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Abstract

Objective: To compare the prevalence of various metabolic and cardiovascular risk factors and insulin resistance between polycystic ovary
syndrome (PCOS) patients with or without hyperandrogenism.

Material and Methods: This is a retrospective cross-sectional study involving women with PCOS as diagnosed according to the Androgen
Excess (AE) Society definition (n=504) and women with normoandrogenemic PCOS (n=183). Anthropometrics, lipid profile, glucose, insulin,
oral glucose tolerance test (OGTT), and reproductive hormone levels were evaluated.

Results: Women with PCOS diagnosed according to the AE Society had a significantly higher prevalence of metabolic syndrome compared with
the normoandrogenemic PCOS phenotype: odds ratio (OR) 2.95 [95% confidence interval (CI) 1.21-7.21]. There was no significant difference in the
prevalence glucose intolerance test between the groups [OR: 2.15, 95% CI 0.71-6.56]. The prevalence of low high density lipoprotein (HDL)-cho-
lesterol in the group under the AE-PCOS Society criteria was higher than that of the normoandrogenemic PCOS group [OR: 2.82, 95%CI 1.29-3.36].
Conclusion: The risks of metabolic syndrome and cardiovascular disease may vary among the phenotypes of PCOS based on the Rotterdam
criteria. This new data may be of reference in informing women with PCOS, although further prospective studies are needed to validate this

proposition. (J Turk Ger Gynecol Assoc 2016; 17: 201-8)
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Introduction

Polycystic ovary syndrome (PCOS) is a frequent endocrine
abnormality of women in the reproductive period, and is
related with infertility and menstrual irregularities (1, 2).
PCOS is a heterogeneous condition, presenting with hyper-
androgenism, polycystic ovarian morphology (POM), and
oligomenorrhea (3-5).

The etiology of PCOS is elusive, but its long-term implications,
including the risk of cardiovascular disease, type-2 diabetes
mellitus, and endometrial carcinoma, are well known (6-8).
However, PCOS is regarded as the most common endocrine
abnormality of women in the reproductive period; its pre-
dicted frequencies vary in the literature, ranging from 2.2%
to up to 26% (2, 9-12). A major reason for this variation is the
absence of a consensus on the diagnostic criteria. Opinions
differ on whether the presence of hyperanderogenism is an
absolute requirement for a diagnosis of PCOS. The same
holds true for the requirement of POM (13).

Chronologically, the National Institutes of Health (NIH)
proposed the first diagnostic criteria. The NIH criteria

required the combination of chronic oligo/anovulation and
clinical or biochemical evidence of hyperandrogenism,
with the exclusion of related disease (14). Subsequently,
the Rotterdam European Society of Human Reproduction
and the Embryology/American Society for Reproduction
Medicine (ESHRE/ASRM) Sponsored PCOS (Rott-PCOS)
Consensus Workshop group proposed the addition of POM
to the NIH criteria, with a statement that PCOS could be
diagnosed when any two of these three criteria were pres-
ent (13). More recently, the Androgen Excess Society (AES)
proposed new diagnostic criteria and stated that androgen
excess is the sine qua non of PCOS and the syndrome must
only be diagnosed in the presence of hyperanderogenism
in combination with oligo/anovulation and/or POM (15).
Compared to the recent AES criteria, the Rotterdam criteria
include an additional PCOS phenotype, comprising women
with POM and oligo/anovulation in the absence of androgen
excess. It is still unknown whether this new phenotype is
also related to long-term health risks, such as metabolic syn-
drome, insulin resistance, and obesity (13, 16). Diagnosing
normoandrogenemic women with PCOS has attracted
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criticism (15). Although the normoandrogenemic PCOS phe-
notype appears to be weakly associated with adverse repro-
ductive outcomes and metabolic syndrome compared with
hyperandrogenemic PCOS, some evidence suggests that
women with normoandrogenemic PCOS present with more
severe insulin resistance (IR) and dyslipidemia (17-19).
Whether women with only POM and oligo/amenorrhea bear
similar metabolic and cardiovascular risks as compared with
hyperandrogenemic women diagnosed with PCOS as per the
AES criteria remains to be determined. This study aims to com-
pare the prevalence of various metabolic and cardiovascular
risk factors and insulin resistance between women diagnosed
as PCOS with or without hyperandrogenism.

Material and Methods

This is a retrospective cohort study involving women who pre-
sented to our Gynecology Clinic between April 2011 and August
2012. The study protocol was approved by the Institutional Ethic
Committee.
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Demographic features and medical information regarding men-
strual cycles, obstetric and gynecological history, and previous
medication and/or disease were collected from the medical
records. Body mass index (BMI) was calculated as body weight
(in kilograms) divided by height (in meters squared). The waist
to hip ratio (W/H) was calculated from dividing the waist cir-
cumference by the hip circumference.

A total of 1048 consecutive women diagnosed with PCOS were
analyzed. PCOS was diagnosed with regard to the Rotterdam
criteria, i.e., according to the existence of at least two of the
following three features: 1) oligo- or amenorrhea; 2) clinical
or biochemical hyperandrogenism; or 3) POM on pelvic ultra-
sound, after exclusion of other causes of hyperandrogenism,
thyroid disorders, hyperprolactinemia, Cushing syndrome, and
late onset congenital adrenal hyperplasia. Women with type-
1 diabetes mellitus, hepatic or renal pathology, or receiving
medication, which could affect carbohydrate metabolism or
lipid profile, were also excluded. The follow-chart of subjects is
presented in Figure 1.

Excluded (n=665); missing history of cycle
length (n=86); lack of ultrasonography

8906 cases from the database of
women who attended to
gynecological outpatient

(103); missing information on hirsutism ——
(n=115); missing data on thyroid and/or
prolactin levels (n=361)

7411 cases included |

Rotterdam-PCOS
(n=687)

Excluded (n=830); chronic disease (n=165); congenital uterine
and/or ovarian dysplasia (n=27); endometriosis (n=106);
hyperprolactinemia (n=88); abnormal thyroid function (n=322);
diabetes mellitus type-1 (n=4); premature ovarian failure
(n=41); taking medications that may affect the carbonhydrate
metabolism, lipid profile or endocrine parameters (n="77)

Oligomenorrhea only (n=167)
POM only (n=164)
Hirsutism only (n=63)

AES-PCOS
(n=504)

Normoandrogenemic

PCOS (n=183)

Figure 1. The flowchart of subjects who attended the clinic
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PCOS subtypes

The participants were divided into two groups: i) those fulfilling
the AES criteria (n=504) (15) and ii) women with normoandro-
genemic PCOS (oligomernorrhea with POM; n=183).

The criteria used to determine the components of the PCOS
phenotypes were:

* Clinical hyperandrogenism was determined with a modi-
fied Ferriman-Gallewey score>8 (20).

* Biochemical hyperandrogenism was defined with the
existence of at least one of the following findings: serum
total testosterone level (tT)>65.82 ng/dL, serum dehydro-
epiandrosterone sulfate (DHEAS) level>374.9 ug/dL and
free androgen index (FAI)>4.94 (calculated on the basis
of the 95" percentile of basal serum androgen normality
in the control group of 70 healthy, non-hirsute, eumenor-
rheic women from the same area (unpublished data).

* Oligomenorrhea was defined as having <8 menstrual
cycles/year or menstrual cycles for more than 35 days.

* POM was defined with an antral follicle count (2-9 mm)
of=12 in at least one ovary.

Definition of insulin resistance

Insulin resistance was predicted by using the homeostatic
model assessment of insulin resistance (HOMA-IR) (21). The
following formula was used to calculate HOMA-IR: (fasting
insulin in wU/mL x fasting glucose in mg/dL)/405. A HOMA-IR
value =3.8 was considered to represent insulin resistance (22).
A 120-minute 75-g oral glucose tolerance test (OGTT) was done
on a random day of the cycle. Impaired glucose tolerance test
(IGTT) was defined by an abnormal glucose value following
the 75-g OGTT, with cut-off values between 140 and 199 for 120
minute. A value of 200 mg/dl or higher subsequent to 75-g OGTT
were considered as diabetes mellitus type-2 (23).

Definition of metabolic syndrome (MetS) and dyslipidemia

The diagnosis of MetS was made in accordance to the definitions
proposed by the National Cholesterol Education Program Adult
Treatment Panel Il (NCEP ATP III). Based on the NCEP ATP III, the
diagnosis of MetS in women was defined by the presence of at
least three of the following features: (i) waist circumference =88
cm, (ii) serum triglyceride (TG) level=150 mg/dL, (iii) serum high
density lipoprotein (HDL-cholesterol) level <50 mg/dL or the pre-
vious consumption of lipid lowering medication, (iv) blood pres-
sure=130/85 mmHg or the use of anti-hypertensive medication,
(v) fasting blood glucose=100 mg/dL (24).

Dyslipidemia was diagnosed according to the definitions pro-
posed by the Framingham/Adult Treatment Panel (ATP) III
criteria (25). Regarding Framingham/ATP III, the diagnosis of
dyslipidemia in women was defined by the following features:
(i) low density lipoprotein (LDL-cholesterol)=130 mg/dL, (ii)
HDL-cholesterol<50 mg/dL, (iii) triglyceride=150 mg/dL, (iv)
total cholesterol (TC)=200 mg/dL, (v) TC/HDL=5.6.

Laboratory analyses

Comprehensive endocrine screening, including early follicular
phase follicle stimulating hormone (FSH), luteinizing hormone
(LH), total testosterone (tT), dehydroepiandrosterone sulfate
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(DHEAS), sex hormone-binding globulin (SHBG), thyroid stimu-
lating hormone (TSH), and prolactin, was carried out. Plasma
insulin, FSH, LH, SHBG, DHEAS, and TSH levels were analyzed
by a chemiluminescence method (Immulite 2000, Siemens
Medical Solutions Diagnostics; Los Angeles, CA, USA). FAI was
determined as follows: FAI=tTx100/SHBG.

Fasting glucose and insulin, lipids, and carbohydrates levels
were also determined. The plasma glucose, total cholesterol,
HDL-cholesterol, and TG levels were tested by the spectropho-
tometric method (Abbott Trade C16000, Abbott Laboratories;
Abbott Park, IL, USA). LDL-cholesterol and VLDL-cholesterol
were calculated using Friedewald formulation. Highly sensitive
C-reactive protein (hs-CRP) was analyzed by the nephelomet-
ric method (Siemens Dade-Behring BNII, Siemens Healthcare
Diagnostics Inc.; Newark, BE, USA).

Statistical analyses

Continuousvariables are defined hereinwiththe mean=+standard
deviation (SD), and categorical variables with numbers and per-
centages as appropriate. Baseline features of the different PCOS
phenotypes were compared by independent samples t test.
Proportions were compared using the chi-square test. Statistical
significance was set at a two sided p value<0.05. The Statistical
Package for Social Sciences (SPSS) was used for statistical
analysis (version 19.0, SPSS Inc.; Chicago, IL, USA).

Results

Study population

The medical records of 8906 women were reviewed; 665 women
were excluded due to inadequate data, including for unavailable
data on the history of the cycle length (n=86), ultrasonographic
examination (n=103), hirsutism (n=115), thyroid and/or prolactin
laboratory assay (n=361). An additional 830 women were exclud-
ed due to the presence of concomitant pathology, including other
relevant chronic diseases (n=165), congenital uterine anomalies
and/or ovarian dysplasia (n=27), endometriosis (n=106), hyperp-
rolactinemia (n=88), abnormal thyroid function (n=322), diabe-
tes mellitus type-1 (n=4), premature ovarian failure (n=41), and
the previous consumption of medications that may affect the car-
bohydrate pathway, lipid profile, or endocrine parameters (n=77)
(Figure 1). The final study population included 687 women diag-
nosed with PCOS based on Rott-PCOS criteria. While 504 of these
women met the AES -PCOS criteria, 183 women were classified
as normoandrogenemic PCOS. The prevalence of different PCOS
phenotypes is presented in Table 1.

The prevalence of women with clinical and/or biochemical
hyperandrogenism, oligomenorhea (OM), and POM was 7.6,
8.5, and 7.1%, respectively.

Demographic characteristics, and the biochemical and anthro-
pometric features of the participants are presented in Table
2. There were no differences among the PCOS subgroups
regarding age (p=0.62; Table 2). The mean concentration of
C-reactive protein (CRP) in women diagnosed as PCOS accord-
ing to the AES criteria was significantly higher than that of
women classified as normoandrogenemic PCOS (5.96+6.92 vs.
4.21+3.12 mg/L, p=0.003).
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Table 1. Prevalence of PCOS phenotypes among the same

population

Phenotypes n %
Screened population 7411

Rotterdam Criteria - PCOS 687 9.3
AES Criteria - PCOS 504 6.8
PCOS with all 3 criteria (HA+POM+OM) 277 3.7
Normoandrogenemic PCOS (OM+POM) 183 2.5
Ovulatory PCOS (HA+POM) 144 1.9
HA+OM 83 1.1

PCOS: polycystic ovary syndrome; AES: Androgen Excess Society; HA: hy-
perandrogenism; POM: polycystic ovary morphology; OM: oligemenorrhea
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Prevalence of insulin resistance

A comparison of the data between AES-PCOS and normoandro-
genemic PCOS revealed a significant difference for the carbo-
hydrate traits assessed, including HOMA-IR (p=0.004), fasting
insulin (0.007), and fasting glucose (p=0.001).

The overall prevalence of elevated fasting blood glucose and
insulin resistance among the PCOS patients was 17.8% and
31.7%, respectively. While the rates of elevated blood glucose
and insulin resistance were 19.9% and 32.8% in the AES-PCOS
group, within the women classified as normoandrogenemic
PCOS, these rates were 10.0% and 26.3%, respectively (p=0.01
and 0.34, respectively). The respective odds ratios for insulin
resistance in patients diagnosed as PCOS according to the AES
criteria was 1.36 [95% confidence interval (CI), 0.77-2.58] when
compared with the subjects classified as normoandrogenemic
PCOS (Table 3).

Table 2. Demographic, anthropometric, and metabolic parameters of various PCOS phenotypes

Variables AES-PCOS (n_) Normoandrogenemic PCOS (n__) P
Age 24.73+5.86 (504) 24.48+5.54 (183) 0.62
Body Mass Index (kg/m?) 26.12+6.26 (168) 23.96+4.51 (24) 0.10
Waist circumference (mm) 78.66+13.53 (158) 77.92+17.20 (19) 0.82
Hip circumference (mm) 103.25+17.09 (158) 102.46+21.03 (19) 0.85
Waist to hip ratio 0.79+0.09 (158) 0.76+0.10 (19) 0.17
Systolic blood pressure (mmHg) 110 (110-120) (99) 115 (102-120) (19) 0.53
Diastolic blood pressure (mmHg) 70 (62-80) (99) 70 (60-80) (19) 0.20
Follicule stimulating hormone (mIU/mL) 5.67+2.09 (502) 5.77+2.03 (183) 0.55
Luteinizing hormone (mIU/mL) 7.23+5.24 (503) 8.13+5.51 (183) 0.05
Thyroid stimulating hormone (mIU/mL) 1.58+0.84 (504) 1.58+0.83 (183) 0.99
Prolactin (ng/mL) 13.16+7.81 (504) 13.58+7.88 (183) 0.54
Total testosterone (ng/dL) 48.03+89.04 (346) 31.84+12.46 (72) 0.12
Free testosterone (ng/dL) 6.40+9.35 (183) 2.88+2.11 (32) <0.01*
Sex hormone binding globulin (nmolL/mL) 40.73+31.95 (346) 64.64+43.84 (72) <0.01
Free androgen index 6.11+9.43 (346) 2.32+1.39 (72) <0.01*
Dehydroepiandrosterone sulfate (ug/dL) 243.75+117.05 (368) 181.89+79.67 (80) <0.001*
Ferriman-Gallewey score, median (IQR) 13 (10-18) (404) 6 (4-7) (175) <0.001*
Fasting Insulin (uIU/mL) 15.69+20.35 (298) 10.84+10.16 (57) 0.007*
Fasting glucose (mg/dL) 91.81+12.60 (442) 87.83+9.83 (120) 0.001*
HOMA-IR 4.53+6.65 (296) 2.94+2.96 (57) 0.004*
Total Cholesterol (mg/dL) 170.09+35.59 (382) 168.60+38.22 (87) 0.73
Triglycerides (mg/dL) 113.14+64.62 (382) 98.98+52.41 (87) 0.03*
fHDL-cholesterol (mg/dL) 48.01+11.76 (383) 52.28+13.15 (85) 0.004*
‘LDL-cholesterol (mg/dL) 101.15+29.14 (374) 96.95+31.98 (86) 0.23
YVLDL-cholesterol (mg/dL) 23.29+14.88 (373) 19.84+11.26 (83) (Matthews, Hosker et al.) 0.02*
Triglycerides/"HDL-cholesterol ratio 2.63+1.92 (376) 2.06+1.41 (85) 0.002*
C-reactive protein (mg/L) 5.96+6.92 (253) 4.21+3.12 (62) 0.003*
AES: Androgen Excess Society; n_..: the number of women available for each characteristic measured; HOMA-IR: homeostatic model assessment of
insulin resistance; HDL-cholesterol: high density lipoprotein; LDL-cholesterol: low density lipoprotein; VLDL-cholesterol: very low density lipoprotein
Data are expressed as the mean=SD unless otherwise was stated.

*Statistically significant (p<0.05).
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Table 3. The prevalence of obesity, insulin resistance, and the components of metabolic syndrome according to the Inter-
national Diabetes Federation criteria and the compositions of dyslipidemia according to the Adult Treatment Model III
National Cholesterol Education Program criteria among all the PCOS phenotypes

Normoandrogenemic Odds Ratio
Variables AES-PCOS (n) PCOS (n) p* (95% Confidence interval)
BMI=25 (kg/m?) 49.4% (83/168) 41.7% (10/24) 0.48 0.73 [0.31-1.74]
BMI=27 (kg/m?) 39.9% (67/168) 37.5% (9/24) 0.82 0.90 [0.37-2.18]
BMI=30 (kg/m?) 25.6% (43/168) 12.5% (3/24) 0.16 1.59 [0.63-3.97]
Insulin resistance (HOMA-IR=3.8) 32.8% (97/296) 26.3% (15/57) 0.34 1.36 [0.77-2.58]
Oral Glucose Test Intolerance 21.2% (31/146) 11.1% (4/36) 0.23 2.15[0.71-6.56]
Diabetes Mellitus type-2 1.4% (2/146) - - -
Fasting glucose =100 mg/dL 19.9% (88/442) 10.0% (12/120) 0.01* 2.23 [1.17-4.24]
Waist circumference =88 cm 50.6% (80/158) 42.1% (8/19) 0.48 1.41 [0.54-3.69]
Blood pressure =130/85 mmHg 5.1% (5/99) 5.3% (1/19) 0.96 0.96 [0.15-6.06]
HDL-cholesterol <50 mg/dL 59.4% (228/384) 41.2% (35/85) 0.002* 2.82[1.29-3.36]
Triglycerides =150 mg/dL 23.0% (88/322) 14.9% (13/87) 0.09 1.70 [0.90-3.21]
Total cholesterol =200 mg/dL 18.6% (71/382) 17.2% (15/87) 0.77 1.09 [0.59-2.02]
LDL-cholesterol =130 mg/dL 15.2% (57/374) 11.6% (10/86) 0.39 1.21 [0.59-2.48]
Triglycerides/HDL-cholesterol =5.6 8.5% (32/376) 3.5% (3/85) 0.12 2.54[0.76-8.51]
Metabolic syndrome (any more than 25.4% (62/244) 10.3% (6/58) 0.01* 2.95[1.21-7.21]
two components)

Data are expressed as the number and percentage unless otherwise stated.
*Statistically significant (p<0.05).

PCOS: polycystic ovary syndrome; BMI: body mass index; AES-PCOS: Androgen Excess Society-Polycystic Ovary Syndrome; HOMA-IR: homeostatic
model assessment of insulin resistance; HDL: high density lipoprotein; LDL: low density lipoprotein

The prevalence of IGTT was 19.9% in the whole PCOS popula-
tion. In the AES-PCOS group, 31 of 146 patients (21.2%) had
impaired glucose tolerance during OGTT and of these, two
patients had DM type 2 (1.4%), while the prevalence rate for the
abnormal glucose tolerance test in the normoandrogenic PCOS
group was 11.1% (p=0.23). The respective odds ratio for the
glucose intolerance test in patients diagnosed as PCOS accord-
ing to the AES criteria was 2.15 [95% CI, 0.71-6.56] when com-
pared with subjects classified as normoandrogenemic PCOS.

Prevalence of MetS and dyslipidemia

While the overall rate of metabolic syndrome in women with
PCOS was 22.5%, within women diagnosed as PCOS according
to the AES-PCOS criteria and normoandrogenemic PCOS, these
rates were 25.4 and 10.3%, respectively (p=0.01; Table 3). The
respective odds ratio for MetS in women with AES-PCOS was
2.95 [95% CI, 1.21-7.21] when compared with subjects classi-
fied as normoandrogenemic PCOS. The distribution of the com-
ponents of metabolic syndrome is also presented in Table 3.
Regarding the lipid profile, the concentrations of HDL-
cholesterol, TG, TG/HDL-cholesterol ratio, and VLDL-C were
significantly different in women with AES-PCOS from the
subjects with normoandrogenemic PCOS (p=0.004, p=0.03,
p=0.002, and p=0.02, respectively; Table 2). The prevalence of
low HDL-cholesterol in the group under the AE-PCOS Society
criteria was higher than that of normoandrogenemic PCOS
(59.4 vs 41.2%, respectively; p=0.002; Table 3), while the preva-

lence of low HDL-cholesterol was 56.1% in the whole study
group. While the prevalence of elevated total cholesterol (=200
mg/dL) and LDL-C (=130 mg/dL) parameters in the whole
population were 18.3 and 14.6%, respectively, there were no
statistically significant differences between women diagnosed
as PCOS according to the AE-PCOS Society criteria and women
with normoandrogenemic PCOS (18.6% vs. 17.2% and 15.2% vs.
11.6%; p=0.77 and p=0.39, respectively). While the prevalence
of elevated TG (=150 mg/dL) was 21.5% in the whole study
group, within the patients diagnosed as PCOS according to the
AE-PCOS Society criteria and normoandrogenemic PCOS, these
rates were 23.0 and 14.9%, respectively (p=0.09). While the
prevalence of elevated TC to HDL-cholesterol ratio (=5.6) in the
whole population was 7.6% within women diagnosed as PCOS
according to AE-PCOS, this rate did not differ from subjects
with normoandrogenemic PCOS (8.5 and 3.5%, respectively;
p=0.12).

Discussion

In the current study, the prevalence of PCOS according to
the Rotterdam and AE-PCOS Society criteria in a Caucasian
population were 9.3 and 6.8%, respectively. Although the results
of the current study are in concurrence with the previously
reported frequency’s ranging from 11.2 to 20.9% according to
the Rotterdam criteria (18, 26-28), we found lower figures than a
prior Turkish cohort study using the AE-PCOS Society criteria (18).
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Further, data from this study illustrated that the prevalence of
insulin resistance and impaired glucose tolerance barely rise
in the overall PCOS population (31.7 and 17.8%, respectively)
when compared to that reported from another study of Turkish
women with PCOS (29). This study has also shown that women
with PCOS have a higher prevalence of metabolic syndrome
(22.5%) than that consistently reported from the literature,
albeit with a varying rate (17, 18, 28).

Although there is limited data on the association of the new
phenotype (normoandrogenemic PCOS) and its implications
on the metabolic profile, it has been reported that the nor-
moandrogenemic PCOS phenotype has a milder metabolic
syndrome with a rather similar rate of insulin resistance (30).
The evidence currently suggests that patients with PCOS diag-
nosed according to AE-PCOS Society criteria have the most
severe metabolic features (15, 17). Women in PCOS without
hyperandrogenism are still the subject of debate (2, 15, 16).
The Androgen Excess and PCOS Society suggested that PCOS
initially should be accepted as a condition of hyperandrogen-
ism (15). The current study demonstrated that in women diag-
nosed according to AE-PCOS Society criteria, the proportion of
increased serum glucose level was double in comparison with
that in women identified as normoandrogenemic PCOS, while
the rate of women with an abnormal glucose tolerance test and
insulin resistance rose by almost 10%. These findings appear to
support the previous observations that women with normoan-
drogenemic PCOS exhibit a small proportion of hyperglycemia
and insulin resistance (31, 32).

An impaired lipid profile is a prevalent finding in women with
PCOS (33, 34), and also it was recently noted that the TG,
LDL-cholesterol, and TC levels are significantly higher in obese
PCOS women than in lean/normo-weight PCOS women, irre-
spective of the PCOS phenotypes (35). Women with hyperand-
erogenemic PCOS showed the most atherogenic lipid profiles,
with higher apolipoprotein B compared to the other PCOS phe-
notypes (36). However, conflicting data are present in the lit-
erature. Moreover, despite the similar rate of IR in BMI-matched
PCOS phenotypes, free testosterone and FAI were positively
correlated with triglyceride as well as being inversely correlated
with HDL-cholesterol (37). Conversely, other researchers spec-
ulate that lipid abnormalities are not different in women with
hyperandrogenemic PCOS (38, 39). In accordance with the
previous study, we also observed that women with normoan-
drogenemic PCOS have a lower triglyceride/HDL-cholesterol
ratio, triglyceride, and VLDL-cholesterol concentrations as well
as higher HDL-cholesterol levels when compared with those of
women diagnosed as PCOS according to the AES-PCOS criteria,
although BMI was not significantly different between the PCOS
phenotypes (37). These findings suggest that hyperandrogen-
emia may adversely affect the lipid metabolism regardless of
the presence of MetS or IR. However, the higher prevalence
of decreased HDL-cholesterol with a similar rate of elevated
TG, total cholesterol, and LDL-cholesterol observed in this
study may indicate the effects of insulin resistance on HDL-
cholesterol. Further, this finding would be an indirect reflection
of increased ovarian androgen secretion in women with PCOS,
as proposed in previous reports (40, 41).
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According to the new diagnostic criteria (2, 13), PCOS may de
facto involve a large-scale number of abnormalities, consist-
ing of women with mild clinical and hormonal abnormalities
(42, 43). As regards metabolic syndrome (evaluated with the
International Diabetes Federation criteria), our cohort study
showed a proportion of 22.1% had it in the overall PCOS
population according to the Rotterdam criteria consistent with
a previous cohort study in a Mediterranean population (44).
Furthermore, women diagnosed with PCOS according to the
AE-PCOS Society criteria had a higher rate of MetS than those
with normoandrogenemic PCOS (20.4 vs 9.2%). This significant
difference is in line with previous studies (45-48). The expla-
nation for this quite pronounced difference may be that the
key features of MetS comprising abdominal obesity, insulin
resistance, and impaired glucose tolerance are present less
frequently in normoandrogenemic PCOS (24). Indeed, a cur-
rent meta-analysis showed that elevated serum androgen levels
have a positive correlation with the prevalence of MetS (49).
Overall, women with normal androgen levels appear to be part
of the milder PCOS spectrum, but this might be due to the less
frequently elevated blood glucose level, which is related with
lower health-risk-related factors.

It has also been found that subclinical atherosclerosis expressed
as low-grade inflammation (increased hs-CRP levels) could be
a factor for an increased risk of cardiovascular disease and DM
type 2 in women with PCOS (50-52). Moreover, an elevation
in circulating hs-CRP irrespective of obesity is evidence that
chronic low-grade inflammation may have an effect on the
pathogenesis of PCOS, particularly in hyperanderogenemic
phenotypes (4, 53). In accordance with previous reports, we
also observed a significant elevation of hs-CRP in women with
hyperanderogenemia compared to in women with normal
androgen levels, despite there being no difference in BMI
between the phenotypes (4, 53). This assumes that a high
androgen level independently may be a factor that affects the
establishment of cardiovascular disease in women diagnosed
as PCOS.

Limitations for the study include that the methodology of study
was a retrospective cohort, and also the numbers in the nor-
moandrogenemic PCOS group were too small to assess the
statistical significance for the oral glucose test intolerance.

In conclusion, women with hyperandrogenemic PCOS usually
present an impaired lipid profile, insulin resistance, and abnor-
mal glucose tolerance, which may be related to the subsequent
development of MetS. PCOS patients with androgen excess
appear to be exposed to a higher risk of cardiovascular disease
than normoanderogenemic PCOS patients (54, 55). The obser-
vations of the present study suggest that the androgen excess
per se is related with a long-term-health-risk of PCOS. This new
data may be of reference in informing women diagnosed as
PCOS, even though further prospective studies are needed to
validate this proposition.
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