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ABSTRACT

The diagnostic criteria for polycystic ovary syndrome (PCOS) have recently been revised. The
polycystic ovarian morphology has been introduced as part of the criteria and an internation-
al consensus has been achieved providing the basis for future research and collaboration. It is
now accepted that polycystic ovary syndrome has important long-term health implications,
including metabolic disorders and increased risk factors for cardiovascular disease. The over-
all risk of developing type 2 diabetes among women with PCOS was found to be increased 3-7
times. Women with PCOS have increased levels of cardiovascular risk factors: insulin resis-
tance, obesity, dyslipidaemia, hypertension and markers of abnormal vascular function. How-
ever, the level of risk for cardiovascular disease remains uncertain. The limited epidemiolog-
ical data available to date have shown no increase in cardiovascular events although the inci-
dence of cerebrovascular events was increased. The evidence for an increased risk for endome-
trial carcinoma among women with PCOS is limited. Long-term epidemiological studies of
women with well defined PCOS are needed in order to assess the risk of long-term health
consequences, to identify the subgroups among PCOS women who need to be targeted and to
determine the timing and nature of measures for intervention and prevention.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is the most
common endocrine disorder affecting women of re-
productive age, its prevalence varying according to
the definition used and the reference population'*.
Although first described almost 70 years ago’, there
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has been no universal agreement about its defini-
tion. The most widely accepted definition has been
the association of hyperandrogenism with chronic
anovulation without specific underlying diseases of
the adrenal or pituitary glands®. The introduction
of modern, high-resolution diagnostic ultrasonog-
raphy resulted in a morphologically based diagno-
sis of the syndrome'. However, polycystic ovarian
morphology based on ultrasound scan was thought
to be consistent with the syndrome but not essential
for its diagnosis’. Recently the European Society for
Human Reproduction and Embryology and the
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American Society for Reproductive Medicine (ES-
HRE/ASRM) formulated a new consensus regard-
ing the definition of PCOS®. It is thus now defined
as the presence of any two of the following three
criteria: (i) polycystic ovaries on ultrasound scan;
(ii) oligo-and/or anovulation; and (iii) clinical or bio-
chemical evidence of hyperandrogenism, provided
other aetiologies (congenital adrenal hyperplasia,
androgen-secreting tumours, Cushing’s syndrome)
have been excluded. Furthermore, the ultrasound
diagnostic criteria for PCO morphology have been
redefined as the presence of 12 or more follicles in
each ovary, measuring 2-9 mm in diameter, and/or
increased ovarian volume (>10 ml)* (Figure 1). It
was noted that if only one ovary matches this defini-
tion, it is sufficient to define PCO and that this def-
inition does not apply to women on an oral contra-
ceptive. The revised definition for PCOS provides
an international framework for the assessment of
PCOS and for future research and collaboration.

The clinical and biochemical features of the syn-
drome are heterogeneous and the combination and
degree of expression of these features vary between
individuals. In the last few years it has become clear
that polycystic ovary syndrome is not simply a com-
bination of hyperandrogenaemia and anovulation
but has important long-term health implications""®.
Although disagreement about diagnostic criteria has

Figure 1. Polycystic ovarian morphology on the untrasound scan.
The presence of 12 or more follicles in each ovary measuring 2-
9 mm in diameter, and/or increased ovarian volume (>10ml)
are the revised ultrasound criteria to define the polycystic ova-
rian morphology.

up to now rendered comparison of epidemiological
studies of long-term health risks difficult to achieve,
it is now well accepted that PCOS is associated with
metabolic disorders (hyperinsulinaemia and insu-
lin resistance, impaired pancreatic -cell function
and increased risk of type 2 diabetes, obesity, hy-
perlipidaemia) and increased risk factors for car-
diovascular disease. In addition, chronic anovu-
lation in women with PCOS is thought to carry an
increased risk of endometrial cancer® (Table 1).

Diagnostic criteria for the metabolic syndrome
among women with PCOS have recently been im-
plemented. The definition requires 3 out of the fol-
lowing 5 criteria: central obesity, hypertriglyceri-
daemia, low HDL-C, increased blood pressure and
hyperglycaemia®. These metabolic abnormalities,
clustered together, are related to insulin resistance
and are important as risk factors for cardiovascular
disease and type 2 diabetes among women with
PCOS.

In this mini-review, the long-term health conse-
quences for PCOS are also discussed. In order to
assess the impact of each individual factor in long-
term health, risk factors—metabolic and cardiovas-
cular-are treated separately.

HYPERINSULINAEMIA AND INSULIN RESISTANCE

Insulin resistance is common in the general, nor-
moglycaemic population and varies according to
body mass index (BMI) from 10% among lean sub-
jects to 26% or higher among obese subjects. Hy-
persecretion of insulin is more prevalent than insu-
lin resistance in the obese population as a whole

Table 1. Long-term health implications of PCOS

Metabolic consequences:
- Hyperinsulinaemia and insulin resistance

- Impaired pancreatic f-cell function and increased risk of
type 2 diabetes

— Obesity
- Hyperlipidaemia
General consequenses:
— Increased cardiovascular risk factors

— Endometrial cancer
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(38%)°. Although insulin resistance is not a disease,
its presence in both obese and nonobese subjects is
associated with increased risk of cardiovascular
morbidity and mortality and type 2 diabetes".

There are several reports assessing insulin ac-
tion among women with PCOS suggesting that wom-
en with PCOS have a greater frequency and degree
of both hyperinsulinaemia and insulin resistance
than age and weight matched controls™"". Insulin
resistance is independent of the effect of obesity;
both lean and obese women with PCOS were found
to be hyperinsulinaemic and insulin resistant com-
pared to weight matched control subjects, but insu-
lin resistance is more pronounced among obese
women with PCOS™*'*"_ Insulin resistance among
PCOS women was associated with upper body fat
distribution'®, while weight reduction in obese PCOS
women, especially reduction in abdominal adiposi-
ty, resulted in normalisation of insulin sensitivity,
suggesting that body fat distribution is an important
determinant of insulin resistance in PCOS".

Interestingly, insulin resistance is not a feature
of all women with PCOS. There are significant dif-
ferences in insulin sensitivity between ovulatory and
anovulatory women with PCOS. Anovulatory wom-
en with PCOS display insulin resistance whereas
those with a regular menstrual cycle (but who
present with symptoms of hyperandrogenism) do not
demonstrate insulin resistance®*'. These observa-
tions suggest that there is a strong association be-
tween menstrual irregularity and insulin resistance
among women with PCOS. Hyperinsulinaemia it-
self may contribute to the mechanism of anovula-
tion and the expression of PCOS®. There is no re-
sistance to the steroidogenic action of insulin in the
ovaries, although evidence has recently emerged of
a selective impairment of insulin-mediated glucose
metabolism in the ovary”. The ovary is therefore
exposed and responsive (at least in terms of steroid
biosynthesis) to the high circulating levels of insu-
lin. Insulin acts synergistically with LH to stimulate
steroidogenesis and to induce premature arrest of
the follicle development™.

Insulin resistance in PCOS has been associated
with increased androgen levels, particularly free tes-
tosterone (by some but not all authors)™**. Large
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doses of testosterone given to healthy female trans-
sexuals can induce insulin resistance®. However, the
interaction between hyperandrogenaemia and the
precise aetiology of insulin resistance remain unre-
solved. Hirsute women with PCOS and hyperandro-
genaemia who have regular menstrual cycles present
fasting serum insulin concentrations and after-glu-
cose stimulation that are indistinguishable from
those in weight matched control subjects and present
insulin sensitivity similar to control subjects'**'. Hy-
perandrogenaemia does not seem to cause insulin
resistance; on the contrary, insulin may affect the
expression of androgen by suppressing SHBG and
augmenting androgen response to LH’. These ob-
servations suggest that hyperandrogenaemia is not
a major determinant of insulin sensitivity in PCOS.

The cause of hyperinsulinaemia among women
with PCOS also remains unknown. It may be relat-
ed to increased insulin receptor serine phosphory-
lation, which decreases its protein tyrosine kinase
activity and leads to a post-binding defect in insulin
action and/or abnormal insulin secretion®”". It may
be that metabolic abnormalities in PCOS start very
early in life, during the prenatal or prepubertal pe-
riod, and an early exposure to androgens during
development may affect body fat distribution and
insulin action®*.

The clinical implication of these observations is
that women with PCOS are likely to have insulin
resistance and/or hyperinsulinaemia, particularly
when they are anovulatory and obese with central
fat distribution. Given that insulin resistance is an
independent risk factor for metabolic abnormalities,
the presence of insulin resistance among PCOS
women suggests future risk of cardiovascular dis-
ease and type 2 diabetes. Furthermore, using a car-
diovascular risk score, insulin resistance in PCOS
was found to be an important determinant of car-
diovascular risk among women with PCOS indepen-
dently of obesity'.

IMPAIRED PANCREATIC B-CELL FUNCTION
AND INCREASED RISK OF TYPE 2 DIABETES

Even though the majority of women with PCOS
have hyperinsulinaemia and insulin resistance and
display increased insulin responses to a glucose load,
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studies that carefully assessed B-cell function dem-
onstrate defects in insulin secretion in addition to
insulin resistance®~". Insulin secretory responses to
mixed meals in insulin resistant women with PCOS
are reduced relative to basal insulin secretion, an
abnormality characteristic of type 2 diabetes™. Gi-
ven that when insulin resistance occurs, the f-cell
compensates by increasing the secretion of insulin,
it is essential to take into account the degree of in-
sulin sensitivity when assessing B-cell function. By
using the intravenous glucose tolerance test
(IVGTT), both lean and obese women with PCOS
had B-cell dysfunction in addition to insulin resi-
stance’. The IVGTT has the advantage of estima-
ting the disposition index (insulin sensitivity x acute
insulin response to glucose), which allows (-cell
function to be interpreted in the light of prevailing
insulin resistance and the detection of subtle defects
in B-cell function™. Defects in f-cell function are
more evident among PCOS women who have 1*
degree relatives of type 2 diabetes as demonstrated
by reduced insulin secretory responses either to
bolus (IVGTT) or graded infusions of intravenous
glucose and by impairment in the ability to entrain
endogenous insulin secretion with glucose®. These
observations suggest that women with PCOS, even
when normoglycaemic, may demonstrate impaired
[-cell function on detailed testing. This may be an
early metabolic defect contributing to the develop-
ment of type 2 diabetes later in life. Similar early
metabolic changes have also been reported in other
groups at high risk for future development of type 2
diabetes, such as normoglycaemic relatives of sub-
jects with type 2 diabetes and/or women with a hi-
story of gestational diabetes™*. Furthermore, recent
data suggest that decreased glucose metabolism is
present among women with PCOS even when insu-
lin sensitivity and B-cell function are preserved,
which may constitute an early feature of disturbed
carbohydrate metabolism™.

The prevalence of type 2 diabetes has been re-
ported as 3-4% in the general population, increas-
ing up to 10-18% in old age®”". Several groups have
assessed glucose tolerance among PCOS women and
the overall risk of developing type 2 diabetes was
found to be increased 3-7 times"***'. The figures for
prevalence rates of glucose intolerance among wom-

en with PCOS are much higher than expected com-
pared with reference populations of women of sim-
ilar age: 31-35% had IGT and 7.5-10% had type 2
diabetes™**. Although obesity and age substantially
increase the risk, IGT and diabetes are frequent
even among non-obese PCOS women (10% and
1.5%, respectively)®. Apart from obesity and age,
waist/hip ratio®, family history of type 2 diabetes™***
and increased androgen concentrations™* were also
associated with glucose intolerance. Oligomenor-
rhea was found to be a risk factor for the develop-
ment of type 2 DM and this risk was accentuated,
though not totally explained, by obesity®.

The risk of glucose intolerance among PCOS
women appears to be equally increased in mixed
ethnicities of the US population and Asian PCOS
groups™***. However, in a young Mediterranean
population with PCOS the prevalence of glucose
intolerance was lower than in previous reports (2.5%
type 2 diabetes and 16% impaired glucose toler-
ance), but there were no data for a control group of
similar age and ethnicity*. In that study environmen-
tal factors explaining the lower prevalences of glu-
cose intolerance, such as dietary habits, should be
taken into account. In the same study lower birth
weight and earlier age of menarche were associated
with increased risk for glucose intolerance®.

Furthermore, the onset of glucose intolerance in
PCOS women seems to occur at an early age, typi-
cally in the 3"-4" decade of life, which is earlier than
in the normal population®***. Abnormalities in
both insulin action and secretion and glucose intol-
erance have been observed even in adolescents with
PCOS** and in young girls with premature adre-
narche (who may go on to develop PCOS in adoles-
cence)”. The prevalence of glucose intolerance has
been reported to be as high as 30-40% among both
lean and obese adolescents with PCOS*®.

An association between gestational diabetes and
PCOS has been observed. The prevalence of PCO
morphology in women with previous GDM is signi-
ficantly higher than in control women (41-52%)*"',
suggesting that women with PCO are at risk of de-
veloping gestational diabetes. Given that gestation-
al diabetes is a forerunner of type 2 diabetes and
the majority of women with gestational diabetes will
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develop type 2 diabetes in later life™, these obser-
vations reinforce the hypothesis of increased risk of
diabetes in women with PCOS.

A significant percentage of 1* degree relatives
of the general population of women with PCOS have
defects in insulin action and secretion or type 2 dia-
betes. In a recent study, a strong family history of
type 2 diabetes was noted among parents of women
with PCOS: 46% of the mothers and 58% of the fa-
thers of women with PCOS had IGT or type 2 dia-
betes and female family members with normogly-
caemia had insulin resistance™. Hyperinsulinaemia
was found to be common among female and male
1* degree relatives of women with PCOS™. Evidence
for a familial correlation of -cell dysfunction (strong
sibling correlation for the acute insulin secretion and
the disposition index), but no insulin resistance, was
noted among families of women with PCOS™. In
another study, 25% of the sisters of women with
PCOS were affected (having menstrual irregulari-
ties and/or hyperandrogenaemia) and had increased
insulin levels and decreased glucose/insulin ratios
suggestive of insulin resistance, compared to con-
trol women™. These observations suggest that ab-
normalities of glucose regulation and type 2 diabe-
tes are common among relatives of women with
PCOS and that there is a strong association between
the two diseases.

Women with PCOS have a greater chance of
developing glucose intolerance at an earlier age than
the general population. This risk is further empha-
sised by recent epidemiological observations that
noted increased mortality from the complications
of diabetes among women with PCOS”". Central
obesity and family history of type 2 diabetes are pa-
rameters influencing the risk, as in the general pop-
ulation. Menstrual irregularity is probably an addi-
tional risk factor. Ethnicity does not appear to in-
fluence the risk, suggesting that PCOS is a more
important risk factor.

OBESITY

Obesity is a known independent risk factor for
the development of type 2 diabetes and cardiovas-
cular disease. The prevalence of obesity is rising in
societies which have adopted a westernised lifestyle
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and is today a major health issue®. In the general
population, hyperinsulinaemia seems to be the main
metabolic feature among normoglycaemic normo-
tensive obese subjects, whereas insulin resistance is
not as prevalent as previously thought’. Most im-
portantly, cardiovascular morbidity and mortality
are increased in obese women independently of oth-
er risk factors™.

The association between PCOS and obesity had
been noted in early studies on PCOS. The preva-
lence of obesity among women with PCOS was ob-
served to be as high as 41% when the diagnosis was
based on histological features after wedge resec-
tion®. This prevalence varies from country to coun-
try, depending on the population studied and the
criteria used to define PCOS. According to the UK
studies, the prevalence of obesity among PCO wom-
en is 35-38%°"%, whereas it is 36% in a black and
white population in the USA’, 10-38% in Mediter-
ranean countries™ and as high as 63% in Australia
where the diagnosis was based on stricter criteria®.
Women with PCOS tend to have a central distribu-
tion of adiposity*®. Obesity in adolescence and
weight gain after adolescence were associated with
PCOS symptoms among women of reproductive
age®.

Obesity in women with PCOS has not only long-
term implications for the general health of the indi-
vidual but additionally has important reproductive
impacts (Table 2). Obese women with PCOS have
a higher prevalence of menstrual disorders and in-
fertility”', are more likely to be hirsute and have low-
er SHBG levels, leading to higher serum concen-
trations of free testosterone'**!, than lean women
with PCOS. Obese women with PCOS are less like-
ly to respond to induction of ovulation treatment®,
require larger doses of gonadotropins to achieve

Table 2. Reproductive impact of obesity in PCOS

— Increased prevalence of menstrual disorders and hyperandro-
genism

- Reduced response to ovulation induction, requirement for
higher doses

— Increased prevalence of miscarriage

- Higher prevalence of pregnancy complications - including
gestational diabetes
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ovulation and pregnancy®”® and are more likely to

miscarry®”®”', Furthermore, obesity in the overall
population is associated with a higher prevalence of
fetal abnormalities and more pregnancy complica-
tions including a higher risk for gestational diabe-

tes™.

Weight loss may, at least partially, reverse the
biochemical abnormalities (including insulin resis-
tance, hyperlipidaemia and dyslipidaemia) and im-
prove reproductive function and hirsutism in obese
women with PCOS"7"™, Weight reduction in obese
women with PCOS is encouraged before consider-
ing therapy to induce ovulation. Modifying additio-
nal lifestyle factors, including alcohol consumption,
psychosocial stressors and smoking, are also crucial
in the long-term outcome of PCOS™.

The factors, other than diet, that contribute to
obesity among women with PCOS are unclear. An
abnormality in energy expenditure in women with
PCOS, notably in postprandial thermogenesis, has
been implicated. Postprandial thermogenesis was
significantly reduced in women with PCOS and there
was a direct correlation of postprandial thermogen-
esis with insulin resistance®. It was calculated that
if the difference in energy balance were maintained
(as seems likely) over a year, women with PCOS
would have an excess of 1.9 kg of fat. It may be that
this represented an evolutionary advantage in peri-
ods of calorie restriction, but when calorie intake is
excessive it may contribute to obesity.

In summary, a significant proportion of women
with PCOS are affected by obesity. The cause of
obesity among women with PCOS is unknown, but
the presence of obesity in PCOS women has impor-
tant long-term metabolic and reproductive conse-
quences including increased risk for type 2 diabe-
tes, cardiovascular disease, anovulation, infertility
and miscarriage. Diet and lifestyle modification may
improve reproductive function and fertility.

HYPERLIPIDAEMIA

It is well known that lipid abnormalities are as-
sociated with risk for cardiovascular disease. High-
density lipoprotein (HDL-C)™”, triglyceride levels
and low-density lipoproteins (LDL-C) are strong

independent predictors of cardiovascular death in
women while total cholesterol levels have been
shown to be poor predictors of cardiovascular mor-
tality”.

Dyslipidaemia is common among women with
PCOS. There are several studies reporting higher
total cholesterol, LDL-C*-*7”  VLDL-choleste-
rol*®, triglycerides"*”*" and lower HDL-choles-
terol levels®™™** among women with PCOS com-
pared with control women. Even after controlling
for obesity, lipid abnormalities still persist between
PCOS and control women'**>”%_In a large study of
young white women with PCOS, increased LDL-C
levels were the predominant lipid abnormality in-
dependent of obesity”™. Furthermore, women with
PCOS have raised concentrations of small LDL
(LDL III) subfractions, considered to be more
atherogenic*, and increased hepatic lipase activity
compared to weight matched control women®. The
difference in lipid profile is stronger at an earlier
age and little difference is noted over the age of 40yrs
between PCOS and control women, suggesting a
higher risk for atherosclerosis at an earlier age®”.
This may be due to an earlier onset of hormonal
disturbances, obesity and intra-abdominal fat dis-
tribution among PCOS women or may reflect the
LDL-C increase with age among controls.

Lipid abnormalities in PCOS appear to be related
to central adiposity® and hyperinsulinaemia'®®' in
some but not in all studies™. Androgen levels were
associated with triglyceride levels but not with other
lipids™, whereas others found no association be-
tween androgen levels and dyslipidaemia®'. Intere-
stingly, it was observed that women with hirsutism
and regular cycles do not present dyslipidaemia com-
pared to control women, whereas those with both
hirsutism and oligomenorrhea had lower HDL-C
and higher triglycerides®, suggesting an association
between menstrual irregularity and dyslipidaemia.

Paradoxically, in a large study of young white
women with PCOS, HDL-C levels were significant-
ly higher even among obese subjects; however, this
difference was not significant after adjusting for age,
BMI, insulin and other variables™. It is unknown
whether these increased HDL-C levels confer some
protection against cardiovascular disease in young
women with PCOS.
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The cause of dyslipidaemia among women with
PCOS remains unknown. Dyslipidaemia is more
pronounced among obese subjects but cannot total-
ly be attributed to obesity. Dyslipidaemia seems to
affect women with PCOS at a younger age, thus in-
creasing the risk for atherosclerosis. Known risk fac-
tors of dyslipidaemia, such as central adiposity and
insulin resistance, may play a significant role, while
the role of androgens is still unclear. Women with
menstrual irregularities are likely to be those exhib-
iting more pronounced dyslipidaemia.

PREVALENCE OF OTHER CARDIOVASCULAR
RISK FACTORS (TABLE 3)

Hypertension

Data on blood pressure (BP) in women with
PCOS are controversial. Blood pressure has been
reported to be raised among PCOS women com-
pared with control women, even after adjusting for
BMI**® by some but not all investigators'®. Obese
women with PCOS were found to have increased
systolic but not diastolic BP compared to weight
matched control women, but there was no difference
in BP levels among the non-obese group”™. Women
with oligomenorrhea and hirsutism had both systo-
lic and diastolic BP raised, compared to control
women®. Existing data however need to be inter-
preted with caution, while it is noteworthy that even
small differences in BP may be of clinical relevance
since at a group level a BP difference of 1.5-2 mm
Hg could have a large impact on population cardio-
vascular risk®.

Endothelial dysfunction, chronic inflammation
and altered vascular function

Endothelial dysfunction is an early event in the
process of arterial lesion formation and precedes
atherosclerosis. Assessment of endothelial function
may be a useful prognostic tool for cardiovascular
disease”. Endothelial function can be assessed di-
rectly by measuring peripheral circulation (flow me-
diated vasodilatation) or, indirectly, by the use of
inflammatory markers.

An initial study on a small number of obese wom-
en with PCOS and age matched control women re-
ported no difference in endothelial function (as-

Table 3. Cardiovascular risk factors in women with PCOS

— Insulin resistance

- Obesity

- Hyperlipidaemia

- Hypertension

- Endothelial dysfunction and chronic vascular inflammation
— Increased vascular thickness

sessed as endothelium-dependent and -independent
vascular function by brachial artery ultrasound) be-
tween the two groups, despite the presence of insu-
lin resistance and hyperandrogenism among PCOS
subjects®. The authors commented that their find-
ings could be attributed to the protective effects of
estrogen exposure and/or HDL cholesterol, which
did not differ between the two groups. However,
subsequent studies reported impaired endothelial
function among women with PCOS**". These find-
ings were present even among young, normotensive,
non-obese and non-dyslipidaemic women with
PCOS, as assessed by flow mediated dilatation on
the branchial arteries”. Resistance to the vasodilat-
ing action of insulin was noted and endothelial dys-
function was associated with obesity, insulin resis-
tance and androgen levels in women with PCOS™.
In this study, leg blood flow responses to the in-
trafemoral artery were measured in response to in-
fusions of the endothelium-dependent vasodilator
methacholine chloride and to euglycemic hyperin-
sulinemia. Abnormal vascular compliance suggest-
ing vascular stiffness (assessed by recording pulse
wave velocity across the aorta and brachial artery)
and functional defect in the vascular action of insu-
lin (studied by wire myography, by measuring the
concentration response curve to norepinephrine
before and after incubation with insulin) was re-
vealed in obese women with PCOS compared to
weight matched control subjects”. These findings are
consistent with early vascular changes associated
with insulin resistance.

Endothelin-1 is a marker for abnormal vascular
reactivity, which is postulated to contribute to the
atherosclerotic process”. Insulin has a stimulating
effect on endothelin-1 and it was hypothesised that
interaction could play a significant role in the de-
velopment of atherosclerotic lesions in hyperin-
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sulinemic conditions™. Endothelin-1 is elevated in
patients with atherosclerosis”, diabetes and obesi-
ty”. Endothelin-1 was found to be raised in women
with PCOS, independently of obesity™®, suggesting
an early vascular impairment.

Chronic inflammation results in endothelial dys-
function and facilitates the initiation of an athero-
sclerotic process. Several studies suggest that low
grade inflammation, reflected by elevated C-reac-
tive protein (CRP), can contribute to the develop-
ment of arteriosclerosis”. CRP is considered not
only an inflammatory marker of atherosclerosis but
also a mediator of the disease because it contrib-
utes to the pathogenesis of lesion formation by in-
teracting with the endothelium and therefore CRP
can be seen as a measure of endothelial dysfunc-
tion*. CRP can independently predict type 2 diabe-
tes” and has been linked to insulin resistance'”.
However, the role of inflammation in the etiology
of cardiovascular disease (CVD) and other meta-
bolic diseases is still disputed and is not generally
accepted'”. CRP concentrations were significantly
increased in women with PCOS compared to BMI
matched control women, and correlated positively
with the degree of obesity and inversely with insulin
sensitivity”"'", although not with total testosterone
concentrations'”. In another study, CRP levels were
higher among women with oligomenorrhea and/or
hirsutism than in control women, but after stratifi-
cation by BMI the differences did not persist®.

Premature atherosclerosis

Greater carotid intima-media thickness, sugges-
tive of an increased risk for atherosclerosis, was
shown in a small number of women with PCOS over
40 years of age, though there was no significant dif-
ference in the prevalence of carotid plaque between
women with PCOS and controls'”. When the study
was extended to a larger group of white women, the
difference in mean carotid IMT between PCOS
women and controls, after adjustment for age and
BMI, was only noted in women 245 years, but not
in the younger group (aged 30-44 years)'®. Central
obesity was associated with greater extent of carot-
id IMT among PCOS. Furthermore, the overall
group of PCOS women had an increased prevalence

of carotid plaque compared to control women'®,

Subsequent studies confirmed the increase in IMT
among young PCOS women compared to age and
BMI matched control subjects™'"”.

Recently, obese premenopausal PCOS women
(aged 30-45 years) were shown to have a greater
prevalence and extent of coronary artery calcium, a
marker for coronary atherosclerosis measured by
electron beam computed tomography, than antici-
pated'®. However, it may be that central obesity and
dyslipidaemia, present in that group of women with
PCOS, contributed to the increased risk for athero-
sclerosis'®. Also, the presence of PCO (on ultra-
sound scan) was associated with more extensive cor-
onary artery disease among a mixed population of
pre- and post-menopausal women (all younger than
60 years, with a mean age of 54 and 52 years among
women with normal and PCO ovaries, respectively)
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who had coronary angiography'”.

These observations suggest that women with
PCOS display altered endothelial function, low
grade chronic vascular inflammation and increased
vascular thickness. These abnormalities are indica-
tive of the early stages of atherosclerosis and there-
fore suggest an increased risk of atherosclerosis at
an earlier age than expected. It is not known wheth-
er the cause of these abnormalities can be attribut-
ed to PCOS per se or to the metabolic disturbances
of the syndrome.

CARDIOVASCULAR EVENTS

It has been predicted, based on a risk factor mod-
el —taking into account risk factor variables and com-
paring them with a reference population—, that the
risk of developing myocardial infarction is consid-
erably increased (relative risk of 7.4) for women with

PCOS compared to age matched control women'".

Although cardiovascular risk factors are in-
creased among women with PCOS, increased preva-
lence of cardiovascular events has not been con-
firmed. In a large retrospective study of 786 women
with PCOS in the UK, mortality and morbidity rates
from cardiovascular disease were not higher than
anticipated”. The diagnosis of PCOS was made on
ovarian histopathology; the majority of these wom-
en had undergone wedge resection about 30 years
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Table 4. Assessment of endothelial function in women with PCOS- tests of peripheral circulation and inflammatory markers

Authors Subjects Age (years) Method Findings
(n) (mean)
Matheretal 18 obese PCOS 32 Assessment of endothelium dependent  No difference between groups
(JCEM) 19 controls and independent (response to
2000 nitroglycerin) vascular reactivity
using brachial artery ultrasound
Paradisi 12 obese PCOS PCOS: 29 Assessment of endothelium dependent  Approximately 50% reduction
et al 2001 13 obese controls: 35  vasodilation by measuring leg blood in endothelium dependent
controls flow responses to intrafemoral artery vasodilation and resistance to
infusions of methacholine chloride the vasodilating action of insulin
and to euglycemic hyperinsulinaemia among women with PCOS
Diamanti- 43 PCOS 23 Measurement of endothelin-1 Significantly higher endothelin-1
Kandarakis (23 obese and levels among both lean and obese
et al 2001 20 nonobese) women with PCOS
17 controls
(7 obese and
10 nonobese)
Kelly 17 PCOS (mean PCOS: 26 Measurement of CRP levels Significantly higher CRP levels
et al 2001 BMI 31.5 kg/m?) controls: 33 among women with PCOS
15 controls (mean
BMI 30.3 kg/m?)
Taponen 518 cases with 31 Measurement of CRP levels Significantly higher CPR levels
et al 2004 oligomenorrhea/and/ among cases, after stratification
or hirsutism (mean for BMI differences are lost
BMI 25.1 kg/m?)
1036 controls (mean
BMI 24.2 kg/m?)
Orio et al 30 PCOS 22 Assessment of endothelium Significantly decreased flow
2004 30 controls dependent vascular reactivity mediated-dilation and significantly
All subjects had using brachial artery ultrasound. higher endothelin-1 levels among
a BMI between Measurement of endothelin-1 women with PCOS.
18 and 25
Tarkun 37PCOS PCOS: 23 Assessment of endothelium dependent  Significantly decreased flow and
et al 2004 (mean BMI controls: 24 and independent (response to nitroglycerin mediated-
23.8 kg/m?) nitroglycerin) vascular reactivity (endothelium dependent
25 controls using brachial artery ultrasound. and independent) dilation
(mean BMI Measurement of CRP levels and significantly higher CRP
22.9 kg/m?) levels among women with PCOS

before the follow-up study. Observed death rates
were compared with expected deaths using standar-
dised mortality rates. There was an increased num-
ber of deaths where type 2 diabetes was a compli-
cating factor”’. A more detailed subsequent study
by the same research group showed that cardiovas-
cular morbidity and mortality in women with PCOS
were similar to those in the general population®'.

Although the history of coronary heart disease was
not more common among women with PCOS, the
history of cerebrovascular disease was increased.
Women with PCOS had higher levels of several car-
diovascular and metabolic risk factors such as dia-
betes, hypertension, hypercholesterolaemia, hyper-
triglyceridaemia and increased waist/hip ratio. Af-
ter adjusting for BMI the differences for diabetes,
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hypertension and hypercholesterolaemia remained
significant. An increased prevalence of family his-
tory for type 2 diabetes was also noted*.

Given the increased prevalence of cardiovascu-
lar and metabolic risk factors among women with
PCOS, it is perhaps surprising that there was no sig-
nificant increase in the prevalence of cardiovascu-
lar events. Subjects studied were middle-aged at the
time of observation (the mean age in the Wild et al
study was 57 years), and the prevalence of cardio-
vascular events in both study and reference groups
was low. It may be that, as the cohort ages, there
will be a divergence between PCO and control
groups in the incidence of coronary heart disease.
Moreover, these subjects were recruited mostly
through their recorded treatment by ovarian wedge
resection. This treatment is known to have short-
term benefits for PCOS but, although unlikely, long-
term benefits in terms of cardiovascular health in
those women cannot be excluded. On the other
hand, those women with PCOS who underwent
wedge resection are likely to be those with the more
severe symptoms of the syndrome. Nevertheless, ir-
respective of any effect of surgical intervention, the
presence of a protective factor against cardiovascu-
lar disease related to PCOS cannot be excluded. Fur-
ther long-term epidemiological studies are needed
before definite conclusions can be drawn. In the
meantime, it seems sensible to counsel patients “at
risk” (i.e. particularly obese, anovulatory women
with PCOS) about possible long-term risk of car-
diovascular disease and to implement dietary and
lifestyle changes where appropriate®''".

ENDOMETRIAL CANCER

An association between PCOS and endometrial
carcinoma was first suggested in 1949, 14 years af-
ter the original description of the syndrome'”. Wom-
en with PCOS have been thought to be at increased
risk for endometrial cancer through chronic anovu-
lation and unopposed estrogen exposure of the en-
dometrium. However, the evidence for such an as-
sociation in epidemiological studies is incomplete
and contradictory'”. Many studies providing evi-
dence of an increased risk of endometrial cancer in
women with PCOS do not provide an estimate of

the relative risk compared with the general popula-
tion, or when the observations were compared to
control women the numbers of the subjects were
small'”.

The risk of developing endometrial cancer has
been shown to be influenced by a number of factors
including long-term exposure to unopposed estro-
gens, obesity, nulliparity and infertility'*. Women
with anovulatory infertility were found to be at risk
of developing endometrial hyperplasia and, in some
cases, this will be atypical and therefore premalig-
nant'*'", In one of these studies it was noted that
the risk for endometrial carcinoma was increased
only among the obese subgroup of anovulatory wom-
en'’. Although most, but not all, of the women with
chronic anovulation have PCOS, and additionally
not all women with PCOS have anovulation, the risk
for endometrial carcinoma based on anovulatory
subjects cannot be applied to all women with PCOS.

Obese women in the general population are at
increased risk for endometrial cancer compared to
normal weight women, and hypertension and rela-
tive hyperglycaemia were found to be significant
markers of risk'”""*, Women with types 1 and 2 dia-
betes mellitus have also been shown to be at in-
creased risk for endometrial cancer'. It needs to
be borne in mind that the apparent association be-
tween PCOS and endometrial carcinoma may be
related to metabolic abnormalities arising as a re-
sult of the syndrome. In a retrospective study of 345
women with PCOS, analysing the various causes of
morbidity and mortality, a significant risk of en-
dometrial carcinoma was observed among PCOS
women (OR 5.3), but obesity could be a confound-
ing factor*.

There are no prospective studies demonstrating
increased risk for endometrial carcinoma among
women with PCOS. PCOS is associated with risk
factors for endometrial cancer, but it has not yet been
clarified whether the incidence or mortality from
endometrial cancer among PCOS is increased. It is
likely that obese women with PCOS and oligomen-
orrhea or amenorrhea are at greater risk. Due to
limited data, universal screening or preventive stra-
tegies for these women cannot be applied at present
but in order to prevent endometrial hyperplasia it
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has been considered important to shed the en-
dometrium by inducing withdrawal bleed at least
every 3 months among women with PCOS who have

oligomenorrhea or amenorrhea'”.

SUMMARY

The overall risk of the development of type 2 di-
abetes was found to be increased 3-7 times among
women with PCOS. Women with PCOS have sev-
eral risk factors for developing type 2 diabetes in-
cluding central obesity, abnormalities in insulin ac-
tion and secretion and a family history of type 2 di-
abetes. Menstrual irregularity may be an addition-
al risk factor. Furthermore, mortality from the com-
plications of diabetes is increased among women
with PCOS.

Women with PCOS have increased levels of car-
diovascular risk factors: insulin resistance, obesity,
dyslipidaemia, hypertension and markers of abnor-
mal vascular function. This adverse cardiovascular
risk profile may start at an early age and may lead
to premature atherosclerosis. However, the level of
risk of cardiovascular disease is uncertain. The limi-
ted epidemiological data available to date have
shown no increase in cardiovascular events, although
the incidence of cerebrovascular events was in-
creased.

Women with PCOS are predisposed to obesity.
Obesity is an important independent risk factor for
cardiovascular disease and type 2 diabetes. The pre-
sence of obesity in PCOS women has not only long-
term metabolic health consequences but also impor-
tant reproductive consequences including anovula-
tion, infertility and miscarriage. Diet and lifestyle
modification may improve reproductive function and
fertility.

Women with PCOS have been thought to have
increased risk for endometrial carcinoma, through
anovulation and increased exposure to unopposed
estrogen; however, epidemiological data to support
this hypothesis is limited. Among the overall group
of women with PCOS, those who have the greater
prevalence of cardiovascular risk factors and are at
higher risk for type 2 diabetes and endometrial car-
cinoma are those who are anovulatory and obese.
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The new consensus regarding the definition of
PCOS provides an international framework for the
clinical assessment of PCOS and for future research
and collaboration. Importantly, there are as yet no
large, long-term studies of women with well defined
PCOS that will allow clear assessment of the risk of
disease in later life. Such epidemiological studies
are needed to assess the risk of long-term health
consequences, to identify the subgroups among
PCOS women which need to be targeted and to de-
termine the timing and nature of measures for in-
tervention and prevention.
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