
Polycystic Ovary Syndrome Is a Risk Factor for
Type 2 Diabetes
Results From a Long-Term Prospective Study
Alessandra Gambineri,

1
Laura Patton,

1
Paola Altieri,

1
Uberto Pagotto,

1
Carmine Pizzi,

2

Lamberto Manzoli,
3
and Renato Pasquali

1

Polycystic ovary syndrome (PCOS) recently has been identified
as a risk factor associated with type 2 diabetes. However, the
evidence derives from cross-sectional observational studies, retro-
spective studies, or short-term prospective studies. This long-term
prospective study of a large cohort of women with PCOS, followed
from youth to middle age, aimed at estimating, for the first time,
the incidence and potential predictors of type 2 diabetes in this
population. A total of 255 women with PCOS were followed for at
least 10 years (mean follow-up 16.9 years). Six women were patients
with diabetes at baseline, and another 42 women developed type 2
diabetes during the follow-up. The incidence rate of type 2 diabetes
in the study population was 1.05 per 100 person-years. The age-
standardized prevalence of diabetes at the end of follow-up was
39.3%, which is significantly higher with respect to that of the gen-
eral Italian female population of a similar age (5.8%). The likelihood
of developing type 2 diabetes significantly increased as BMI, fasting
glucose, and glucose area under the curve at baseline increased and
significantly decreased as sex hormone–binding globulin (SHBG)
levels at follow-up increased. This study demonstrates that the risk
of type 2 diabetes is markedly elevated in middle-aged women with
PCOS and suggests including BMI, glucose, and SHBG-circulating
levels in the risk stratification. Diabetes 61:2369–2374, 2012

T
he polycystic ovary syndrome (PCOS) is a com-
mon female disorder defined by the combination
of hyperandrogenism, menstrual and ovulatory
alterations, and polycystic ovarian morphology

(1). However, the consequences of PCOS extend beyond
the reproductive axis. Most women with PCOS, particu-
larly those presenting with overweight or obesity (2), do
in fact have insulin resistance and compensatory hyper-
insulinemia (3,4), partly attributed to intrinsic insulin re-
sistance mechanisms (5–7). Insulin resistance is a known
key factor in the development of type 2 diabetes (8).
Several studies have demonstrated that type 2 diabetes
occurs with increased frequency in women with PCOS
(9,10), so that PCOS recently has been identified as a sig-
nificant nonmodifiable risk factor associated with type 2
diabetes by the International Diabetes Federation and by

the American Diabetes Association (11,12). However, this
evidence derives from cross-sectional observational studies,
retrospective studies, or short-term prospective studies (9).
To date, only one prospective study has been performed in
women with PCOS for a relatively long time (8-year time
span); unfortunately, this study was limited by the use of
fasting glucose to diagnose diabetes (13). No other long-term
prospective study has been performed so far, and, therefore,
we currently are unable to quantify the lifetime incidence of
type 2 diabetes in women with PCOS and the risk factors for
type 2 diabetes associated with the syndrome. To provide
such information, we performed this long-term prospective
study of a large cohort of well-characterized women with
PCOS followed from youth to middle age.

RESEARCH DESIGN AND METHODS

This study had an observational longitudinal design. Italian women with PCOS
were evaluated at baseline and for at least 10 years in order to estimate the
incidence and potential predictors of type 2 diabetes in middle age.

At the first examination (between 1978 and 1999), all women entering our
unit were screened for the presence of PCOS, and the diagnosis was made by
a trained physician according to National Institutes of Health criteria (14).
For all women evaluated before 1992, the diagnosis of PCOS was revaluated
according to the same National Institutes of Health criteria.

At baseline, women were excluded if they had Cushing’s syndrome or an
androgen-secreting neoplasm, hyperprolactinemia, congenital adrenal hyper-
plasia, thyroid disease, or other causes of amenorrhea, including premature
ovarian failure. At baseline, all women were untreated.

During 2009, all women previously diagnosed with PCOS were asked to par-
ticipate (by phone and/or letter) in the follow-up examination, in which the same
information and tests as the first visitwere performed, using the samemethodology.

A structured interview was carried out with all participants, collecting data
on demographic status, smoking, drug therapy, and familial and personal
history of diseases (family history was considered positive when at least one
first-degree relative was affected by a certain disease).

Women underwent a physical examination that included anthropometric
(height, weight, and waist circumference) and blood pressure measurement by
a physician. Height was measured without shoes and rounded to the nearest
0.5 cm; weight wasmeasuredwithout clothes, and BMIwas computed asweight
(in kilograms) divided by the square of height (in meters). Waist circumference
was measured with subjects standing, using a 1-cm-wide metal measuring tape,
according to World Health Organization criteria (15). Blood pressure was
measured twice in the supine position, in the morning, after at least 3 min of rest
before any measurement, and the mean of the two recordings was used. Women
were instructed not to drink coffee or water in the 3 h before the examination.

Fasting blood samples also were taken in order to evaluate the levels of
leutinizing hormone, follicle-stimulating hormone, 17b-estradiol, testosterone, and
sex hormone–binding globulin (SHBG) and to compute the free androgen index,
following the methodology described by Vermeulen et al. (16). Blood samples
were taken during the first week after spontaneous bleeding initiation in women
with normal menses or mild oligomenorrhea and after withdrawal bleeding in-
duced by a course of oral medroxyprogesterone acetate in women with severe
oligomenorrhea or amenorrhea. All samples were centrifuged immediately and
stored at 280°C until assayed (in a single, centralized, and certified laboratory).

Finally, after blood samples had been obtained, a 75-g oral glucose tolerance
test was performed, taking blood samples while fasting and 30, 60, 90, 120, and
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180min after glucose ingestion (Curvosio; Sclavo, Cinisello Balsamo, Italy). The
response of glucose at 120 min was used to diagnose diabetes according to
American Diabetes Association criteria (8). All participants provided written,
informed consent at both assessments, and the study protocol was approved
by the local ethics committee.
Outcomes and data analysis. The primary outcome of the study was the
incidence of type 2 diabetes in women with PCOS. Both the cumulative in-
cidence and the incidence rate (expressed as the number of cases of diabetes
per 100 person-years) were computed. It was not possible to standardize the
incidence rate of the sample using population data because we could not find
reliable 15-year incidence data, stratified by age, of a general Italian population
(to use as a control group). To provide some form of comparison, however, we
calculated the standardized prevalence of diabetes at the end of follow-up and
compared it with the standardized prevalence of the general Italian female
population of the same age.We used direct standardization based upon data from
the Italian Institute of Statistics, updated in 2008 (end of follow-up data) (http://
www3.istat.it/dati/pubbsci/documenti/documenti2008.html). The following age
classes were used for standardization: 0–14, 15–24, 25–34, 35–44, 45–54, 55–64,
and 65–74 years.

As a secondary analysis, we also investigated potential predictors of type 2
diabetes in women with PCOS. Cox proportional hazards analysis, restricted
to women without diabetes at baseline (n 5 249), was used to calculate the
adjusted relative hazards of type 2 diabetes by each recorded variable, in-
cluding drug treatment throughout the follow-up period. Stochastic level of
entry into the model was set at 0.10, and interaction terms were explored for
all variables in the final model. Covariates were categorized or log transformed
if needed (normality being checked with the Shapiro-Wilk test), and in-
teraction terms and multicollinearity were explored for all significant variables
in the final model. A minimum events-to-variable ratio of 10 was maintained in
multivariate modeling to avoid overfitting, and the Schoenfeld test was per-
formed to check the validity of proportional hazards assumption (17). Glucose
response to the oral glucose tolerance test was expressed as the area under
the curve (AUC), which was calculated by the trapezoidal method. Statistical
significance was defined as a two-sided P value ,0.05 for all analyses, which
were performed using Stata 10.1 (Stata, College Station, TX).

RESULTS

A total of 277 consecutive women with PCOS initially were
evaluated in our unit from 1978 to 1999. All were contacted
in 2009 for the follow-up assessment, but data on 22
women (7.9%) could not be collected (Fig. 1) (8 women
were deceased [reasons are reported in boxed text], 7

women refused to participate [2 because they had just
given birth and 5 because they were not interested], and it
was not possible to contact the remaining 7 women).

Therefore, 255 women (92% from northern Italy, 2% from
central Italy, and 6% from southern Italy) were re-evaluated
in 2009, and their data were used in the comparison be-
tween the rates of type 2 diabetes of women with PCOS and
the general female population. Most of the women with
PCOS (n 5 226) were being regularly followed-up at our
unit (one to two check-ups every 1–2 years), and this may
explain the very high participation rate.

During the follow-up period, 163 subjects had been on
oral contraceptive treatment for at least 1 year, 72 subjects
were on metformin (1,500 or 1,700 mg/day), 29 subjects
were on flutamide (125 or 250 mg/day), 22 subjects were
on antihypertensive drugs, and 4 subjects were on statins
(atorvastatin or simvastatin). Oral contraceptives or
flutamide were started in subjects with clinically significant
hyperandrogenism (hirsutism, acne, or alopecia), whereas
metformin was started in subjects with a dominant dys-
metabolic profile, particularly insulin resistance and hy-
perinsulinemia. The mean period of treatment with oral
contraceptives during the follow-up was 5.4 6 5.9 years

FIG. 1. Flow of the participants.

For patients no longer living (8 of 277), a primary rela-
tive was queried as to the cause of death. Four patients
died of cancer (one of ovarian cancer at age 51 years,
one of a brain tumor at age 38 years, one of leukemia at
age 36 years, and one of unspecified cancer at age 42
years). The remaining four women died of pulmonary
embolism at age 43 years, of alcoholic liver disease at
age 41 years, of acute myocardial infarction at age 64
years, and of a road accident at age 32 years.
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(range 1–27), and with metformin it was 1.3 6 2.8 years
(1–14). The progestin component of oral contraceptives
was cyproterone acetate in 88 (54%) women, gestoden in 45
(28%) women, desogestrel in 20 (12%) women, levonor-
gestrel in 5 (3%) women, and drospirenone in 5 (3%) women.
For patients still on treatment at the follow-up examination,
oral contraceptives or flutamide were discontinued 3 months
before blood collection, whereas metformin or statins were
discontinued 3 weeks before blood collection.

The baseline characteristics of the sample and of the 22
subjects lost to follow-up are reported in Table 1. No differ-
ences were observed in any parameter, with the exception of
leutinizing hormone blood levels, which were significantly
higher among participants (P 5 0.032).

Six women were diabetic at baseline (2.2%), and another
42 women developed type 2 diabetes during the follow-up
(cumulative incidence: 16.9%, incidence rate: 1.05 per 100
person-years [95% CI 0.75–1.41]). At the end of follow-up,
the age-standardized prevalence rate of type 2 diabetes of
the study population was 39.3% (95% CI 33.4–45.4), which
was significantly higher than that of the general population
(5.8% [3.3–9.3]; P , 0.001). The characteristics of the 42
women who developed type 2 diabetes during the follow-
up, and those who remained free of disease are compared
in Table 2. The mean follow-up was slightly but signifi-
cantly longer in diabetic women with respect to nondiabetic
women, and, accordingly, at the follow-up assessment,
diabetic women were significantly older. Diabetic women
had significantly higher BMI and larger waist circum-
ferences both at baseline and at the end of the follow-up,
but, unlike BMI, changes in waist circumference were sig-
nificantly higher in diabetic women with respect to non-
diabetic women. Moreover, diabetic women had higher

fasting glucose (although in the normal range) and insulin
levels and higher glucoseAUC at baseline but lower SHBG
levels at follow-up. Finally, first-degree familiarity for type
2 diabetes was higher in diabetic women with respect to
nondiabetic women. Diabetic women also had a higher
prevalence of treatment with metformin during the follow-
up period and a lower prevalence of treatment with oral
contraceptives with respect to women free of disease.

Of all the variables that were significantly associated
with type 2 diabetes at the univariate analysis, only four
were confirmed as independent predictors at multivariate
analysis, in which the six women with type 2 diabetes at
baseline were not included (Table 3). All results were ad-
justed for age at follow-up, although they only were bor-
derline significant. The likelihood of developing type 2
diabetes significantly increased as BMI, fasting glucose,
and glucoseAUC increased at baseline. Conversely, a higher
SHBG level at follow-up was associated with a lower
probability of developing type 2 diabetes.

Incidence rates of type 2 diabetes stratified by class of
BMI at baseline revealed that the absolute risk of diabetes
increased steadily with BMI and was particularly high for
BMI $30 kg/m2 (2.02 per 100 person-years, for an incidence
rate ratio equal to 4.44 vs. nonobese women; P , 0.001)
(Table 4) (results were very similar using BMI at the end
of follow-up; data not shown).

DISCUSSION

Incidence data for type 2 diabetes in women with PCOS
were derived from studies with several methodological
limitations, including small sample size and, for most of
them, a limited time of follow-up (13,18,19). This implies
a relatively young age of the study population and, prob-
ably, a not full expression of adverse metabolic function-
ing of the PCOS. However, all these studies reported rapid
conversion rates from normal glucose tolerance or impaired
glucose tolerance to type 2 diabetes, often exceeding 15%
per year, suggesting that in women with PCOS type 2 di-
abetes may occur earlier than expected in comparison with
the general population. The long-term longitudinal design of
the current study allowed us to confirm that the incidence
of type 2 diabetes in Italian women with PCOS is 2.6 times
higher than that of the general female population (1.05 vs.
0.40 per 100 person-years, estimated from the data of a re-
cently published large, population-based Italian study [20]).
Moreover, as a cumulative effect of such a higher incidence,
the age-standardized prevalence of type 2 diabetes in
women with PCOS at middle age is 6.8 times higher than that
of the general female population of a similar age. Also, in this
work we were able to define several predictive factors of the
development of type 2 diabetes in these women. In fact,
higher BMI, higher fasting glucose levels, and higher glucose
response to the glycemic load at baseline proved to be inde-
pendently associated with an increased risk of type 2 diabe-
tes, whereas higher plasma levels of SHBG at follow-up
proved to be associated with a lower risk of type 2 diabetes.

Obesity is common among women with PCOS (2), and
a stepwise increase in prevalence of glucose intolerance
as BMI increases has been described in cross-sectional
studies performed in women with this disorder (21). Thus,
it was expected (and in line with the literature available on
the general population [22,23]) that high baseline levels of
BMI and of glucose were predictive of development of type
2 diabetes in women with PCOS. Some authors have sug-
gested that obesity, through still unknown mechanisms,

TABLE 1
Baseline characteristics of the sample and of subjects lost to
follow-up

Final
sample

Lost to
follow-up P*

n 255 22
Age (years) 23.4 (6.3) 26.0 (5.4) 0.064
BMI (kg/m2) 29.1 (7.0) 30.6 (9.7) 0.4
Waist circumference (cm) 89.3 (16.7) 91.3 (18.8) 0.7
Waist-to-hip ratio 0.82 (0.13) 0.82 (0.09) 0.9
Systolic blood pressure,
mmHg 125 (12) 123 (21) 0.7

Diastolic blood pressure
(mmHg) 79 (8) 78 (8) 0.9

Fasting glucose (mg/dL) 87.3 (9.8) 87.8 (5.0) 0.8
GlucoseAUC (mg/dL/min)† 11.4 (2.2) 11.6 (1.7) 0.8
Fasting insulin (mU/mL) 19.4 (16.7) 17.8 (17.1) 0.7
HbA1c (%) 4.7 (0.5) 4.6 (0.4) 0.8
Total cholesterol (mg/dL) 187 (48) 202 (46) 0.3
LDL cholesterol (mg/dL) 120 (44) 120 (29) 0.9
HDL cholesterol (mg/dL) 47 (12) 43 (8) 0.4
Triglycerides (mg/dL) 104 (73) 140 (96) 0.08
Leutinizing hormone
(mU/mL) 10.0 (9.2) 7.8 (3.8) 0.032

Follicle-stimulating
hormone (mU/mL) 6.4 (3.0) 5.8 (2.2) 0.5

17b-Estradiol (pg/mL) 54.6 (43.5) 62.4 (53.1) 0.6
Testosterone (ng/mL) 0.74 (0.35) 0.87 (0.35) 0.2
SHBG (nmol/L) 27.4 (18.5) 24.6 (15.2) 0.7
Free androgen index 3.8 (3.5) 5.1 (4.0) 0.3

Data are means (SD). *Kruskal-Wallis test. †Multiplied by 1,000.
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acts in concert with intrinsic defects in insulin action
(24,25) or insulin secretion (26,27) to enhance the risk of
type 2 diabetes in PCOS. However, given the strong as-
sociation between higher BMI with diabetes even in the
general population (28), another important question is
whether PCOS poses an intrinsic risk for the development
of diabetes, whether there may be a synergistic effect be-
tween PCOS and high BMI, or finally whether the observed
association between PCOS and diabetes is entirely attrib-
utable to obesity, which is so frequent in women with
PCOS. This study does not provide a satisfactory answer to
this question because of a lack of an ad hoc control pop-
ulation. However, when incidence rates of diabetes were
stratified by class of BMI at baseline, the absolute risk of

diabetes increased steadily with BMI and was particularly
high for obese women (2.02 per 100 person-years, for an
incidence rate ratio equal to 4.44 vs. other women; P ,
0.001) (Table 4) (results were very similar using BMI at
the end of follow-up; data not shown). This finding is in
agreement with the observed increase of diabetes risk by
BMI in the general female population (28) and suggests that
BMI, and in particular obesity, may be crucial for the de-
velopment of type 2 diabetes in women with PCOS.

An interesting finding of the current study was the as-
sociation between higher levels of SHBG at follow-up and
the lower risk of type 2 diabetes in the study population.
These data are consistent with most of the results from
prospective studies performed in the general population
(29). There is increasing evidence that hyperandrogenemia,
per se, may reflect underlying metabolic dysfunction and
a tendency toward glucose intolerance in women (30,31).
Therefore, the first potential explanation of this association
is that SHBG may influence the occurrence of type 2 di-
abetes by modulating the biologic effects of free testosterone

TABLE 2
Selected characteristics of the sample classified by type 2 diabetes, at baseline (t0) and at follow-up (t1)*

Variables Patients with diabetes Patients without diabetes P†

n (%) 42 (16.9) 207 (83.1)
Mean (SD) follow-up duration (years) 19.0 (5.7) 16.5 (5.0) 0.006
Mean (SD) age in years (t1) 45.9 (8.3) 38.9 (6.9) ,0.001
Current cigarette smoking (%) (t1) 50.0 50.3 0.9
Family history of diabetes (%) (t1) 57.1 35.7 0.009
Metformin use (%) (t1) 71.4 23.1 ,0.001
Estroprogestinic therapy (%) (t1) 57.1 76.1 0.011
Mean (SD) BMI (kg/m2) (t0) 33.6 (5.6) 28.0 (6.8) ,0.001
Mean (SD) BMI (kg/m2) (t1) 35.7 (8.1) 28.9 (7.6) ,0.001
Mean (SD) change in BMI (kg/m2) (Dt0 – t1) 22.12 (6.93) 20.82 (5.17) 0.17
Mean (SD) waist circumference (cm) (t0) 97.3 (13.4) 87.2 (16.7) ,0.001
Mean (SD) waist circumference (cm) (t1) 110.6 (17.3) 89.5 (18.4) ,0.001
Mean (SD) change in waist circumference (cm) (Dt0 – t1) 213.9 (11.3) 25.45 (10.5) ,0.001
Mean (SD) fasting glucose (mg/dL) (t0) 94.1 (9.8) 85.4 (8.6) ,0.001
Mean (SD) glucoseAUC (mg/dL/min) (t0)‡ 13.0 (1.9) 10.8 (1.7) ,0.001
Mean (SD) fasting insulin (mU/mL) (t0) 31.5 (20.4) 16.2 (13.2) ,0.001
Mean (SD) HbA1c (%) (t0) 4.9 (0.6) 4.6 (0.4) 0.002
Mean (SD) testosterone (ng/mL) (t0) 0.80 (0.37) 0.73 (0.34) 0.2
Mean (SD) testosterone (ng/mL) (t1) 0.39 (0.26) 0.35 (0.20) 0.11
Mean (SD) change in testosterone (ng/mL) (Dt0 – t1) 0.40 (0.38) 0.38 (0.34) 0.7
Mean (SD) SHBG (nmol/L) (t0) 33.1 (16.4) 26.6 (17.2) 0.4
Mean (SD) SHBG (nmol/L) (t1) 32.7 (18.7) 70.2 (13.8) ,0.001
Mean (SD) change in SHBG (nmol/L) (Dt0 – t1) 4.5 (17.6) 242.5 (14.1) ,0.001

*Six subjects were excluded from the analyses of potential predictors of type 2 diabetes because they were patients with diabetes at baseline,
leaving a total of 249 women. †x2 test for categorical variables; Kruskal-Wallis test for continuous variables. ‡Multiplied by 1,000.

TABLE 3
Adjusted hazard ratios of type 2 diabetes according to selected
variables

Variables
Hazard ratio
(95% CI) P*

Age at follow-up, 5-year increase 0.95 (0.89–1.01) 0.059
Baseline BMI, one-point increase 1.10 (1.06–1.14) ,0.001
Baseline fasting glucose,
10 mg/dL increase 1.52 (1.01–2.29) 0.043

Baseline glucoseAUC,
1,000 mg/dL/min increase 1.44 (1.17–1.77) 0.001

Logarithm of SHBG at follow-up,
1 nmol/L increase† 0.12 (0.06–0.26) ,0.001

*Cox proportional hazards model based upon 249 observations: six
subjects with type 2 diabetes at baseline were excluded. All variables
that were not included in the model were not significant (even after
transformation or categorization when possible). †This variable
was log-transformed because of a relevantly skewed distribution
(Shapiro-Wilk test).

TABLE 4
Crude incidence rate of type 2 diabetes in the sample, overall and
according to BMI class

n/N (person-years
of follow-up)

Incidence rate
(95% CI) 3 100
person-years

Overall sample 42/249 (4,018) 1.05 (0.75–1.41)
BMI class (kg/m2)
,25 3/79 (1,216) 0.25 (0.05–0.72)
25–29.99 8/78 (1,269) 0.63 (0.27–1.24)
$30 31/92 (1,533) 2.02 (1.38–2.86)

n5 cases of diabetes; N 5 total number of women.
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on peripheral insulin sensitive tissues. However, it also is
possible that high levels of SHBG may contribute directly (by
still unknown mechanisms) to protect against the de-
velopment of type 2 diabetes (29). Although insulin is the
major negative factor in the control of SHBG synthesis in
the liver (2), the persistence of the association between
SHBG and diabetes after adjustment for baseline fasting
insulin levels in the multivariate analysis suggests that in-
sulin itself does not entirely account for the predictive
value of SHBG, according to what was previously shown in
the general female population (32). Similar conclusions can
be reached with oral contraceptive treatment that did not
enter into the Cox proportional hazards analysis, despite
the significantly higher prevalence of oral contraceptive
users in nondiabetic women with respect to diabetic
women and the knowledge that 3 months discontinuation
of oral contraceptives may not be sufficient to erase the
prolonged stimulatory effect of oral contraceptives on
SHBG synthesis (33). In addition, we cannot exclude the
possibility that low SHBG levels in diabetic subjects reflect
other coexisting diseases, such as hepatic steatosis (34),
not investigated in the current study, or blood glucose
levels themselves, as recently suggested by Selva et al.
(35). In this study, the authors found that the expression of
SHBG in hepatocytes were directly suppressed by either
monosaccharide-induced hepatic lipogenesis, which is in-
volved in the development of fatty liver, and by fructose or
glucose, independent of insulin, via a downregulation of
the hepatocyte nuclear factor 4a, a transcriptional factor
that has been associated with a form of maturity-onset
diabetes of the young.

Findings on the impact of treatments during the follow-
up period deserve some comments. Given the widespread
idea that metformin administration could prevent or delay
the development of type 2 diabetes in PCOS (10,36), an
unexpected result of the current study was that a relatively
long-term concurrent metformin use during the follow-up
was associated with an increased incidence of type 2 di-
abetes (40.3% among metformin users vs. 7.1% among
nonusers). However, the lack of a case-control design and
the fact that metformin was started in subjects with a more
compromised metabolic state, therefore intrinsically more
at risk for developing type 2 diabetes, imply caution in
drawing any conclusion. In addition, considerable vari-
ability in the metabolic responses to metformin has been
observed in women with PCOS, attributably to several po-
tential factors such as different doses of the drug and ge-
netic background (37), which were not considered in the
current study.

An interesting finding was related to the long-term use of
oral contraceptives, which had no significant impact on the
development of type 2 diabetes. Although the data are bi-
ased by the fact that oral contraceptives were administered
to women with PCOS with more severe clinical hyper-
androgenism, they are in agreement with what was pre-
viously observed in healthy women (38,39).

Although the strength of our study is the prospective
design and the long period of follow-up, the absence of
a non-PCOS control group is nonetheless a major limi-
tation, although we extrapolated a comparison with the
Italian data on the prevalence of type 2 diabetes in the
general female population. Also, the use of the general
Italian population as the control group might be a source
of bias related to geography, as we enrolled most partic-
ipants from northern Italy. However, the prevalence of
diabetes seems to be relatively homogeneous across Italy

(40). Thus, if a bias as a result of the geography of the
study site occurred, it is likely to be small.

In conclusion, this study gives consistency to available
data in demonstrating that the risk of type 2 diabetes is
markedly elevated in women with PCOS in middle-age and
therefore reinforces the need for routine screening of
PCOS for diabetes over time. In addition, these data pro-
vide further clinical insights in support of targeting BMI,
glucose (fasting and after glucose ingestion), and SHBG
circulating levels in risk stratification and intervention
for the maintenance of glucose homeostasis. Taking into
account the limits of this study, additional long-term pro-
spective case-control studies are warranted to support
these suggestions.
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