definition of biochemical 
hyperandrogenism in PCOS needs detailed steroid 
profiling (40), otherwise patients with the disorder may 
be overlooked.

Considering the ovarian volume, we did not observe any 
association with glycemic status in our cohort. This finding 
was to a degree anticipated given that polycystic ovarian 
morphology does not appear to confer metabolic risk in 
women with PCOS (41). Investigating the impact of various 
PCOS phenotypes did not show differences in the incidence 
of dysglycemia (42) that was observed in our study as well.

A role for FPG could be evolved from the hypothesis 
on being a part of glucose intolerance continuum. Namely, 
it is proposed that the higher the FPG the greater the 
risk for IGT/T2DM (43). However, FPG was not able to 
accurately predict dysglycemia regardless of age, BMI, IR, 
and hyperandrogenemia in the present cohort, a finding 
corroborating that of a previous study (44). Therefore, 
diagnostic un-accuracy with FPG determination only led 
to continuous debate regarding the use of OGTT in the 
diagnosis of dysglycemia in women with PCOS. Therefore, 
the findings of the present study strongly support the notion 
that OGTT should be performed routinely in all women 
with PCOS, irrespective of age and BMI. Furthermore, It 
should not be neglected that primary prevention of T2DM 
in normal subjects has been demonstrated only in those 
with IGT, regardless of their FPG or HbA1c values (45). 
Finally, we should bear in mind that the 3–6% variation 
reported in most commercially available glucose assays may 
easily characterize the same patient as either NGT or IFG. 

Table 5 Models of multivariate analysis related to glucose values post OGTT load.

Parameters

Model 1 Model 2 Model 3 
BMI, LDL, Testosterone BMI, HOMA-IR, FAI WHR, LDL, SHBG

P Beta ± SE P Beta ± SE P Beta ± SE

BMI <0.001 1.27 ± 0.17 <0.001 0.61 ± 0.14
WHR 0.009 45.82 ± 17.51
HOMA-IR 0.009 1.27 ± 0.48
LDL 0.004 4.12 ± 1.42 0.010 4.09 ± 1.58
Testosterone <0.001 5.71 ± 1.14
SHBG <0.001 −0.21 ± .05
FAI <0.001 0.59 ± 0.14
R2 0.079 0.073 0.68

Figure 2
Classification of glycemic status according to glucose basal (0’) and post 
OGTT (120’) values. Vertical axis at IFG value of 110 mg/dL. Blue, Red and 
Green signs stand for subjects with NGT, IGT, and T2DM, respectively.
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For all the above reasons, OGTT was proposed as an essential 
step in the evaluation of any woman with PCOS (36).

Regarding HbA1C levels, ADA has approved its use as 
a surrogate index of dysglycemia. Indeed, in the present 
study, Hba1C values seemed to correlate adequately with 
glycemic status as shown in Tables 2, 3, 4, and 6. HbA1C 
undisputedly constitutes a very useful tool in everyday 
practice in comparison to OGTT since it is less time-
consuming, reduced variability, and more convenient 
for both the patient and health providers (46). However, 
we are reluctant to strongly support the use of HbA1C as 
an index of dysglycemia in women with PCOS, due to 
several reasons. First, in the present study data on HbA1c 
were only available in a subset of women with PCOS. 
Furthermore, due to the irregular menstrual pattern, 
significant modifications of either hematocrit and/or 
ferritin levels frequently coexist in these women, making 
HbA1C evaluation unreliable as a predictor of glycemic 
status (47). Additionally, in smaller studies (48, 49), 
HbA1c levels did not appear to improve the diagnostic 
performance of dysglycemia in women with PCOS, while 
the role of HbA1c in the diagnosis of dysglycemia has been 
questioned in OW and OB subjects, who compose the vast 
majority of the PCOS population (50).

One major disadvantage of the present study was that 
assessment of either steroids or IR was not carried out with 
the gold standard methods such as mass spectrometry 
and clamp techniques. In fact, these methods might 
facilitate spotting those PCOS women with a higher risk 
of developing T2DMM, as shown previously (51). However, 
these methods are time-consuming and extremely 
expensive to be performed in this very large cohort. In 
addition, the inclusion of subjects younger than the 

age of 20 years, but at least 3 years post menarche, may 
have an impact on our findings, given the uncertainty of 
mechanisms governing PCOS in adolescence.

In conclusion, although the prevalence of dysglycemia 
is significantly increased in women with PCOS, we were 
unable to identify an anthr opome tric/ bioch emica l/hor 
monal  marker as a potent indicator of those women at 
risk. This outcome may be partly attributed to the fact 
that PCOS constitutes a polygenic trait. Thus, it is most 
likely that some of the above-mentioned factors need to 
be considered in combination with a molecular marker in 
order to develop an accurate prognostic model. Until the 
latter advance has been made, based on our analysis of 
this large cohort of European women of Caucasian origin, 
we strongly advocate that OGTT should be performed in 
all patients with PCOS regardless of their age, BMI, body 
composition, fasting glucose levels, degree of IR, and 
hyperandrogenemia. In other words, a significant number 
of PCOS women with dysglycemia may be overlooked 
with the use of other surrogate methods of glycemic status 
assessment. Therefore, a cascading process should be 
implemented, including early identification of women at 
risk, followed by OGTT, and tailored strategies for loss of 
weight and fat deposition.

We suggest that PCOS is a risk factor for T2DM. 
However, since hyperandrogenemia and IR are gradually 
improved through time in lean women suffering from the 
syndrome and that the risk of T2DM development in this 
subgroup of PCOS women is comparable to that in controls 
(52), a significant reduction in risk for dysglycemia and 
development of T2DM would be expected with the above 
approach. The evidence strongly indicates that the risk for 
developing T2DM is elevated in overweight and OB women 

Table 6 ROC curves evaluating parameters associated with T2DM, IGT, and IFG.

T2DM IGT IFG
Area ± SE CI Area ± SE CI Area ± SE CI

Age 0.59 ± 0.07 0.44–0.75 0.53 ± 0.02 0.47–0.59 0.51 ± 0.01 0.48–0.55
BMI 0.61 ± 0.07 0.46–0.74 0.64 ± 0.02 0.59–0.69 0.57 ± 0.01 0.53–0.60
WHR 0.69 ± 0.07 0.54–0.83 0.61 ± 0.02 0.55–0.66 0.52 ± 0.01 0.48–0.55
Fasting glucose 0.66 ± 0.07 0.51–0.80 0.70 ± 0.02 0.66–0.74 1 1
HbA1C (%) 0.63 ± 0.03 0.41–0.87 0.59 ± 0.04 0.48–0.63 0.53 ± 0.05 0.41–0.67
Insulin 0.56 ± 0.07 0.41–0.70 0.59 ± 0.02 0.54–0.64 0.54 ± 0.01 0.51–0.57
HOMA-IR 0.59 ± 0.06 0.45–0.72 0.64 ± 0.02 0.59–0.69 0.61 ± 0.01 0.58–0.64
Cholesterol 0.65 ± 0.07 0.49–0.80 0.52 ± 0.03 0.46–0.59 0.53 ± 0.02 0.49–0.58
LDL 0.6 9 ± 0.06 0.55–0.82 0.55 ± 0.03 0.48–0.62 0.58 ± 0.02 0.53–0.63
HDL 0.40 ± 0.08 0.23–0.57 0.43 ± 0.03 0.36–0.50 0.36 ± 0.02 0.32–0.41
Triglycerides 0.51 ± 0.09 0.33–0.70 0.53 ± 0.03 0.46–0.60 0.57 ± 0.02 0.53–0.62
Testosterone 0.5 0 ± 0.06 0.36–0.63 0.54 ± 0.02 0.49–0.59 0.50 ± 0.01 0.47–0.54
SHBG 0.40 ± 0.07 0.26–0.55 0.38 ± 0.02 0.33–0.43 0.45 ± 0.01 0.42–0.49
FAI 0.58 ± 0.07 0.44–0.71 0.61 ± 0.02 0.55–0.66 0.53 ± 0.02 0.50–0.57
DHEAS 0.47 ± 0.06 0.34–0.60 0.53 ± 0.02 0.48–0.58 0.47 ± 0.02 0.43–0.50
Δ4A 0.54 ± 0.07 0.40–0.68 0.48 ± 0.02 0.43–0.54 0.46 ± 0.01 0.43–0.50
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with PCOS, whereas in NW women with PCOS, this risk 
appears to decrease through time.
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