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Abstract

Objective: Metabolic syndrome (MBS) is a common disorder and is thought to be extremely prevalent
in polycystic ovary syndrome (PCOS). In the USA the prevalence of MBS in PCOS has been reported to
be as high as 43 –46% using Adult Treatment Panel III (ATP-III) criteria. Because of differences in
diet, lifestyle and genetic factors, we postulated that the prevalence of MBS might not be as high
in Italian women. This study sought to determine the prevalence of MBS in Italian women using
both the ATP-III and the World Health Organization (WHO) criteria and to determine whether the
prevalence is influenced by the way in which PCOS is diagnosed.
Design: Assessment of the prevalence of MBS in 282 women with PCOS, aged 18–40 years, living in
western Sicily. Eighty-five age- and weight-matched normal women served as controls.
Methods: Patients were divided into those with chronic anovulation and hyperandrogenism (classic
PCOS; n ¼ 225) and others with hyperandrogenism and polycystic ovaries but who were ovulatory
(ovulatory PCOS; n ¼ 57). A 75 g oral glucose tolerance test was carried out, as were lipid determi-
nations; insulin resistance was assessed by the Quantitative Insulin-Sensitivity Check Index (QUICKI).
We used ATP-III and WHO criteria to diagnose MBS.
Results: Using ATP-III criteria, the prevalence of MBS was 8.2% and using WHO criteria it was 16% in
Italian women with PCOS. In controls, the prevalence was 2.4% using both methods. In classic PCOS
patients, MBS was higher (8.9% by ATP-III, 17.3% by WHO) than in ovulatory PCOS (5% and 10.6%
respectively). Body weight significantly modified prevalence rates.
Conclusion: MBS is substantially higher in women with PCOS than in the general population, and the
prevalence is higher in those women diagnosed by classic criteria. However, the prevalence of MBS in
PCOS appears to be much lower in Italy than in the USA.
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Introduction

Metabolic syndrome (MBS) which is a common disorder
related to visceral obesity and insulin resistance (IR) is
associated with atherosclerosis and cardiovascular (CV)
disease (1, 2). The prevalence of MBS is high, occurring
in 23.7% of the USA population over 20 years (3). The
prevalence also increases with age, from 6.7% in the
third decade to 43.5% in the 7th decade (4, 5). The overall
prevalence of MBS appears to be similar between the USA
and European countries with reported rates of 23.5% in
Spain and 23.9% in Portugal (6).

Several factors affect the prevalence of MBS. These
include obesity (4), IR and diabetes (7), and polycystic
ovary syndrome (PCOS) (8). In that CV risk factors
are frequently present in women with PCOS (9, 10), a
recent suggestion was made to screen all obese
women with PCOS for MBS (11, 12).

In attempting to determine the prevalence of MBS in
PCOS, a major variable is the criteria used to define
metabolic syndrome (1, 13). Most widely adapted are
the criteria proposed by the American National Choles-
terol Panel (Adult Treatment Panel III (ATP-III))
(14). These criteria require the presence of 3 of 5
common CV risk factors (increased waist circumfer-
ence, blood pressure, elevated fasting blood glucose,
low serum high-density lipoprotein (HDL)-cholesterol,
and increased triglycerides). Using these criteria, the
prevalence in PCOS has been reported to be extremely
high, 43–46% (15, 16), primarily on the basis of
abnormal lipids and increased waist circumference.

However, in a recent paper we showed that in Italian
women with PCOS, the prevalence of obesity and hyper-
triglyceridemia was markedly less than in USA women
(17), and clearly constituents of the diet are different
in the USA and Italy. Also, in the USA, alterations in
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HDL-cholesterol were linked to a higher proportion of
saturated fat in the diet (17). In that diabetes and glucose
intolerance are also less prevalent in Italian women com-
pared with women in the USAwith PCOS (18), we wished
to determine the prevalence of MBS in Italian women
with PCOS.

Although the prevalence of IR has been found to be
similar between Italian and USA women with PCOS (10,
19), the prevalence of hypertriglyceridemia is far less in
Italian women (10, 15). Thus the criteria used to diagnose
MBS may alter the overall prevalence rate. It has been
shown that the overall prevalence of MBS in Northern
Italy is 34.1% using World Health Organisation (WHO)
criteria (which stresses slightly different criteria) but is
17.8% using APT-III criteria (20).

Another potential variable in determining the true
prevalence of MBS in PCOS is the criteria used for diag-
nosing PCOS. Using the clinical criteria of hyperandro-
genism and chronic anovulation (often called National
Institutes of Health (NIH) criteria (21)) a higher rate of
CV risk factors may be found compared with women
who were diagnosed by the ESHRE/ASRM criteria
which place less emphasis on clinical findings (10).

Our purpose in this study was to determine the
prevalence of MBS in Southern Italy compared with
the reported rates in the USA. Further, we wished to
determine if this prevalence is influenced by (a) the cri-
teria used (ATP-III vs WHO) and (b) the way in which
PCOS is diagnosed.

Materials and methods

Subjects

Two hundred and eighty-two women with PCOS were
evaluated. We only included those women between
the ages of 18 and 40 years who were living in western
Sicily and who were of Italian ancestry. These women
had been referred to the Department of Endocrinology
and to the Department of Clinical Medicine of the Uni-
versity of Palermo between 1991 and 2004 for hyper-
androgenism. They were diagnosed retrospectively
according to the ESHRE/ASRM criteria (presence of at
least two of the following symptoms: chronic anovula-
tion, hyperandrogenism and polycystic ovaries) (7, 8).
Normal circulating levels of 17-hydroxyprogesterone
were used to exclude the diagnosis of non-classic
21-hydroxylase deficiency, while clinical data and/or
urinary cortisol assessment were utilized to exclude
the diagnosis of Cushing’s syndrome. No patient had
an androgen secreting tumor on the basis of finding
very high androgen levels or abnormalities on com-
puted tomography scan or magnetic resonance ima-
ging. Some of these women had been included in
other analyses (10). Anovulation was defined as
serum progesterone ,10 nmol/l. In patients who
reported ‘normal’ menses, at least two consecutive
cycles with low levels of serum progesterone were

needed to make a diagnosis of anovulation. Menstrual
cycles shorter than 25 days and longer than 34 days
were considered abnormal.

Hyperandrogenism could be clinical (hirsutism, alo-
pecia and/or acne) or subclinical, with only an increase
in serum testosterone and/or dehydroepiandrosterone
sulfate (21). Polycystic ovaries were diagnosed by
pelvic or intravaginal sonography according to the
Rotterdam conference criteria (22).

Patients with PCOS were divided into two subgroups
according to their particular phenotype: 225 women
had hyperandrogenism and chronic anovulation (clas-
sic (C)-PCOS) and 57 had hyperandrogenism and poly-
cystic ovaries but normal ovulatory cycles (ovulatory
(OV)-PCOS) (10). Eighty-five women of similar age
(range 18–35 years) were randomly selected as
normal controls. All subjects were sedentary and were
not participating in any specific diet plan. Nevertheless,
diets of all subjects were ‘Mediterranean’ in nature as
described by us previously (17).

In all patients and in controls, body weight, waist cir-
cumference and blood pressure were measured. Fasting
blood was obtained between 0800 and 1000 h for
evaluation of glucose, insulin, HDL-cholesterol and tri-
glycerides. Blood glucose was also determined during a
75 g oral glucose tolerance test with blood samples at 0,
30, 60, 90 and 120 min.

The prevalence of MBS was assessed by ATP-III (14)
and by WHO criteria (20). According to ATP-III, MBS
was diagnosed in subjects presenting with at least
three out of the following criteria: increased waist cir-
cumference (.88 cm), low serum HDL-cholesterol
(,50 mg/dl in women), increased serum trigly-
cerides (.150 mg/dl), increased blood pressure
(.130/.85 mm Hg) and high fasting blood glucose
(.110 mg/dl). Using WHO criteria, MBS was diag-
nosed in subjects presenting with one major criterion
(diabetes, insulin resistance, altered glucose tolerance)
plus two minor criteria (obesity (body mass index
(BMI) . 30), hypertension, dyslipidemia (assessed by
HDL-cholesterol and triglycerides), microalbuminuria).

Insulin resistance was calculated by the Quantitative
Insulin-Sensitivity Check Index (QUICKI) (23). Pre-
sence of diabetes and altered glucose tolerance were
determined according to the American Diabetes Associ-
ation criteria (24). Insulin was determined with a
double antibody method using reagents obtained from
Linco Research, Inc. (St Charles, MO, USA). Blood glu-
cose was determined using the glucose oxidase method.
HDL-cholesterol was determined using the cholesterol
esterase method following selective precipitation of apo-
lipoprotein-B containing lipoproteins with a polyanion
solution. Triglycerides were determined enzymatically
as glycerol on a Roche automated chemistry analyzer
following hydrolysis with lipase. All lipid analyses had
intra- and interassay variations of ,3%.

Institutional Review Board approval was obtained,
and all patients and controls gave written consent.
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Statistical analyses

Analysis of variance was used for comparisons. Post
hoc testing was carried out by Student’s t-test with
log transformation. Analysis of covariance was used
to evaluate the role of BMI on metabolic parameters.
P , 0.05 was considered statistically significant. All
data are expressed as means^standard error.

Results

The clinical data of women with PCOS and of controls
are depicted in Table 1. Patients with PCOS had higher
BMI, waist circumference and blood pressure compared
with normal women (P , 0.01). Obesity (BMI . 30)
was present in 73 women with PCOS (25.9%) while
104 patients were overweight (36.9%) and 105
patients were of normal weight (37.2%). Increased
waist circumference was found in 110 women (39%)
and increased blood pressure in 21 patients (7.3%).

Women with PCOS had higher insulin and triglycer-
ides and lower insulin-resistant indices and HDL-
cholesterol than normal controls of the same age
(Table 2). Increased blood glucose was found in 9
women (3.1%) while altered glucose tolerance was
found in 35 women (12.4%). Increased insulin
(.12.5mU/ml) was found in 147 women (52.1%)
and reduced insulin sensitivity was found in 172
women (61%). Low HDL-cholesterol (,50 mg/dl) was
found in 127 women (45.1%) while only 26 women
with PCOS (9.3%) had increased triglycerides
(.150 mg/dl) (Fig. 1).

Using ATP-III criteria, 23 women with PCOS had
MBS, giving a prevalence of 8.2%. Using WHO criteria,
45 women with PCOS had MBS, giving a prevalence of
16%. The prevalence of MBS in the control population
was 2.4% by both ATP-III and WHO criteria (Fig. 2).

The prevalence of MBS was higher in C-PCOS (8.9%
by ATP-III and 17.3% by WHO) compared with women
with OV-PCOS (5% by ATP-III and 10.6% by WHO).

The influence of body weight on the diagnosis of MBS
also was assessed. Among the women diagnosed by
ATP-III criteria, 16 women were obese (21.9% of the
women with PCOS who were obese), while 5 were over-
weight (4.8%) and only 2 were of normal weight
(1.9%). Among the women diagnosed by WHO criteria,
28 were obese (38.4% of obese PCOS group), 14 were
overweight (13.5% of overweight PCOS patients) and
3 (2.9% of normal weight PCOS) had normal weight.
The two normal controls who had metabolic syndrome
were both obese.

Discussion

Our data suggest that MBS in women with PCOS is less
common in southern Italy compared with women in
the USA. Using the most used method (the ATP-III cri-
teria) to assess the presence of metabolic syndrome in
our population, the prevalence of MBS was only 8.2%
in comparison with a prevalence of 43–46% reported
in the USA (15, 16). While all diagnostic criteria
were less common in our patients than in USA patients
(15, 16), the main difference was in the lower preva-
lence of hypertriglyceridemia (increased triglycerides
were present in only 9.3% of patients).

In a previous study, we observed that while USA
women (mostly from Pennsylvania) and Italian
women have similar androgen levels, similar blood
pressure, similar total cholesterol and similar low-den-
sity lipoprotein-cholesterol, USA women have higher
body weight, higher fasting insulin, lower glucose:insu-
lin ratio, lower HDL-cholesterol and higher triglycerides
(17). Most of these differences occurred as a result of
the higher prevalence of obesity in the USA groups,
but other factors, including characteristics of the diet,
may also be responsible. In our previous study,
the quantity of saturated fat in the diets of USA
women was almost double that of Italian women (17).

The difference in the prevalence of MBS is higher if
WHO criteria are used. By using WHO criteria, the

Table 1 Clinical data in women with PCOS and in normal controls.

Age
(years) BMI Waist circumference

Systolic blood pressure
(mm Hg)

Diastolic blood pressure
(mm Hg)

Normal control women 25.2^0.2 23.3^0.6 85^0.1 112^1.4 74^1.1
PCOS 24.9^0.1 27.2^0.3* 89^0.1* 118^0.7* 81^0.7*

BMI, body mass index. *P , 0.01 versus normal control women.

Table 2 Metabolic data in women with PCOS and in normal controls.

Insulin (mU/ml) QUICKI HDL-cholesterol (mg/dl) Triglycerides (mg/dl)

Normal control women 9^2 0.360^0.02 51^10 72^21
PCOS 16.2^7** 0.324^0.02** 48^10* 90^38**

*P , 0.05, **P , 0.01 versus normal control women.
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prevalence of MBS doubled to 16% (still much lower
than the data reported in USA women). While WHO
criteria usually correlate with ATP-III criteria, in
some populations differences have been reported
(5, 20). This may be because WHO criteria are less
dependent on obesity and lipid levels. It is our view
that in the assessment of young women with PCOS,
particularly in Italy where there is a lower prevalence
of obesity and hypertriglyceridemia, WHO criteria
would be preferred over the National Cholesterol Edu-
cation Program ATP-III criteria as they are more
discriminating.

We also wished to determine if the prevalence of
MBS is influenced by diagnostic criteria for PCOS. In
previous papers evaluating the prevalence of MBS in
PCOS, PCOS was diagnosed according to NIH criteria
(15, 16). Here, we have determined the prevalence
of MBS using ESHRE/ASRM criteria as well. While
MBS was more common in patients with C-PCOS
(i.e. in patients diagnosed by NIH criteria) than in
ovulatory women with PCOS with a focus on ultra-
sound findings, in women diagnosed as having
C-PCOS, the prevalence is still much higher in the
USA than in Italy.

As expected, MBS was more prevalent in obese
patients with PCOS. However, overweight patients
also had an increased prevalence of MBS. In a
recent consensus conference, it was suggested that
all obese women with PCOS should be screened for
MBS (11, 12). We suggest that this should be
extended to include merely overweight patients as
well.

The prevalence of MBS in PCOS was 3.4 –6.6 times
higher than in the matched control population
suggesting that PCOS per se results in a higher preva-
lence of MBS. Further, our data also suggest that the

cardiovascular risk in our patients with PCOS is
much higher than that suggested by the simple deter-
mination of MBS (using ATP-III criteria); a constella-
tion of CV risk factors was increased in the majority
of our patients with PCOS (10).

In conclusion, it is important to point out that the
prevalence of MBS in PCOS is strongly influenced by
the criteria used to diagnose metabolic syndrome as
well as the criteria used to diagnose PCOS. However,
it seems clear that MBS is much more common in
PCOS than in the general population in women of simi-
lar age, and that women with PCOS who are diagnosed
by classic criteria have a higher prevalence of MBS.
Interestingly, the prevalence of MBS in PCOS is lower
in Italian women than in women from the USA
suggesting that genetic factors, but mostly differences
in lifestyle and diet profoundly influence the prevalence
of MBS in women with PCOS.

Figure 1 Prevalence of different elements
of the metabolic syndrome in women with
PCOS.

0

10

20

30

40

50

60

70
P

re
va

le
n

ce
 (

%
)

Obesity

Increased waist
circumference

Increased blood
pressure

High fasting glucose

Altered glucose
tolerance

Reduced insulin
sensitivity

High fasting insulin

Increased serum
triglycerides

Low serum HDL-C

0

10

20

30

40

50

Control women

PCOS by ATP-III
criteria
PCOS by WHO
criteriaP

re
va

le
n

ce
 (

%
)

Figure 2 Prevalence of metabolic syndrome in control women
and in women with PCOS according to the ATP-III and WHO
criteria.
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