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Polycystic ovary syndrome is the most common endo-
crinopathy of reproductive aged women affecting 6
10% of the population. Traditionally considered arepro-
ductive disorder manifesting as chronic anovulation,
infertility, and hyperandrogenism, management has pri-
marily focused on short-term reproductive outcomes.
Recently, however, significant metabolic aspects in con-
junction with longer-term health sequealae of PCOS
have been recognized. The metabolic features are pri-
marily related to underlying insulin resistance (IR),
which is now understood to play an important role in
both the pathogenesis and long-term sequelae of PCOS.
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Introduction

Polycystic ovary syndrome is the most common endo-
crinopathy of reproductive aged women affecting 6-10% of
the population (/). Traditionally considered a reproductive
disorder manifesting as chronic anovulation, infertility, and
hyperandrogenism, management has primarily focused on
short-term reproductive outcomes. Recently, however, sig-
nificant metabolic aspects in conjunction with longer-term
health sequealae of PCOS have been recognized (2). The
metabolic features are primarily related to underlying insu-
lin resistance (IR), which is now understood to play an im-
portant role in both the pathogenesis and long-term sequelae
of PCOS.

In nonselected populations, IR is an independent pre-
dictor of cardiovascular disease (3-5). This risk is further
amplified by the coexistence of additional cardiovascular
risk factors. The clustering of these cardiovascular disease
risk factors with IR has been called the metabolic syndrome
(MS) or Syndrome X (6). The prevalence of this syndrome
is increasing because of the “obesity epidemic.” While there
is some contention as to which criteria should be included
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inthe MS, the essential components include IR with at least
two of hypertension, dyslipidemia, central obesity, micro-
albuminuria, or elevated fasting glucose (7). The National
Cholesterol Education Program Adult Treatment Panel I11
(NCEP ATP III) defined practical criteria for the diagnosis
of the metabolic syndrome and established the basic prin-
ciples for its management (Table 1) (6,8). While contro-
versy exists over the prevalence of metabolic syndrome in
PCOS, in general, PCOS is now accepted as associated
with this condition (Table 2) (6). In a recent study compar-
ing 100 overweight women with PCOS vs BMI-matched
controls, features of the metabolic syndrome were more
prevalent in the PCOS women than in overweight controls
(Table 3) (9).

There is strong epidemiological evidence linking the
presence of IR-related MS with detrimental cardiovascular
disease outcomes. In adults aged >50 yr, the prevalence of
cardiovascular disease is 13.9% in those with the MS, whereas
in those withoutitis 8.7% (10). Furthermore, interventional
studies unequivocally demonstrate that modulation of these
independent cardiovascular risk factors, which constitute
the MS, reduces the risk of cardiovascular disease.

In the setting of IR, the MS and obesity, theoretically the
majority of women with PCOS would appear to be at in-
creased risk. Existing data clearly demonstrate up to a seven-
fold increase in type II diabetes in women with PCOS. Yet
data on cardiovascular disease risk in this population is
limited, although it is suggestive of an increased cardiovas-
cular disease risk. Pending further clarification, conven-
tional approaches to monitoring and treating individual car-
diovascularrisk factors in this theoretically high group would
appear a reasonable approach.

Yet, in this apparently high-risk group of women with
PCOS, treatment has conventionally targeted reproductive
and hormonal abnormalities, not metabolic features. The
authors propose that metabolic features should be consid-
ered when recommending therapy. Current medical thera-
pies including the oral contraceptive pill (OCP) used in
PCOS may exacerbate IR and the MS. PCOS treatment
often begins in late adolescence and may extend through
until menopause. The impact of long-term OCP therapy on
IR, the MS, and its cardiovascular sequealae may be impor-
tant and yet has received little consideration to date. Con-
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Table 1
NCEP ATP III Clinical Criteria
for the Diagnosis of the Metabolic Syndrome

Criteria Defining level

Abdominal obesity >102 cm in men
(waist circumference) >88 cm in women

Triglycerides =1.7 mmol/L"!

HDL cholesterol In men <1.0 mmol/L~!

In women <1.3 mmol/L"!
=130/85 mmHg
=6.1 mmol/L"!

Blood pressure
Fasting glucose

The diagnosis is based on three or more out of the five criteria,
NCEP ATP III, National cholesterol education program adult
treatment panel III (8).

Table 2
Features Associated with the Metabolic Syndrome (6)

1. Abdominal obesity (1 waist circumference)
2. Dyslipidaemia (1TG’s, | HDL-C, {small LDL)
3. Hypertension
4. Insulin resistance + glucose intolerance
5. Increased inflammation
6. Prothrombotic state
7. Additional features: microalbuminuria, PCOS, fatty liver,

hyperandrogenism and endothelial dysfunction.

Table 3
Physical, Metabolic, and Endocrine Characteristics
of PCOS and Overweight Control Subjects (+ SE) (6)

Variable Control PCOS p value
n 20 100
Age (yr) 332+23 32.7+1.8 NS
BMI (kg/m?) 36.7+1.28 37.3+2.43 NS
WHR 0.84+0.02 0.86+0.01 NS
Fasting insulin 6.6 +0.8 19.6 £ 1.42*%  <0.001

(#U/mL)
Fasting Glucose 8l.1+1.44 82.8+1.08 NS

(mg/dL)
HOMA 1.34+0.17 4.08+0.32* <0.001
Cholesterol(mmol/L) 4.6+0.2 51+0.1* 0.04
LDL(mmol/) 32+0.2 33+0.1 NS
HDL(mmol/L) 1.2 +0.03 1.0 £0.08 NS
Triglyceride(mmol/L) 0.87 +£0.08 1.41 £0.06* <0.001
CRP 4.6 +0.9 6.4+0.6 NS

Conversion factors for SI units are insulin = 7.175 pmol/L,
glucose = 0.05551 mmol/L, testosterone = 3.467nmol/L.
*p < 0.05 difference between groups.

versely, the use of insulin sensitizers may not only provide
effective therapy for reproductive problems but may also
ameliorate metabolic features of PCOS.

The aim of this review is to summarize the current litera-
ture on IR, the MS, and the long-term sequealae including

the risk of diabetes and cardiovascular disease in PCOS. On
this background we will also consider the potential cardio-
vascular implications of therapies currently used in PCOS.

PCOS and Vascular Risk Factors

Insulin Resistance (IR) and Diabetes

While a full discussion of the mechanisms involved in
hyperinsulinemia and cardiovascular disease is beyond the
scope of this review, mechanisms are likely to be complex.
IR appears to affect 50-70% of women with PCOS (11).
The cause of IR is complex and multifactorial with genetic
and environmental contributors. While these include obe-
sity, lean women with PCOS also have abnormalities of
insulin secretion and action compared to control subjects
(12). Specific abnormalities of insulin metabolism identi-
fied in PCOS subjects include reductions in secretion (13,
14), reduced hepatic extraction (/5), impaired suppression
of hepatic gluconeogenesis (/2), and abnormalities in insu-
lin receptor signaling (16).

IR appears to contribute to the reproductive manifesta-
tions of PCOS. Interestingly, there is a paradoxical expres-
sion of IR in PCOS whereby insulin-stimulated androgen
production persists, while its role in glucose metabolism is
impaired (16). Therefore, IR in PCOS results in hyperinsu-
linemia with its associated diverse and complex effects on
regulating lipid metabolism, protein synthesis, and modu-
lation of androgen production. There is strong epidemio-
logical evidence that IR and hyperinsulinemia, independent
of other cardiovascular risk factors, confer a significantly
increased risk of cardiovascular disease (3-5). In both dia-
betic and nondiabetic women there is a linear increase in
risk for cardiovascular disease across quintiles of fasting
insulin (17,18).

In those women with PCOS who have IR, a susceptible
subgroup also develop insufficient pancreatic insulin out-
put or P cell failure. In this setting, insulin output cannot
overcome IR and hyperglycemia develops. Indeed 30% of
obese women have been noted to have impaired glucose
tolerance (/9) and 15% of postmenopausal women with a
history of PCOS have type 11 diabetes (20). Both impaired
glucose tolerance (IGT) and diabetes are very significant
cardiovascular risk factors in women. With the diagnosis
of diabetes, the relative risk of cardiovascular disease in
women increases four to sevenfold, with an even greater risk
of cardiovascular disease and heart failure compared to men
with diabetes (21).

Hyperinsulinemia contributes to cardiovascular disease
both through direct mechanisms such as increasing sympa-
thetic activity (22) and inducing abnormalities in endothe-
lial function and vascular reactivity (23) and via indirect
mechanisms such as its association with impaired fibrin-
olysis (24), altered insulin-dependent suppression of lipo-
lysis, and induction of hypertension (25).
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The Effect of PCOS Therapy on IR

For the majority of women with PCOS who are over-
weight, lifestyle change and weight loss are integral in their
management and effectively improve IR. Even a small loss
of between 3-5% can reduce insulin resistance and im-
prove many features of the MS (26,27). Lifestyle change is
reviewed in the article by Norman et al. and will not be cov-
ered here in detail. Although, because long-term weight loss
and maintenance are often difficult or the benefits may not
be adequate, alternative medical therapies for PCOS, which
target IR, including metformin, are increasingly utilized.

Studies have consistently demonstrated improvements
in IR of 20-30% following treatment with metformin (28—
30). While there are no long-term data on the role of met-
formin in the prevention of diabetes in women with PCOS,
metformin has been shown to reduce the risk of progres-
sion to diabetes by 31% compared to placebo in high-risk
nondiabetic individuals (37). Further research is required
in this area to clarify the long-term effects of metformin on
both DM2 and cardiovascular disease in women with PCOS.

The OCP is often considered first-line medical therapy
to control the hormonal manifestations of PCOS, yet there
isevidence to suggest that its use is associated with increased
IR in both PCOS and non-PCOS populations (29,32-36).
It is unclear whether the estrogen or progestin components
of the OCP are primarily responsible for the increased IR
and if the effect is dose related (35,37-39), although there
is some evidence to suggest that higher doses of estrogen
may adversely affect IR. In arecent randomized, controlled
trial, our group has demonstrated that 6 mo of 35 mcg ethi-
nylestradiol (EE) + 2.5 mg cyproterone acetate combined
OCP increased IR, while a 20 mcg EE and levonorgesterol
OCP had noeffecton IR (unpublished data). This increased
IR may have adverse effects on the risk of diabetes and car-
diovascular disease; however, confirmatory long-term stud-
ies that define these risks and dissect out the effects of estro-
gens and progestins are needed.

Lipid Metabolism

Dyslipidemia is a critical component of the MS; it is char-
acterized by increased VLDL and LDL cholesterol, hyper-
triglyceridemia, and reduced HDL (40) and is strongly
associated with the development of cardiovascular disease
(41,42). Both primary and secondary prevention trials tar-
geting lipid abnormalities have demonstrated clear bene-
fits for cardiovascular disease across a wide spectrum of
cardiovascular risk in non-PCOS populations (43,44).

In this setting, several studies have demonstrated dys-
lipidemia in women with PCOS compared with weight-
matched controls (9,25,45,46). Compared with control sub-
jects, women with PCOS have higher triglycerides (TG)
(122 vs 63 mg/dL), and very-low-density lipoprotein cho-
lesterol (VLDL) (24 vs 13 mg/dL) with lower high-density
lipoprotein cholesterol (LDL) (43 vs 58 mg/dL) (25). In

addition, women with PCOS have a smaller LDL particle
size (47). The dyslipidemia occurs independent of BMI
(25,48); however, there is a synergistic deleterious effect
of obesity and IR in PCOS, analogous to that seen in DM2.
The causes of dyslipidemia in PCOS are again multifacto-
rial. IR appears to have a pivotal role with multiple studies
demonstrating significant associations between altered
lipid metabolism and insulin levels (49,50). This may be
induced in part by the insulin-medicated stimulation of lipo-
lysis and altered expression of lipoprotein lipase and hepa-
tic lipase (25).

The Effects of PCOS Therapies on Lipid Profiles

The limited studies which have focused on the effect of
the OCP on lipid metabolism in PCOS demonstrate in-
creases in total serum cholesterol, LDL, and TG (34,51-53).
Variable OCP formulations appear to impact differently on
lipid metabolism; this may be dependent on type and dose
of both progestin and estrogen in the formulation. In a
study in 24 adolescents with PCOS, contraceptives contain-
ing cyproterone acetate induced a greater rise in TGs com-
pared to a desogestrel containing OCP (34). Desogestrel has
been shown to increase total cholesterol (163 vs 185 mg/
dL), LDL (90 vs 109 mg/dL), and HDL (51 vs 60 mg/dL)
(54). A further study has noted that cyproterone acetate
significantly increased all of these cholesterol subfractions
(52). Limited data currently suggest that metformin lowers
LDL cholesterol and total cholesterol and raises HDL
(28,55-57), consistent with improvements in insulin sen-
sitivity. Potentially these metabolic effects of metformin
may be preferable to those of the OCP, yet more research
is needed.

Hypertension

Hypertension is a well-recognized risk factor for cardio-
vascular disease, highlighted in an extensive recent meta-
analysis. Hypertension was identified as a leading cause of
primary cardiovascular mortality (58,59), with reductions
in blood pressure (BP) significantly improving cardiovas-
cular outcomes (60,61).

Studies of blood pressure in PCOS have yielded incon-
sistent results. Two studies comparing 38 women in total
with PCOS to age- and sex-matched controls, found no
difference in BP even on 24 h ambulatory readings (62,63).
Consistently, our work has demonstrated no differences in
24 h BP between overweight women with PCOS and over-
weight controls. In contrast, a study of 36 women with PCOS
compared to 55 BMI-matched controls examined both clinic
and 24 h ambulatory BP readings. They found that women
with PCOS had higher mean ambulatory BP and higher
daytime systolic BP. These differences persisted after ad-
justment for body fat distribution and IR (64). Potential
mechanisms for hypertension in PCOS may include hyper-
insulinemia, which directly activates the sympathetic nervous
system, alters vascular smooth muscle (65), and increases
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renal sodium retention (66). Also, IR blunts the normal vaso-
dilating effect of insulin on arterial smooth muscle (67). We
have found that obese women with PCOS have increased
arterial stiffness compared to obese controls (9). In later life
this would be expected to translate to increased BP. Further
research is needed to clarify if BP profiles are truly increased
in PCOS. It may be that this only becomes evident in older
women with PCOS.

The Effect of PCOS Therapies on Blood Pressure

The effect of medical therapies for PCOS on BP is not
well established. In non-PCOS populations weight loss and
exercise improve BP, whereas the OCP has been shown to
increase systolic BP by around 5 mmHg after adjustment
for age and BMI (68,69). The effect of metformin on BP
appears favorable with a 10 mmHg reduction noted in mean
systolic BP in obese women with PCOS (70). However,
these results are not consistent and, in a recently completed
randomized, controlled study by our group, metformin ther-
apy over 6 mo did not affect 24 h BP profiles in obese women
with PCOS (unpublished data).

Obesity

The cardiovascular risk associated with abdominal obe-
sity is well recognized with the Nurses Health study demon-
strating a relative risk of 3.4 for cardiovascular disease in
those with a BMI > 30 (71). Central obesity is an indepen-
dent predictor of cardiovascular events (72) and has an im-
portant role in the pathogenesis of the MS compounding the
problems of IR, dyslipidemia, and hypertension (73). IR in-
creases with a BMI > 27 potentially via elevated free fatty
acid (FFA) levels (74). The increased FFAs may contribute
to IR by increasing hepatic gluconeogenesis and curtailing
both glucose oxidation and uptake in skeletal muscle (75).

Effects of PCOS Therapies on Obesity

Overweight or obesity is a feature in up to 70% of women
with PCOS (76); furthermore, increased central obesity with
elevated waist—hipratios are seen independent of BMI (77).
As in non-PCOS populations, central obesity compounds
the MS, and weight loss can improve this. A meta-analysis
of randomized trials in non-PCOS populations has con-
firmed that weight loss is difficult to achieve and generally
not maintained with 50% relapse in 12 mo and 90% relapse
in 5 yr (78). In PCOS, although weight loss and lifestyle
change are integral parts in management, this is again dif-
ficult to achieve. Even in the setting of an intensive trial
aimed at weight loss, women with PCOS averaged only 4 kg
loss over 6 mo and literature suggests that caloric restric-
tion in PCOS needs to be greater than in non-PCOS popu-
lations (30). It has been hypothesized this is because of the
hyperinsulemia; however, mechanisms are not adequately
understood.

The effect of medical therapy on body fat in PCOS re-
mains unclear. Metformin in non-PCOS populations leads
to small weight loss, although the Cochrane review on met-

formin in PCOS reported that, in nine studies involving
140 women, metformin did not affect weight, BMI, or waist
circumference (57). The OCP in non-PCOS populations
has been associated with some weight gain (majority gain
2-3 kg) (79); however, a Cochrane review in non-PCOS
populations concluded that the modern combined OCP is
likely to have little if any effect on weight (80). Any effect
of the OCP may be dose-related, as lower-dose OCPs do
not appear to induce weight gain (87). Given the impact of
obesity in PCOS, further research into the effect of
hyperinsulemia on ability to loose weight, on effective life-
style interventions, and on the effects of medical therapy
on weight in women with PCOS is important.

Coagulation and Fibrinolysis

In healthy individuals there is an equilibrium between
the hemostatic coagulation and fibrinolytic systems, with
thrombosis resulting from an imbalance between the com-
plex systems (82). The hemostatic system plays an impor-
tant role in cardiovascular disease with acute events pre-
cipitated by thrombosis developing on a ruptured arterial
plaque. Furthermore, activation of coagulation and impair-
ment of fibrinolysis are associated with increased cardio-
vascular risk. Proenzymes and inhibitors can be accurately
measured to reflect hemostatic activity, with several mark-
ers noted to be predictive of cardiovascular events. Impaired
fibrinolysis, reflected by increased PAI-1 levels (an inhibi-
tor of fibrinolysis), is associated with increased thrombotic
risk in the arterial and venous systems (24,83). In subjects
with cardiovascular disease, elevated PAI-1 is associated
with increased acute myocardial infarctions (24). IR appears
to be linked to elevated PAI-1 with several studies demon-
strating strong associations between insulin levels and PAI-1
insubjects withIGT (84), types1(85), and Il diabetes (86,87).

Given these observations, it is not surprising that IR
PCOS subjects have increased PAI-1 levels (62,88,89).
Other hemostatic markers have not been systematically
studied in PCOS. Random isolated measurements of factor
VII, antithrombin III, and fibrinogen have yielded incon-
clusive results (88,90).

The Effects of PCOS Therapies
on Coagulation and Fibrinolysis

The effect of medical therapies on the hemostatic sys-
tem is complex. Estrogen in the OCP activates coagulation
in adose-dependent manner as well as increasing fibrolysis
(reduces PAI-1), yet the net effect is adverse with an in-
creased the risk of venous and probably arterial thrombo-
sis. Estrogen in hormone therapy in postmenopausal women
also increases coagulation and fibrinolysis and increases
arterial and venous thromboembolic events (917). The effects
of metformin on many markers of hemostatic activity have
not been studied; however, Velasquez et al. have shown that
metformin reduces PAI-1 levels in obese women with PCOS
(92). In non-PCOS individuals with IR and type II diabe-
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tes, metformin does not increase the risk of venous throm-
bosis and reduces the risk of cardiovascular events (93).

Novel Cardiovascular Markers

Highly Sensitive C-Reactive Protein (HsCRP)

Inflammation within arterial plaque progresses atheroma
development from initial leukocyte recruitment, through to
unstable plaque rupture, precipitating acute ischemic events
(94). CRP has a direct role in the vascular inflammatory
process stimulating release of inflammatory cytokines and
increasing endothelial expression of cellular adhesion mole-
cules, which mediate leukocyte migration (94). HsSCRP lev-
els are a strong independent predictor of cardiovascular
disease and death in healthy subjects (95-97), those with
unstable angina (98), and subjects undergoing revasculari-
zation procedures (99).

Elevated HSCRP levels have been associated with IR
states in healthy women (/00), those with DM2 and IGT
(101), as well as with obesity (102). Weight loss decreases
HsCRP in non-PCOS populations (103).

Elevated levels of HSCRP have been noted in PCOS
(104); however, it is unclear whether this is primarily BMI
related (104,105). In PCOS, 6 mo of metformin reduced
HsCRP levels by 31% in non-obese subjects and 56% in
obese subjects (/05). In accordance with other studies, the
fall in HSCRP with metformin was associated with improve-
ments in central obesity. Increases in HSCRP have been
noted in women on the OCP, independent of changes in
BMI. This may be mediated by estrogen effects on the liver
(the primary site of CRP production), and/or may reflect the
deterioration in IR noted with the OCP. The clinical rele-
vance of these changes in HSCRP still requires clarifications.

Adiponectin

Adiponectinis an abundant adipose tissue-specific adip-
ocytokine involved in the regulation of both carbohydrate
and lipid metabolism; low levels have been proposed to
contribute to IR. Adiponectin is negatively correlated to
markers of insulin resistance such as fasting insulin, HOMA,
and clamp studies (/06,107). It has potential protective
effects against cardiovascular disease. Based on animal stud-
ies low adiponectin levels have been associated with an
increased inflammatory response to vascular injury (/08).

In PCOS, adiponectin correlates with obesity and IR;
however, there is no difference between subjects with PCOS
and weight-matched controls suggesting adiponectin pri-
marily tracks with obesity and not PCOS per se (109). The
effects of medical therapies for PCOS on adiponectin are
unknown.

Homocysteine

Numerous clinical and epidemiological trials have shown
that elevated homocysteine is a marker of increased risk of
coronary, cerebral, and peripheral atherosclerosis. Hyper-
homocysteinemiais associated with insulin across the spec-

trum of IR. In PCOS, homocysteine is correlated with IR
regardless of body weight (//0-112). IR women with PCOS
have higher homocysteine than noninsulin-resistant PCOS
subjects (12.4 + 8.4 micromol/L vs 9.6 + 4.4 micromol/L),
independent of BMI (/1/0). Exercise decreases homocys-
teine levels in overweight young women with PCOS inde-
pendent of changes in BMI or insulin levels (//3). There
are no studies examining the effect of relevant medical
therapies (OCP and metformin) on homocysteine, although
the effects of medical therapies on IR may be expected to
impact on homocysteine levels.

Noninvasive Markers of Vascular Disease

Given the prevalence of cardiovascular risk factors in
women with PCOS, itis perhaps expected that these women
will have increased cardiovascular disease. However, this
critical issue has not been resolved. There are major study
limitations when focusing on clinical end-points (covered
below). Given these difficulties, another feasible approach
is to study reproducible accurate non-invasive surrogate
markers of cardiovascular disease in this population (//4).
These include measures of arterial structure and function
encompassing large artery biomechanical properties, endo-
thelial function, and assessment of atherosclerosis. These
markers are associated with known cardiovascular risk fac-
tors and are predictive of clinical cardiovascular events in
non-PCOS populations (/15-118). However, they remain
surrogate markers and cannot replace ultimate longitudinal
data on clinical events.

Endothelial Function

The vascular endothelium is a dynamic endocrine gland
regulating vascular tone and reactivity through the release
of vasodilating substances such as nitric oxide (NO), plate-
let adhesion, and thrombosis. NO is a potent vasodilator,
inhibits inflammation, oxidation, and smooth muscle pro-
liferation. Damage to the endothelium promotes the devel-
opment of atheromatous disease. Traditional cardiovascular
risk factors such as hypertension and dyslipidemia are asso-
ciated with endothelial dysfunction (//9). In addition, IR
has been associated with endothelial dysfunction (/120-122).
Endothelial function can be assessed noninvasively based
on flow-mediated vasodilation (FMD). This noninvasive
assessment of endothelial function has been shown to be
predictive of clinical coronary events (/23).

Noninvasive studies of endothelial function in women
with PCOS have produced varied results. Mather et al.,
found that in 18 otherwise healthy women with PCOS,
there was no correlation between IR or hyperandrogenism
and endothelium-dependent and -independent vasodilation
(124). Compared with age-matched controls, those with
PCOS were more obese, but endothelium-dependent and
independent vasodilation was not different.

In contrast to this, Paradisi et al. have found that endo-
thelium-dependent and insulin-mediated flow responses
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of the femoral artery in 12 obese women with PCOS were
impaired compared to age- and weight-matched controls.
In this study glucose disposal rates measured during a
euglycemic hyperinsulinemic clamp study, directly related
to insulin-mediated flow responses of the femoral artery
(125). Our group has demonstrated that compared to BMI-
matched controls, PCOS subjects have impaired FMD with
IR being an independent predictor of FMD (9). In support
of these findings, treatment of women with PCOS with the
insulin-sensitizing PPARYy agonist troglitazone has been
shown to restore endothelium-dependent vasodilation to
control levels (126). Data are inconsistent, though, with a
recent study by our group in 105 women with PCOS show-
ing no change in FMD with either metformin or the OCP,
despite dichotomous effects on IR (unpublished data).

Pulse Wave Velocity (PWV)

PWYV is a robust vascular parameter reflecting arterial
stiffness that correlates with cardiovascular risk factors in-
cluding lipids, age, and hypertension. It is predictive of
cardiovascular events in subjects with hypertension and
renal disease and has been correlated to the extent of coro-
nary artery disease (//4,127). IR has been correlated with
arterial stiffness as has fasting glucose levels in non-dia-
betic subjects: an 80% higher fasting insulin (approx 1 SD)
was associated with 5.1% and 7.5% greater arterial stiff-
ness index in men and women, respectively (128).

In a study of 19 women with PCOS, Kelly et al. demon-
strated increased PW'V compared to controls and concluded
that IR may have an important causative role (/29). These
findings are supported by a study of overweight women with
PCOS and controls, by our group, where PWV was increased
in PCOS compared to control subjects. Furthermore, IR
independently contributed to the variance in PWV (9).

To date, there is only one recent study examining the
effects of medical therapies on PWV in women with PCOS.
Six months of a 35 ug estradiol OCP preparation in over-
weight women with PCOS increased arterial stiffness, an
effect primarily related to increased IR. This study did not
demonstrate any effect of metformin on arterial stiffness
(unpublished data).

Vascular Structure:
Carotid Intimal Medial Thickness (IMT)

IMT is an established marker for early structural athero-
sclerotic disease, representing the combined intima, media,
and adventitia of the carotid artery (/30). It correlates with
cardiovascular risk factors including hypertension, hyper-
lipidemia, diabetes, and obesity (/31-133), is a reliable
indicator of atheroma progression and predicts cardiovas-
cular events in longitudinal studies (/34). Increased caro-
tid IMT has been associated with IR in healthy subjects
independent of conventional risk factors for atherosclero-
sis (135,136). Insulin may exert its effect on atherosclero-
sis both directly affecting the arterial wall and indirectly
via effects on lipids and blood pressure (137).

Limited studies to date have examined carotid IMT in
women with PCOS (738). One study in 100 subjects with
PCOS demonstrated a higher IMT compared to controls
but only in those older than 45 yr (/39).1In 19 young women
(<35 yr), subjects with PCOS had increased carotid IMT
compared to controls, after adjustment for other cardiovas-
cularrisk factors (/40). However, arecent study of 100 over-
weight younger women with PCOS compared to weight-
and age-matched controls, IMT was similar in the two groups
(9). It could be hypothesised that IR in PCOS increases
arterial stiffness and endothelial dysfunction, which when
combined with other features of the metabolic syndrome
results in structural atherosclerosis (IMT) with advancing
age and ultimately in increased cardiovascular events. Yet,
this theoretical progression of events requires long-term
longitudinal studies to establish.

Coronary Artery Disease

Coronary artery calcification is also assessed non-in-
vasively using computed tomography and is a marker for
atherosclerosis, which correlates with histological coronary
plaque (/41). In 36 overweight young women with PCOS,
coronary calcification was increased compared to controls
with the major predictors being abdominal obesity and dys-
lipidemia (/42). In 143 women, aged <60 yr of age, referred
for coronary angiography, those with ultrasound-diagnosed
PCO had greater stenosis compared to women with normal
ovaries. Logistic regression revealed the extent of coronary
disease was an independent predictor of PCO (143).

Epidemiological Studies

Despite numerous studies demonstrating the prevalence
of cardiovascular risk factors in women with PCOS, data
on actual cardiovascular events are less readily available.
The largest retrospective study of 786 women diagnosed
with PCOS (1930-1979) followed for around 30 yr, with an
average age of 56.4 yr at follow up, found that standardized
mortality ratios (SMR) based on 59 deaths were the same as
national rates for circulatory disease (SMR 0.83; 95% ClI,
0.46-1.37). Ischemic heart disease ratios were similar (SMR
1.40;95% CI,0.75-2.40), but there was an increase in deaths
from diabetes (odds ratio 3.6; 95% CI 1.5-8.4) (144). A
subsequent follow up study of this same cohort found that
although there was an increase in dyslipidemia, hyperten-
sion, and diabetes, the SMR for all cause mortality and
cardiovascular disease was the same as the general popula-
tion. There was, however, a statistically significant increase
in the odds ratio for cerebrovascular disease (OR 2.8;95%
CI 1.1-7.1) (145). These studies are limited by ambiguities
in prior PCOS diagnostic criteria (women were diagnosed
based on surgical appearance of the ovaries), the long lag
time between diagnosis of PCOS and cardiovascular events,
and the young age of the women at follow-up (mean 54 yr).
A significant proportion of subjects were also unable to be
traced. These factors potentially significantly under-esti-
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mate the prevalence of cardiovascular sequale in this popu-
lation (123).

Conclusion

Thereis clearevidence thatinsulin resistance is involved
in the pathogenesis of PCOS. Based on case-controlled
studies, women with PCOS appear to have a high prevalence
of the metabolic syndrome including obesity and dyslipid-
emia. Thereis also anincreasedrisk of diabetes. Noninvasive
measures of arterial structure and function suggest early
atherosclerotic disease in PCOS; however, long-term car-
diovascular event rates are yet to be clarified. In this setting,
while it is important that the long-term impact of PCOS on
the cardiovascular system s clarified with adequately pow-
ered prospective clinical studies, there is currently sufficient
evidence to necessitate the screening for and treatment of
both modifiable cardiovascular risk factors and diabetes in
this population.

In the setting of high rates of metabolic syndrome and
diabetes, the potential impact of treatment on the metabolic
features of the syndrome should be considered. Optimally,
lifestyle modification and weight loss should be the aim to
treat the condition and to prevent long-term complications.
Additional medical therapy including the OCP and insulin
sensitisers may be required. The OCP potentially has detri-
mental effects in this population, while insulin sensitisers
have many practical and theoretical advantages in PCOS.
These effects of therapy require further clarification, con-
sidering the potential long-term implications in women with
PCOS.
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