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The link between polycystic ovary
syndrome and Type 2 diabetes:
what do we know today?

Practice Points

Thozhukat Sathyapalan†1 & Stephen L Atkin1
 Polycystic ovary syndrome (PCOS) is identified as a significant nonmodifiable risk factor associated with

Type 2 diabetes mellitus (T2DM) by the International Diabetes Federation.
 Approximately 40% of the economic costs of PCOS can be attributed to T2DM, which highlights the

need for the prevention of the long-term complications through appropriate screening, diagnosis
and intervention.
 The cause of insulin resistance in women with PCOS appears to be, at least in part, related to obesity.
 Women with PCOS have a type of insulin resistance that is independent and additive with that of obesity.
 There is emerging evidence that chronic anovulation as seen by oligo or amenorrhea identifies a group

of women at marked increased risk for T2DM.
 A high prevalence of polycystic ovaries has been detected among females of a reproductive age who

present with T2DM.
 In PCOS, a family history of diabetes has been found to further magnify the severity of insulin secretory

defects compared with PCOS women without a family history.

Summary

Polycystic ovary syndrome (PCOS) is a common condition estimated to
affect 4–18% of women of reproductive age. PCOS is associated with reproductive and
metabolic sequelae. These sequelae include increased risk factors for impaired glucose
tolerance, Type 2 diabetes mellitus (T2DM) and cardiovascular disease. Insulin resistance is
proposed as a key pathophysiological feature of PCOS contributing to both the reproductive
and metabolic disturbances as well as contributing to an increased cardiometabolic risk for
women with PCOS. In this article we have discussed the inter-relationship between PCOS,
insulin resistance and T2DM as well as various risk factors present in women with PCOS that
predisposes them to develop T2DM.
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Populations with a high prevalence of insulin
resistance are known to be at increased risk for
impaired glucose tolerance (IGT), Type 2 diabetes
(T2DM) and cardiovascular disease (CVD) [1,2] .
Polycystic ovary syndrome (PCOS) is associated
with reproductive and metabolic (IGT, T2DM
and CVD) sequelae [3] , and there is an increasing focus on the complications associated with
metabolic disturbances among women with
PCOS as it is a common condition estimated to
affect 4–18% of women of reproductive age [4–6] .
Approximately 40% of the economic costs of
PCOS can be attributed to T2DM in the USA,
which highlights the need for the prevention of
the long-term complications through appropriate
screening, diagnosis and intervention [7] .
Currently two definitions of PCOS are in
widespread use. According to the 1990 NIH
Conference about PCOS, diagnostic criteria
should include the evidence of hyperandrogenism and ovulatory dysfunction as an essential
part of the diagnosis, without any regard to
the morphological diagnosis of polycystic ovaries (PCO) by ultrasonography. However, the
Rotterdam consensus statement recommends
that the presence of two or three of the following
criteria are required for the diagnosis of PCOS:
 Oligo and/or anovulation;
 Clinical and /or biochemical signs of

hy perandrogenism;
 Echographic PCO, after the exclusion of other

pathologies with a similar clinical presentation
such as congenital adrenal hyperplasia, Cushing’s syndrome and androgen-secreting
tumors [8] .
Potential links involving insulin resistance,
hyperandrogenism & PCOS
The potential links between hyperinsulinemia
and the increased androgen production
observed in PCOS includes direct stimulation of ovarian androgen secretion by insulin, possibly through stimulatory effects on
the 17a‑hydroxylase/17,20‑lyase and P450 scc
enzymes; direct stimulation of luteinizing hormone (LH) secretion by insulin or sensitization
of LH-secreting pituitary cells to gonadotropinreleasing hormone stimulation; up-regulation of
ovarian IGF‑1 receptors with the amplification of
IGF‑I, IGF‑II and insulin actions in the ovary;
decreased levels of sex hormone binding globulin (SHBG), with concomitant elevation of free
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androgens; decreased insulin-like growth factor
binding protein‑1 production, both in the liver
and in the ovary, with concomitant elevation of
free IGFs in the circulation and in the ovary;
and the synergistic growth- and cyst-promoting
action of insulin and LH [9] .
It has been proposed that hyperandrogenemia
may contribute to insulin resistance in PCOS
and that hyperinsulinemia can promote hyperandrogenism [10] . Although androgen levels in
PCOS have been reduced and their action blocked
by the use of gonadotropin-releasing hormone
agonists and androgen receptor blockers, suppression of ovarian or adrenal steroidogenesis has not
improved insulin resistance [11] , although in some
studies antiandrogens such as flutamide and spironolactone have led to partial improvement [12] .
Ovarian cautery, which lowers androgen secretion, does not alter insulin resistance [13] . Direct
administration of androgens to oophorectomized
women has no effect on insulin levels, although it
increases circulating levels of IGF‑I and suppresses
SHBG [9,14] . On the other hand, pharmacological
reduction in the level of hyperinsulinemia, either
by insulin sensitizers such as metformin or troglitazone, or by insulin secretion inhibitors such as
octreotide or diazoxide, has consistently improved
circulating androgen levels [9] . In addition, the
occurrence of hypera ndrogenism in states of
extreme insulin resistance other than PCOS [15]
and in association with hyperinsulinemia induced
by valproate therapy for epilepsy [16] supports a
primary role for insulin excess in producing
ovarian dysfunction [10] .
The cause of insulin resistance in women with
PCOS appears to be, at least in part, related to
obesity, and insulin resistance is not present in
all women with PCOS [17] . Whether there is a
component of insulin resistance in PCOS independent of the insulin resistance of obesity will be
clarified once the specific molecular mechanisms
of insulin resistance in both of these conditions
are better understood [10] . It has been proposed
that the pathogenesis of PCOS is different in
obese and nonobese women, with insulin resistance and hyperinsulinemia playing a central
role in obese patients and abnormalities of the
GH–IGF‑I axis being important in PCOS in lean
women [10,18] .
Risk factors for CVD in PCOS
Risk factors for T2DM and CVD in PCOS
include insulin resistance, obesity, abdominal
obesity, dyslipidemia and inflammation. Greater
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endothelial dysfunction, arterial stiffness, presence of carotid and aortic plaque, carotid intimamedia wall thickness and coronary artery calcification [19–21] have all been reported in women
with PCOS compared with controls. PCOS
is also identified as a significant nonmodifiable risk factor associated with T2DM by the
International Diabetes Federation [22] and
women with PCOS are also proposed to have a
more rapid conversion from IGT to T2DM [23] .
Epidemiological studies suggest that T2DMassociated morbidity, estimated over a 20- to
30‑year follow-up, is higher [24,25] . Although
epidemiological evidence is not yet complete,
available evidence indicates more frequent CVD
deaths in women with PCOS [26] . Furthermore,
women with PCOS have an elevated prevalence
of the metabolic syndrome [21,27] and individuals
with the metabolic syndrome are at increased risk
for T2DM and CVD [28,29] . Even adolescents
with PCOS commonly have IGT, T2DM and
the metabolic syndrome, suggesting an adverse
contribution of PCOS to metabolic health across
the female lifespan [30,31] . Therefore, there is an
increasing body of literature indicating an elevated prevalence of IGT, T2DM, the metabolic
syndrome, risk factors for CVD and potentially
CVD in PCOS.
Insulin resistance in women with PCOS is
independent as well as additive to the insulin resistance related to obesity [32,33] . With
PCOS and obesity together causing the greatest impairment of insulin sensitivity, insulin
resistance occurs in approximately 50–70% of
women with PCOS and in 95% of obese women
with PCOS [34,35] . Consequently, IGT as a predictor of T2DM and premature CVD mortality
are highly prevalent in women with PCOS [36] .
Girls with PCOS experience a high prevalence
of IGT and T2DM during adolescence [30] . Up
to 40% of women with classic PCOS develop
IGT or T2DM by the fourth decade of life,
with age and weight gain worsening glycemic
control [23,37,38] .
In a systematic review and meta-analysis,
women with PCOS presented with a greater
prevalence of T2DM than women without
PCOS on fixed-effects analysis (odds ratio
[OR]: 4.43; 95% CI: 4.06–4.82) (Figure 1a)
and random-effects analysis (OR: 3.16 ;
95% CI: 1.87–5.32); however, significant statistical heterogeneity was evident [39] . Women
with PCOS had a greater prevalence of T2DM
than women without PCOS on fixed-effects
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analysis (OR: 4.00; 95% CI: 1.97–8.10)
(Figure 1b) and random-effects analysis (OR:
4.68; 95% CI: 2.29–9.56) [39] .
Women with classic PCOS, therefore, have a
fivefold increased risk of developing T2DM over
8 years versus age-matched and weight-matched
healthy women without PCOS [37] , although
only 12% of patients with PCOS without obesity
developed glucose abnormalities over a period of
6 years [23] . It has been shown that PCOS is
associated with a 2.5-fold increased prevalence
of IGT and a fourfold increased prevalence of
T2DM [39] .
Risk of conversion from normo/impaired
glycemia to diabetes in PCOS
Natural history supportive of significant worsening of glucose tolerance would support more
aggressive identification and treatment of this
disorder in PCOS women. In a follow-up study
of 25 women with PCOS, there was a significant
increase in the mean 2 h glucose values when oral
glucose tolerance was performed at baseline and
over a 3-year average period of follow-up [36] . In
another small study there was a trend towards
worsening glucose tolerance in those who were
followed up after an average time of 6.2 years [23] .
Conversion rate was high with 9% of normoglycemic women at baseline developing IGT and a
further 8% moving directly from normoglycemia to T2DM. For women with IGT at baseline,
54% had T2DM at follow-up. A greater BMI at
baseline was an independent significant predictor
of conversion risk. These data support a worsening of glucose intolerance over time and the
need for periodic screening. Two studies reported
either insignificant increases in T2DM incidence
[37] or insignificantly higher conversion rates from
normal glucose tolerance to IGT or T2DM for
women with PCOS compared with women without PCOS [40] . A population attributable risk of
15–35.6% of incident cases of T2DM attributable to PCOS has also been reported [41] . In studies lacking appropriate control groups, IGT and
T2DM incidence and conversion from IGT to
T2DM are reported as 1.5, 2.6 and 8.7%, respectively (6.2‑year follow-up) [23] , and 18.9, 8.3 and
11.9%, respectively (2.4‑year follow-up) [36] . In
the general population in Australian women, the
AusDiab study reported 1.3% incidence of IGT,
0.7% incidence of T2DM and 2.9% conversion
from IGT to T2DM over 5 years [42] . This supports the concept that risk for IGT and T2DM
are increased in women with PCOS. However,
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PCOS
Study or subgroup

Events

Control
Total Event

Odds ratio

Odds ratio

Total Weight (%) M-H, fixed, 95% CI Year
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0
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3
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0.6
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3
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0
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Marquez et al. [116]

6
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3
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6.6
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6
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2
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0.7

1.33 [0.26, 6.67] 2009

Moini et al. [119]

4
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0
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9.23 [0.49, 172.33] 2009

56959

100.0

Shaw et al. [117]

Total (95% CI)
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4.43 [4.06, 4.82]
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Heterogeneity: χ2 = 26.82, df = 12 (p = 0.008); I2 = 55%
Test for overall effect: Z = 33.93, (p < 0.00001)
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2
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0
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9.0

2.80 [0.13, 59.82] 1996

Cibula et al. [109]

9
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5.46 [2.37, 12.60] 2000
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1

30

0

30
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3.10 [0.12, 79.23] 2001

Sawathipamic et al. [112]

3

6

0

6
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19
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4.00 [1.97, 8.10]

63

Heterogeneity: χ2 = 4.27, df = 5 (p = 0.51); I2 = 0%
Test for overall effect: Z = 3.84, (p = 0.0001)
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Figure 1. Prevalence of Type 2 diabetes in women with and without polycystic ovary syndrome. Type 2 diabetes prevalence in
women with and without PCOS (A) and subgroup meta-analysis (B) of Type 2 diabetes prevalence in women with and without PCOS in
BMI-matched study populations.
PCOS: Polycystic ovary syndrome.
Adapted with permission from [39].

the incidence and/or conversion literature is limited by small numbers or methodological concerns including confounding because of medication use, T2DM diagnosis or family history
T2DM status or absence of non-PCOS controls
where nonmatched comparisons to population
data are extrapolated.
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Risk factors for the development of
diabetes in women with PCOS

Obesity, PCOS & diabetes

Obesity is one of the clearest risk factors for
developing diabetes. Even women of average
weight (BMI 23–23.8 kg/m 2 ) were at substantial increased risk for diabetes (relative
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risk 3.6) when compared with thinner women
(BMI <22 kg/m2) [43] . It has been estimated that
50% of women with PCOS are obese this can
vary greatly between populations. In an English
population of PCOS women, approximately
40% of patients were obese [44] , whereas in the
USA obesity and morbid obesity is much more
common – up to 80% [36] . Although approximately 10% of thin women with PCOS can have
glucose intolerance, there is a stepwise increase
in prevalence as BMI increases [36] .
Many studies have also identified a centripetal pattern of obesity in obese PCOS women,
that may further contribute to diabetes risks in
these women [45] . Simple obesity is associated
with a greater deposition of gluteo–femoral fat
while centripetal obesity involves greater truncal
abdominal fat distribution. Hyperandrogenism
is associated with a preponderance of fat localized to truncal abdominal sites [46] . Women with
PCOS have a greater truncal abdominal fat distribution as demonstrated by a higher waist:hip
ratio [46,47] . The central distribution of fat in these
studies was independent of BMI and associated
with higher plasma insulin and triglyceride concentrations and reduced high-density lipoprotein
cholesterol concentrations [48] .
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with PCOS are young and develop compensatory hyperinsulinemia from insulin resistance,
with IGT detectable more readily by oral or
intravenous glucose testing than by basal glucose
measures [53] . Whereas women with PCOS have
normal or exaggerated insulin secretory responsiveness, many, particularly those with a family
history of T2DM, show impaired b‑cell function or a subnormal disposition index (an index
of b‑cell function that takes insulin resistance into
account) [54,55] . A challenge to the assessment of
insulin resistance is the imperfect correlation of
surrogate measures such as fasting insulin and
glucose levels compared with gold standard
techniques such as the euglycemic clamp [56] .
The increase in insulin resistance in women
with PCOS compared with appropriate controls
is of a similar magnitude to that seen in T2DM
and is independent of obesity, glucose intolerance,
increases in waist:hip:girth ratio as well as differences in muscle mass [15,33] . The synergistic negative effect of obesity and PCOS on hepatic glucose
production is an important factor in the pathogenesis of glucose intolerance in PCOS. Insulin
resistance is thought to be the primary pathogenetic defect leading to the development of T2DM
and prospective population studies have identified
it as an independent risk factor for T2DM [57] .


Insulin resistance in PCOS

The initial suggestions of the relationship between
hyperandrogenism and PCOS were reported in
the descriptions of syndromes of extreme insulin resistance in the 1970s, which were subsequently found to be owing to insulin receptor
mutations or autoimmune antibodies to insulin
receptor [49,50] . In the 1980s it was found that
the plasma insulin levels during an oral glucose
tolerance test were elevated in eight obese subjects with PCOS, compared with controls [51] .
In addition, there was a significant correlation
between basal insulin measurements with both
serum testosterone and androstenedione concentrations and between insulin response during the
oral glucose tolerance test and serum testosterone
concentrations. Subsequently it was shown that
many women with PCOS have insulin resistance beyond that predicted by their BMI, with
50–70% of these women demonstrating insulin
resistance by various measures [35] . Studies have
shown that approximately 30–65% nonobese
women with PCOS have a mild degree of insulin
resistance [52] . Insulin resistance causes compensatory hyperinsulinemia, which drives many of
the phenotypic features of PCOS. Most women
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b‑cell dysfunction in PCOS

One of the most common prevailing theories
about the etiology of T2DM proposes that the
primary pathogenetic defect is peripheral insulin resistance resulting in compensatory hyper
insulinemia. Over time there is b‑cell dysfunction leading to inadequate secretion of insulin
and ultimately to b‑cell exhaustion and the development of frank T2DM. There is now a relatively
substantial body of literature confirming b‑cell
dysfunction in PCOS [57–60] . Basal insulin levels
are increased and insulin secretory response to
meals has been shown to be reduced in PCOS
women [60] . This dysfunction is also independent
of obesity [58] . However, b‑cell dysfunction per se
is not thought to be an independent risk factor
for CVD.

Chronic anovulation, PCOS & T2DM

Chronic anovulation as seen by oligo or amenorrhea has not been traditionally identified as a
risk factor for diabetes. However, there is emerging evidence that this symptom alone identifies
a group of women at marked increased risk for
T2DM. In the Nurses’ Health Study II, a largely
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non-Hispanic white group, there was a significant
increase in the risk for T2DM in women with
oligo or amenorrhea. Women with a cycle length
of 40 days or greater, including those with complete amenorrhea, had more than twice the risk
for developing T2DM compared with women
with regular menstrual cycles 21–39 days in
length [61] . In studies of insulin-sensitizing agents
in women with PCOS, an increase in cycle length
at baseline (i.e., decreased menstrual frequency)
has been associated with a decreased likelihood
of response [62,63] . Thus, fewer menstrual cycles
may identify a greater risk for diabetes or failure
to respond to insulin-sensitizing therapy within
the population of females with PCOS.


Previous gestational diabetes, PCOS

& T2DM

While a history of gestational diabetes is a
clear risk factor for T2DM, it is uncertain how
much the diagnosis of PCOS increases this risk.
Again both disorders involve a marked reduction
in peripheral insulin sensitivity [73] . In Latino
women with a history of gestational diabetes
mellitus (GDM), cumulative conversion rates as
high as 80% over 5 years have been reported [74] .
Women who present with gestational diabetes
have a higher prevalence of PCO detected postpartum [75,76] and this can be associated with
persistent postpartum glucose intolerance [77] .
The impact of pre-existing glucose intolerance in
a woman with PCOS is less certain, but probably

Hyperandrogenism, PCOS & T2DM
increases the risk [77] . Hyperinsulinemia may be
The relationship between hyperandrogenism and an independent risk factor for developing gestadiabetes is complex, since there is no linear rela- tional diabetes in women with PCOS [78] . No
tionship between the degree of androgen excess additional risk of gestational diabetes has been
and markers of insulin action. Nonetheless there detected by others [79] .
In a meta-analysis of pregnancy outcomes
is increasing evidence that hyperandrogenemia
per se may reflect underlying metabolic dysfunc- in PCOS, women with PCOS demonstrated
tion and a tendency to glucose intolerance. This a significantly higher chance of developis not only based on the classic association of ing gestational diabetes (OR: 2.94; 95% CI:
diabetes with ‘bearded ladies’ [64] , but also on 1.70–5.08) [80] . However, significant heterogerare syndromes of marked elevated hyperandro- neity between the studies was detected in this
genemia, marked insulin resistance and acan- meta-analysis in relation to GDM. However,
thosis nigricans, the hyperandrogenism, insulin in this meta-analysis women with PCOS are at
resistance and acanthosis nigricans syndrome [65] . increased risk of other pregnancy and neonaSisters of probands with PCOS who have iso- tal complications including pregnancy-induced
lated elevated testosterone levels are hyperinsu- hypertension (OR: 3.67; 95% CI: 1.98–6.81),
linemic [66] . Others have shown increased rates preeclampsia (OR: 3.47; 95% CI: 1.95–6.17)
of glucose intolerance among first-degree male and preterm birth (OR: 1.75; 95% CI: 1.16–
and female relatives of women with PCOS [66,67] . 2.62). Their babies had a significantly higher
risk of admission to a neonatal intensive care

unit (OR: 2.31; 95% CI: 1.25–4.26) and a
Polycystic ovaries & T2DM
Polycystic ovaries with diabetes are noted in follow higher perinatal mortality (OR: 3.07; 95% CI:
-up studies of aging populations with a prior 1.03–9.21), unrelated to multiple births [80] . In
diagnosis of PCOS. PCO have been found in up another systematic review and meta-analysis
to 30% of a random female population [68] , and evaluating the risk of GDM in PCOS, women
their presence does not necessarily signal meta- with PCOS demonstrated a significantly higher
bolic abnormalities such as glucose intolerance. risk for the development of GDM as compared
Many women with PCO appear to have nor- with women without PCOS (OR: 2.89; 95% CI:
mal endocrine functions, without hirsutism or 1.68–4.98), however, there was significant stairregular menses [69] . Nonetheless more intensive tistical heterogeneity. In the subgroup of cohort
studies of apparently normal females with PCO studies, this finding remained robust (OR: 7.11;
have detected metabolic and reproductive abnor- 95% CI: 2.95–17.12), whereas in the subgroup
malities [70,71] . A high prevalence of PCO has been of case–control studies, it did not (OR: 0.89;
detected among reproductive-aged females who 95% CI: 0.38–2.06) [81] . The authors concluded
present with T2DM [72] . Although the predic- that significant heterogeneity among studies and
tive value of the presence of PCO is unknown, dependence of the outcome on study type make
the preliminary data are suggestive that this is a the higher risk of GDM in women with PCOS
possible sign of metabolic dysfunction.
a questionable finding [81] and the conduct of
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properly designed studies should precede any
recommendation to pregnant women with
PCOS in regard to the risk of GDM.

Family history of T2DM & PCOS

Multiple studies have shown that a family history
of T2DM significantly contributes to the risk of
T2DM [82,83] . First-degree relatives of patients
with T2DM are more likely to suffer stigmata of
insulin resistance, including IGT [84] . Diabetes
risk is increased according to both the number of
relatives affected with T2DM and the closeness
of relation. In PCOS, a family history of diabetes
has been found to further magnify the severity of
insulin secretory defects compared with PCOS
women without a family history [55] . A family
history of diabetes increases the risk for glucose
intolerance in a women with PCOS by two- to
three-fold [53] .
Screening of T2DM in women with PCOS
The IDF advocates early screening, detection
and treatment of T2DM to reduce diseaserelated morbidity and mortality [22] . It is recognized that patients with glucose abnormalities
have a higher conversion to T2DM and it has
been suggested that an oral glucose tolerance
test should be performed every 2 years for those
with normal glucose tolerance and annually if
impaired fasting glucose or IGT be present [85] .
It has also been suggested that the use of an glycated haemoglobin greater than 6.5% as proposed for diabetes diagnosis [86] . However, caution should be exercised as patients with T2DM
may be missed [87] and the utilization of glycated
haemoglobin for the diagnosis of diabetes in
PCOS needs better definition.
Insulin sensitising agents in PCOS
Several antihyperglycemic agents used in the
treatment of T2DM, including biguanides (metformin) and thiazolidinediones (troglitazone,
pioglitazone, rosiglitazone) can reduce insulin
levels in women with PCOS. These drugs may
also reduce ovarian androgen production (and
serum-free testosterone concentrations) and
restore normal menstrual cyclicity [88–91] .
Metformin’s major effect is to decrease hepatic
glucose production thus reducing the need for
insulin secretion; it also decreases intestinal
absorption of glucose and modestly improves
insulin sensitivity (increases peripheral glucose uptake and utilization). Metformin also
has an antilipolytic effect that lowers fatty acid
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concentrations, thus reducing gluconeogenesis [92] . At a molecular level, metformin increases
the activity of the enzyme AMP‑activated protein kinase [93] . Metformin appears to work
through the Peutz–Jeghers protein, LKB1, to
regulate AMP‑activated protein kinase [94] . It is
used primarily for the treatment of T2DM, but
has also been used in women with PCOS [95] .
In a trial compared with placebo, the metformin group had improvement in plasma insulin
and insulin sensitivity (as measured by glucose
clamp studies); a reduction in serum free testosterone; and an increase in mean serum highdensity lipoprotein cholesterol. Both the biochemical and clinical changes were independent
of changes in bodyweight and were sustained in
a follow-up open long-term observational study
(mean duration of treatment was 11 months) [62] .
A meta-analysis of 13 trials reported that metformin is associated with a reduction in blood
pressure, low-density lipoprotein and fasting
insulin levels, when compared with placebo [95] .
All available thiazolidinedione derivatives
have been shown to improve insulin sensitivity
and dyslipidemia. The anti-inflammatory and
antiatherosclerotic effects of these compounds
are due to activation of nuclear peroxisome
proliferator-activated receptors, which regulate the expression of numerous genes affecting glycemic homeostasis, lipid metabolism,
vascular tone, inflammation and arteriosclerosis [96] . Thiazolidinediones may have androgen-
lowering effects owing to inhibition of P450c17
and 3b‑hydroxysteroid dehydrogenase, two
key enzymes in human androgen synthesis [97] .
Insulin and thiazolidinediones independently
stimulate expression of PPAR‑g, insulin receptor, IRS‑1 and StAR protein in human ovarian
cells. Thus, PPAR‑g, insulin receptor with its
signaling pathways and StAR protein constitute
a novel human ovarian regulatory system with
complex interactions among its components [98] .
Thiazolidinediones have not been studied to the same level as metformin. Although
they appear to improve insulin sensitivity, they
are associated with weight gain. Troglitazone
(400 mg/day for 3 months) reported an improvement in insulin action and a 20–30% decrease
in serum free testosterone concentrations [88,89] .
However, troglitazone was removed from the
market because of its associated hepatotoxicity. A trial in 40 women with PCOS randomly
assigned to pioglitazone (30 mg/day) or placebo
for 3 months reported a significant improvement
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in insulin sensitivity, a decrease in the free androgen index (owing to an increase in SHBG) and
an increase in ovulatory rates in the pioglitazone
group when compared with placebo [99] . In a
6 month trial of 52 obese women with PCOS
randomly assigned to pioglitazone (30 mg/day)
or metformin (850 mg three times daily), insulin sensitivity and hyperandrogenemia improved
to a similar degree, in spite of significant weight
gain in the pioglitazone group [100] . Because of
limited clinical data, the potential weight gain
and a possible association with cardiovascular
adverse events, the use of thiazolidinediones in
women with PCOS who do not have T2DM
is controversial.
Incretin mimetics agents in PCOS
The GI tract produces several peptide hormones
that participate in regulation of food intake.
Ingested nutrients, especially fats and carbo
hydrates, stimulate glucagon-like peptide‑1
(GLP‑1) secretion from L cells in the distal
small intestine [101] . GLP‑1 accentuates glucosedependent insulin release, inhibits glucagon
secretion, increases pancreatic b-cell growth,
suppresses appetite and energy intake and delays
gastric emptying. GLP‑1 receptor is expressed
by the gut, pancreas, brainstem, hypothalamus
and vagal-afferent nerves [54] . Activation of the
hypothalamic GLP‑1 receptor decreases food
intake [102] .
In a 24‑week randomized controlled trial in
women with PCOS a combination treatment
with exenatide (GLP‑1 mimetic) and metformin was found to be superior to exenatide or
metformin monotherapy alone in reducing
weight (mean weight loss of 6 ± 0.5 kg) and
improving menstrual cycles, ovulation rate,
free androgen index and insulin sensitivity [103] .
In a head-to-head comparison study in people
with T2DM, 1·8 mg liraglutide daily and 10 µg
exenatide twice daily produced similar weight
loss (3·2 kg with liraglutide vs 2·9 kg with
exenatide). However, liraglutide achieved better
glycemic control and was better tolerated than
exenatide [104] .
Bariatric surgery in PCOS
In subjects with morbid obesity and diabetes bariatric surgery may be considered as an effective
therapy [105] . Few studies have shown bariatric surgery to be associated with a significant improvement in weight, hirsutism, insulin resistance and
fertility in women with PCOS [106] .
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Conclusion & future perspective
Polycystic ovary syndrome is a common condition estimated to affect 4–18% of women of
reproductive age group. There is an increasing body of literature suggesting that PCOS
is associated with an increased prevalence of
IGT, T2DM, the metabolic syndrome which
are risk factors for CVD. Risk factors for
T2DM and CVD in PCOS include insulin
resistance, obesity, abdominal obesity, dyslipidemia and inflammation. Long-term metabolic abnormalities, above and beyond obesity,
are related to reduce sensitivity to insulin and
compensatory hyperinsulinemia in women
with PCOS. There is emerging evidence that
chronic anovulation as seen by oligo or amenorrhea identifies a group of women at marked
increased risk for T2DM.
There are a few reports showing that there
is an increased incidence of IGT and diabetes mellitus in women with PCOS, with an
increased rate of conversion from normal glucose tolerance/IGT to T2DM; however, further
well-controlled studies are required owing to
address the limitations of previous data owing
to small subject numbers and methodological
concerns including confounding. There is also
some evidence to show that women with PCOS
have a significantly higher chance of developing
gestational diabetes, but well-designed studies
need to be performed to allow any recommendations to be made to pregnant women with
PCOS in regard to the risk of GDM. Since
PCOS is considered as a higher risk population
for developing T2DM, it has been suggested
that an oral glucose tolerance test should be
performed every 2 years for those with normal
glucose tolerance and annually if impaired
fa sting glucose or IGT be present.
Several antihyperglycemic agents used in
the treatment of T2DM, including biguanides,
thiazolidinediones and incretin-mimetics, can
reduce insulin levels in women with PCOS.
These drugs may also reduce ovarian androgen
production and restore normal menstrual cyclicity. However, further studies on their application to clinical practice, particularly for the
thiazolidinediones and incretin-mimetics, need
to be undertaken.
The risk of developing CVD and T2DM is
related to insulin resistance and obesity needs to
be further explored, although it is more difficult
to prove a causal link between PCOS per se and
disease events.
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