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Polycystic ovary syndrome (PCOS) is the commonest
endocrinopathy affecting women of reproductive age,
manifested with a variety of clinical signs, none of which
is pathognomonic. The association of insulin resistance
and reproductive abnormalities with clinical hyper-
androgenism in a woman was first demonstrated by
Achard and Thiers in the “diabetes of bearded woman.”
The link of PCOS with insulin resistance was subse-
quently established by clinical studies characterizing
the profound insulin resistance in obese and lean
PCOS patients. Insulin resistance, hyperinsulinemia,
and beta-cell dysfunction are very common in PCOS,
but are not required for the diagnosis. The numerous
in vivo and in vitro data supporting the central role of
insulin resistance in the pathogenesis of PCOS found
a broad clinical application in the management of the
syndrome, where the regulation of cycle abnormali-
ties and the facilitation of pregnancy in obese PCOS
patients was assisted by co-administration of agents
such as the well-known insulin sensitizers. The docu-
mentation of the presence of insulin resistance con-
tributed substantially to unravel several metabolic com-
ponents present in the syndrome. Today our knowledge
about PCOS appears to have broader health implica-
tions and to have profoundly altered our view of the
gravity of this condition.
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Introduction

Polycystic ovary syndrome (PCOS), a complex and hetero-
geneous disorder, is widely accepted as the commonest cause
of anovulatory infertility. It is the most common endocrine
disorder of women in reproductive age and affects 6–6.7%
in this population (1–3). The syndrome is characterized by
clinical and/or biochemical signs of excess androgen secre-
tion and chronic anovulation. About 50–70% of all women

with PCOS have some degree of insulin resistance, and this
hormone insensitivity probably contributes to the hyper-
androgenism of PCOS (4). The definition of this enigmatic
disorder still remains an unsolved problem and has been an
issue of great and continuous debate among experts.

In 1990, the National Institutes of Health (NIH) spon-
sored a conference on PCOS where they put forward the
diagnostic criteria of chronic anovulation and hyperandro-
genemia, after exclusion of related disorders (4).

Recently, in 2003, an experts meeting in Rotterdam, spon-
sored by European Society of Human Reproduction and
Embryology (ESHRE) and the American Society for Re-
productive Medicine (ASRM), suggested that the definition
of PCOS should include two of the following three criteria:
(i) oligo- and/or anovulation, (ii) clinical and/or biochem-
ical signs of hyperandrogenism, (iii) polycystic ovaries on
ultrasonography, and exclusion of other hyperandrogenic
disorders (5,6).

Further guidelines may be necessary in order to include
all possible clinical phenotypes of this syndrome, as it is
evident by the preponderance of combinations of diagnos-
tic criteria used among different groups of the specialists
(7). Among many hormonal and metabolic aberrations that
have been associated with the syndrome, insulin resistance
appears to play a leading role in the pathogenesis of PCOS,
linked with increased prevalence of impaired glucose toler-
ance (IGT) and type 2 diabetes mellitus (DM2) (8,9). In non-
obese PCOS women, IGT was found in 10.3% and DM2 in
1.5% (10). In the Mediterranean region, a study by Gambineri
et al. showed that in women of reproductive age with PCOS
(range 14–37 yr), the prevalence of IGT and of DM2 was
15.7% and 2.5%, respectively. Most interestingly, as in other
insulin resistant states, PCOS appears to be associated with
increased cardiovascular risk factors, dyslipidemias, endo-
thelial dysfunction, and defective fibrinolysis (11,12).

Definition of Insulin Resistance

Insulin has a broad range of metabolic and mitogenic
actions in many tissues (13). It is important to specify the
biological action of insulin being measured as well as the
tissue being considered, because its action is regulated not
only by changes in its concentration but also through changes
in the sensitivity of target tissues to hormone action (13).
Insulin resistance has been defined as a state (of a cell, tissue,
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or organism) in which a greater than normal amount of
insulin is required to elicit the appropriate response (14).
Increased insulin secretion by β-cells is the normal response
and compensatory hyperinsulinemia follows. As long as
hyperinsulinemia overcomes insulin resistance, glucose
levels remain normal; if β-cells compensatory response de-
clines, relative or absolute insulin insufficiency develops,
with metabolic consequences, i.e., IGT and DM2.

The WHO describes insulin resistance as a glucose up-
take below the lowest quartile under hyperinsulinemic eugly-
cemic conditions for the background population (15). Rea-
ven originally identified 25% of the general population as
insulin resistant (16). The European Group for the Study of
Insulin Resistance took a more restricted view, defining
insulin resistance as the sensitivity index (SI) of the lowest
10% of a nonobese, nondiabetic, normotensive Caucasian
population (17). The concept of insulin resistance is rela-
tively easy to understand, but identifying precisely the indi-
vidual with insulin resistance is a more complicated task;
therefore, establishing limits for normal degrees of insulin
sensitivity is arbitrary.

Great variability among populations has been shown and
is influenced by age, ethnicity, and obesity; therefore, cau-
tion should be exercised when applying values from one
population to another. Furthermore, although the pathogene-
tic mechanisms of insulin resistance remain under intensive
investigation, the intracellular pathways of insulin action
are only just being uncovered (18–20).

Because not all women with PCOS are insulin resistant,
assessment of insulin sensitivity quantitatively may allow
identification of patients at higher risk for metabolic seque-
lae, including the development of diabetes and may also allow
the selection of patients most likely to respond to treatment
with insulin-sensitizing drugs.

Mechanisms of Insulin Resistance in PCOS

PCOS is characterized by hyperandrogenemia and chronic
anovulation (21–23), and is associated with a number of car-
diovascular risk factors like insulin resistance, glucose intol-
erance, dyslipidemia, coagulopathy, endothelial dysfunc-
tion, and inflammation (4–6,24,25).

Dunaif, in very elegant studies, has shown that insulin
resistance is a unique and common finding in women with
PCOS, independent of obesity, and has demonstrated that
the OGTT in lean and obese women with PCOS had an ab-
normal hyperinsulinimic response compared with matched
controls and hirsute women. Studies with the euglycemic
clamp technique indicate that insulin resistance is present
in both obese and nonobese women with PCOS compared
to age- and weight-matched normal women (26).

It has been also shown by other investigators (27) in lean
PCOS patients compared with lean controls, that reduced
insulin sensitivity is a feature of the syndrome. Furthermore,
a twofold reduction in insulin sensitivity in obese PCOS

has been observed, suggesting the additive role of obesity
to insulin resistance in PCOS (26,27).

Contradictory data also exist in the literature. Reports
using an intravenous glucose tolerance test or a hyperinsul-
inemic euglycemic clamp found normal insulin action in
normal weight PCOS patients. Ovesen et al. found in a case-
control study normal basal and insulin-stimulated glucose
utilization in lean PCOS patients with marked hyperandro-
genemia (28).

The heterogeneity of studied populations is one of the
major factors that have enhanced the discrepancies between
the results from different research groups. The variation
depends on diagnostic criteria, methods of assessment of
insulin resistance (29), ethnic background, and the presence
of family history of DM2 (30).

The mechanisms of the impaired glucose utilization in
PCOS continue to be largely unknown, despite extensive
study. However, it appears that it is a result of a combined
abnormality between defective insulin response of insulin-
sensitive tissues to insulin action and inappropriate β-cell
response to the increased demands.

βββββ -Cell Dysfunction

β-Cell function has been shown to be significantly re-
duced in PCOS (31) during a frequently sampled intrave-
nous glucose tolerance test. O’Meara et al. (32) analyzed
β-cell function in PCOS and seven weight-matched controls
using the hyperinsulinemic euglycemic clamp. Although
glucose concentrations in both groups were within the nor-
mal range, PCOS patients had higher basal and 24-h insulin
concentrations. The increased insulin concentrations re-
flected both a reduced clearance and an increased secretion
of insulin in PCOS. By contrast, their incremental insulin
secretory response to meals was markedly reduced. This
reduction in postprandial response resulted from a reduc-
tion in the amplitude rather than from a reduction in the fre-
quency of pulses. These secretory patterns resemble those of
DM2 (32). Furthermore, it has been found that obese ado-
lescents with PCOS and IGT display impaired first-phase
insulin secretion, decreased glucose disposition index, and
increased hepatic glucose production (33). Both obese and
nonobese PCOS women may exhibit β-cell dysfunction
and insulin resistance, but it has been shown that only obese
PCOS women have increased glucose production (30).

This effect of obesity and PCOS on hepatic glucose pro-
duction is an important factor in the pathogenesis of glu-
cose intolerance as is also seen in DM2, where genetically
impaired insulin action is enhanced by insulin resistance,
induced by environmental factors. In another study the in-
sulin disposition index was significantly decreased by PCOS
and obesity suggesting that obesity and PCOS exert a syner-
gistic negative effect (34).

Colilla et al. (35) examined insulin sensitivity and insu-
lin secretion in families of PCOS patients and disclosed a
heritable component to β-cell dysfunction in families of
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women with PCOS. The authors concluded that heritabil-
ity of β-cell dysfunction is likely to be a significant fac-
tor in the predisposition to diabetes in PCOS. Weight loss
results in significantly improved insulin resistance, but the
β-cell defect remains (36), suggesting that it may be the
primary abnormality in PCOS (37).

Molecular Defects in Insulin Action

The molecular mechanisms underlying insulin resistance
are not yet completely understood, but seem to be different
than other insulin-resistant states, such as DM2, and are con-
sidered to be a unique and intrinsic features of PCOS (38,39).
The defect in insulin action in PCOS women appears to be
selective, affecting metabolic but not mitogenic actions in-
cluding glucose metabolism but not cell growth (38). Under
physiological conditions, the binding of insulin to the cell
surface receptors gives rise to a long cascade of molecular
alterations that lead to signal transduction and result in ini-
tiation of its actions in target tissues (18). Insulin action is
mediated through a protein tyrosine kinase receptor. The
β-subunit of the insulin receptor contains a tyrosine kinase,
whose activity is enhanced via autophosphorylation of the
tyrosine residues and inhibited by serine phosphorylation.
The activated tyrosine kinase phosphorylates substrates in-
side the cell, in order to initiate signal transduction. Among
these substrates are IRS-1 and IRS-2 (20). In muscle tissue,
IRS-1 acts as a major docking protein that is phosphorylated
in regions which contain specific amino acid sequence mo-
tifs that act as recognition sites for proteins containing SH2
domains. In the liver, IRS-2 is the primary docking protein.
Phosphorylation of the tyrosine residues of IRS-1 leads to
the activation of PI3-kinase, which is composed of an 85-
kDa regulatory subunit and a 110-kDa catalytic subunit,
resulting in the stimulation of glucose transport and activa-
tion of glycogen synthase.

To evaluate the postbinding defect in insulin action in
PCOS, Book, Dunaif, and colleagues (40) examined the meta-
bolic and mitogenic actions of insulin and IGF-I in cultured
skin fibroblasts from PCOS and control women. They con-
cluded that there is a selective defect in insulin action in
PCOS fibroblasts that affects metabolic, but not the mito-
genic signalling pathways (40).

This defective signaling in insulin action was present
in only half of the PCOS women examined, while in the
remaining 50% of PCOS women there was no such defect,
suggesting the possibility of an impairment of the signal
transduction in other steps of intracellular pathways such
as phosphorylation of IRS-1 or activation of PI3-kinase.
Dunaif continued her research and studied an insulin-sen-
sitive tissue, skeletal muscle, where biopsies in the quadri-
ceps muscles were performed in PCOS and control women.
The data from this experiment confirmed the presence of a
postbinding defect in insulin action as indicated by the sig-
nificantly decreased activity of the PI3-kinase in associa-
tion with insulin-mediated glucose disposal (41).

Furthermore, additional experiments by the same inves-
tigator as well as others revealed different defects of insulin
intracellular signal transduction. GLUT-4 glucose transport-
ers (found in insulin-sensitive tissues, muscle and adipo-
cytes) have been shown to be decreased in adipocytes of
PCOS women, independent of obesity (42).

Recently, several substances produced by adipose tissue
(adipocytokines) have been shown to come into play in the
multiple pathophysiological defects of PCOS. An overex-
pression of the resistin gene in adipocytes may be a local
determinant factor in the pathogenesis of PCOS. Resistin
is a protein hormone thought to modulate glucose tolerance
and insulin action. Seow et al. (43) compared serum resistin
levels in PCOS women and in lean, healthy, age-matched
non-PCOS women and showed that serum resistin levels
were similar in PCOS patients and controls. However, resis-
tin mRNA levels were twofold higher in adipocytes from
PCOS patients. Panidis et al. (44) analyzed resistin levels,
which were found to be significantly increased in anovula-
tory women with PCOS (BMI >25 kg/m2). These findings
suggest that resistin is unlikely to be a major determining
factor of PCOS-associated insulin resistance. Adiponectin
is regarded as a possible link between adiposity and insulin
resistance in PCOS. Recent reports have shown that serum
adiponectin levels were reduced in obese PCOS women com-
pared to lean PCOS women and healthy controls (45,46).

Insulin Resistance and Ovary Function

Several studies have demonstrated a positive correlation
between fasting insulin and androgen levels in women with
PCOS (47). The primary defect remains unresolved as it is
unclear whether hyperandrogenism results from the hyper-
insulinemia or vice versa. Both insulin and IGF-1 stimulate
the synthesis of androgens in ovarian tissue as was first shown
in vitro experiments from polycystic ovarian tissue (48).

During the past two decades a large number of in vitro
studies have shown that in the ovaries of PCOS women ex-
cess insulin is capable of stimulating steroidogenesis and ex-
cessive androgen production from the theca cell system (49).

Nestler et al. showed, in very well designed studies, that
insulin produced a greater increase in androgen production
by theca cells isolated from women with PCOS than in
cells obtained from subjects without PCOS, and that this
effect is mediated specifically through the insulin receptor
rather than through the IGF-1 receptor (50). It is possible
that hyperinsulinemia as a result of insulin resistance, poten-
tiates LH effect on ovarian theca cells to cause androgen
excess, because the theca cells from PCOS women are in-
trinsically programmed to overproduce androgens (51). The
excess in local ovarian androgen production induced by
excess circulating insulin may also cause premature follic-
ular atresia and possibly contribute to anovulation (50,52).

There are two other important actions of insulin, which
contribute to hyperandrogenism in PCOS. The inhibition
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of SHBG synthesis in liver by excess insulin may further
increase the delivery of free androgens to target tissues. This
relationship is so strong that SHBG concentrations have been
proposed as good markers for insulin resistance (53). In
vivo, numerous studies have subsequently shown that both
acute and chronic hyperinsulinaemia can stimulate testos-
terone production and that suppression of insulin levels can
conversely decrease blood androgen concentrations (54).

On the other hand, decreasing hyperandrogenemia by
bilateral oophorectomy (55) or the administration of a GnRH
agonist (56) has not demonstrated improvement in insulin
resistance in PCOS.

Diamanti-Kandarakis et al. (57) have also reported that
antiandrogen therapy did not alter insulin sensitivity assessed
by euglycemic clamp, in lean and obese PCOS women.

It is possible, however, that androgens may contribute to
some extent to the associated insulin resistance of PCOS,
as some investigators have found that insulin resistance
was partially reversed during androgen suppression (58) or
with antiandrogen treatment (59). It should be made clear,
however, that not all patients with hyperinsulinemia also
have hyperandrogenemia. Conn et al. (60) have shown that
although 82% of women with DM2 had polycystic ovaries
on ultrasound, only 52% had clinical evidence of hyperan-
drogenism and/or menstrual disturbance, suggesting that
hyperinsulinemia alone is not sufficient for the expression of
the syndrome. In some studies has been claimed that women
with the PCOS hyperandrogenism and chronic anovulation
appear to be more insulin resistant than women hyperan-
drogenism alone (61).
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