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ABSTRACT
Objectives: Polycystic ovary syndrome one of the major Endocrine and reproductive abnormality
which represent the largest unique young women at high risk for development of premature
atherosclerotic heart disease. The Metabolic disturbances associated with PCOS like Insulin resistance,
hyperandrogenism, and hypertension may adversely accelerate the cardiovascular risk profile in these
young Women. With this background, a case control study was undertaken to evaluate the levels of
Traditional and Novel CV risk markers in PCOS women compared to healthy controls.
Methods: Fasting blood Glucose, Insulin, Insulin resistance (homeostasis model assessment, HOMA-
IR), Testosterone, Lipid levels, Homocysteine, C- reactive protein and Uric acid levels were
determined in Fourty diagnosed PCOS women and healthy age matched controls. All biochemical
analysis was done using commercial enzymatic kits.
Results: Testosterone the main component of PCOS, HOMA-IR were significantly (p<0.05) higher in
PCOS women than controls. Insulin, Total cholesterol, TGL, HDL, LDL levels were also significantly
(p<0.05) higher in PCOS women and the Novel CV markers Homocysteine, CRP, Uric acid were
significantly (p<0.05) elevated in PCOS women compared to controls.
Conclusion: Both Traditional and Novel CV risk markers were significantly elevated in PCOS women
indicating early onset cardiovascular risk in these young women. Hence, correction and routine
screening for these parameters helps in early identification of cardiovascular risk and can prevent the
development of endothelial dysfunction, which is a reversible early event in atherosclerosis and
appropriate treatment should be aimed to control these parameters.
Keywords: Insulin resistance, Dyslipidemia, Endothelial dysfunction, Cardiovascular risk

INTRODUCTION

Women with Polycystic ovary  syndrome
(PCOS) constitute the largest group at risk
for development of cardiovascular diseases
(CVD). The characteristic features of PCOS
include, oligomenorrhea, hyperandrogenism,
hirsutism and irregular menstrual cycle.
Clinical androgen excess in women may
signal a risk for coronary artery disease . In
time the disorder may lead to onset of
insulin  resistance, early onset of type-2
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diabetes mellitus (DM), and CVD. This may be
due to probably the result, in part of the
metabolic disturbances associated with PCOS.

It has been shown that PCOS can cause severe
insulin resistance and its secretion disturbances to
some extent. Many observations suggest that
there is a strong association between menstrual
irregularity and insulin resistance among women
with PCOS 2. Although insulin resistance is not a
disease, its presence is associated with increased
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risk of cardiovascular morbidity and mortality
and type 2 diabetes

Women with PCOS are frequently found to have
atherogenic lipid abnormalities that may reflect
underlying insulin resistance. Interestingly, it was
observed that women with hirsutism and regular
cycles do not present dyslipidaemia, whereas
those with both hirsutism and oligomenorrhea
had lower HDL-C and higher triglycerides,
suggesting an association between menstrual
irregularity and dyslipidaemia *. Women with
menstrual irregularities are likely to be those
exhibiting more pronounced dyslipidaemia °.

In recent years, interest has grown in novel
biochemical and biophysical markers of
cardiovascular risk. C-reactive protein (CRP) has
been shown to be a good predictor of vascular
events. In addition to being a marker of
inflammation, there is evidence that CRP may
have a direct role in atherogenesis via adhesion
molecule expression, complement activation, and
mediation of low density lipoprotein (LDL)
uptake by macrophages °. Endothelial function
and vascular function is also altered in women
with PCOS and vascular compliance has been
reported to be decreased. Homocysteine is
postulated to damage the vascular endothelium
directly and also raised homocysteine
concentrations have been associated with an
increased risk of ischemic heart disease and
atherosclerosis’. Uric acid exerts
proinflammatory, prooxidant and proliferative
actions at the endothelial cell level that may
increase cardiovascular risk. The increase in
serum uric acid concentrations is related to
cardiovascular events in high-risk subjects, yet
this relationship is less established in the general
population and the possible roles of uric acid as a
causal agent or as a mere marker of
cardiovascular risk are debated at present ®.
However all of these are surrogate markers and
despite their presence, it remains to be proven
(prospectively) that women with PCOS are at

increased risk  for  cardiovascular-related
morbidity and mortality.

Hence, we aimed to study the levels of both
Traditional and Novel CV risk markers in PCOS
women and compared with age matched controls
inorder to predict the early onset of

cardiovascular risk in these patients.

MATERIALS AND METHODS

This was a prospective study done in Department
of Biochemistry Bidar Institute of Medical
Sciences Bidar (Karnataka), India. After
informed consent, Fourty women diagnosed to
have PCOS by Rotterdam ESHRE/ASRM PCOS
group’s revised 2003 criteria with presence of
any two of the three criteria were recruited for the
study. These criteria were a) Oligo and/ or
anovulation with exclusion of related disorders
with similar presentation like hypothyroidism
(TSH > 5miU/ml) b) Clinical and / or
biochemical  signs of  hyperandrogensm,
c)Polycystic ovaries with exclusion of congenital
adrenal hyperplasia androgen secreting tumors.
Other exclusion criteria were patients on oral
contraceptives, glucocorticoids, antiandrogens,
ovulation inducing agents, antidiabetic drugs or
antiobesity drugs or other hormonal drugs during
the previous 6 months.

The critreria for healthy control group include no
menstrual irregularities, hirsuitism, hypertension,
Hyperandrogenism and no ultrasound (or) clinical
signs of PCOS. None of the subjects were
Diabetic, and with acute infections. A family
history of Coronary artery disease, smoking, or
Concurrent oestrogen, antihypertensive, and lipid
lowering medication Subjects were excluded.

Sampling and Storage: After overnight fasting
venous blood samples were collected in a plain
bulb, centrifuged at 2000 rpm for 15 minutes and
stored immediately at -80 °C until analysis. 1ml
of blood was collected in anticoagulated bulb and
plasma collected for analysis of glucose.
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Biochemical Analysis: Serum glucose was
measured by using glucose oxidase-peroxidase
technique. Lipid analysis in fasting serum was
performed for all patients. The lipid profile
included measurement of the levels of total
cholesterol, HDL, LDL and triglyceride. The
lipid levels were estimated by commercially
available enzymatic assay kits and were
expressed as mg/dl. CRP measurements were
determined by highly sensitive CRP (hs-CRP)
analyzed by immunoturbidometric method using

commercial Kits. The Homocysteine
concentrations were measured by using
commercial kit. Analysis of parameters was done
on Beckman CX9 auto analyzer using
commercial kits. Testosterone levels were
analyzed by Chemiluminescence’s method in
LIAISON analyzer. Insulin levels were measured
by Enzyme linked immunosorbent assay (ELISA)
technique and were expressed as plU/ml. Insulin
resistance was determined by the homeostasis
model assessment (HOMA- IR).

The estimate of insulin resistance by HOMA Score was calculated with the formula:

Fasting glucose (mg/dl) x fasting insulin (LIU/mI)

HOMA-IR =

405

All subjects had undergone anthropometric
measurements including Height (m), weight (kg),
measurements were used to calculate the body
mass index (BMI = Wt / height in m?), evaluation
of systolic and diastolic blood pressures.

Statistical Analysis: The statistical Package for
the Social Sciences (SPSS version 11.5 for

RESULTS

Windows) was used for statistical analysis.
Results were expressed as mean + SD. Unpaired
t-test (one tailed) was used to compare the means,
and a P value less than0.05 was considered to be
statistically significant.

Table : 1 Baseline Characteristics of the PCOS group and control group

Variables PCOS group | Control

n=41 group P value

Mean + SD n =40

Mean + SD

Age (years) 22.75+560 | 24.25+5.06 | 0.190
Height(cm) 153.14+24.40 155.4+3.40 0.554
Weight(Kg) 59.25+5.56 59.98+7.36 0.615
BMI (kg/m?) 2408+213 | 24.78+2.66 | 0.195
SBP(mm of Hg) 116.73+12.62 | 113.0+6.07 | 0.165
DBP (mm of Hg 73.63+£8.09 | 72.25+4.22 | 0.102
Testosterone (ng/ml) 2.11+0.69 0.81+0.29 | 0.001*
Insulin resistance 4.22+2.28 2.84+2.64 0.014*
(HOMA - IR)

BMI- Body mass Index, SBP- Systolic blood pressure, DBP- Diastolic blood pressure

Table: 1 Shows the Baseline characteristics of the Study group and control group. By design, there were
no significant differences between the two groups in Age, height, weight and BMI. Similarly, there were
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no significant differences in systolic and diastolic blood pressure in PCOS women when compared to the
control group. The main component of PCOS i.e., serum testosterone levels and Insulin resistance
(HOMA-IR) levels were significantly elevated in PCOS women when compared to control group (p
=0.000), (p=0.014).

Table: 2 Characteristics of Traditional CV risk markers in the PCOS group and control group.

PCOS group Control group

Parameters Mean + SD Mean + SD P value
FBS (mg/dl) 93.02 £ 11.39 92.5+5.63 0.794
Insulin (UIU/mI) 18.62 £ 10.02 12.38+11.54 | 0.011*
Totalcholesterol(mg/dl) | 171.66 £37.14 | 148.72 £26.42 | 0.002*
Triglycerides(mg/dl) 151.24 +63.97 | 107.25+38.29 | 0.001*
HDL — C (mg/dI) 36.73+3.65 4515+ 4.16 0.001*
LDL — C (mg/dl) 105.75+37.90 | 80.57+29.61 | 0.001*
VLDL (mg/dl) 30.24 +12.79 21.45+7.65 | 0.001*

FBS- Fasting Blood Glucose, HDL-C- High density lipoprotein cholesterol, LDL-C- Low density lipoprotein
cholesterol, VLDL-C- Very low density lipoprotein cholesterol.
As shown in Table: 2 the traditional CV risk factors i.e., FBS, Insulin, Total Cholestrol (TC), TGL, HDL,
LDL. Among all factors FBS has no significant differences between two groups. While Insulin (p=0.011),
TC (p=0.002), TGL, HDL, LDL (p =0.001) were significantly elevated in PCOS Women when compared
to control group.

Table: 3 Characteristics of Novel CV risk markers in the PCOS group and control group

Parameters PCOS group | Control group P value
Mean + SD Mean + SD

Homocysteine 18.23+7.07 12.10£3.32 0.001*

CRP 5.46x3.05 1.78+1.71 0.001*

Uric acid 6.08+1.14 4.02+0.62 0.001*

CRP- C- reactive protein.

Table: 3 shows the novel cardiovascular risk factors i.e., CRP, Homocysteine, and uric acid were found to

be significantly elevated in PCOS women (p =0.001) when compared to the control group.

DISCUSSION

This study was attempted to understand whether
the traditional and novel CV risk markers were
increased in PCOS women in case which may
lead to early onset of cardiovascular risk in these
population. We noted an abnormal lipid profile,
Hyperinsulinemia,  Insulin  resistance, and
increase levels of Homocysteine, CRP, Uric acid
levels in PCOS women when compared with age
matched controls.

It was first reported by Burghen et al ° in 1980
and subsequently confirmed by Chang et al ° in
1983 that insulin resistance is present in PCOS
women. Insulin resistance is now recognized as a
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major risk factor for the development of type 2
(non-insulin-dependent) diabetes mellitus
(NIDDM). Dunaif et al ' demonstrated that
women with PCOS were insulin resistant,
independent of obesity. Many women with PCOS
exhibit B-cell dysfunction reducing insulin
response to a glucose load insufficient for the
degree of insulin resistance. The mechanism
responsible includes the markedly diminished
insulin-induced  receptor autophosphorylation
seen in 50% of women with PCOS. This defect is
unique to women with PCOS and is attributable
to an abnormal protein tyrosine kinase receptor.
In the present study the PCOS women showed
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Hyperinsulinemia (p = 0.011) and insulin
resistance.  Fasting insulin  levels  were
significantly higher in PCOS group in accordance
to previously published studies 2** 3. |nsulin
resistance calculated by HOMA-IR was also
found to be elevated in the PCOS group (p =
0.014). Insulin  resistance  results in
hyperandrogenemia due to decrease in sex
hormone binding globulin (SHBG). This insulin
resistance and the resulting hyperinsulinemia
contribute to the reproductive abnormalities of
PCOS women °. Insulin resistance and androgen
excess together collaborate in increasing risk for
type 2 DM in PCOS women, a well known risk
factor for macrovascular and particularly
coronary artery disease. All the PCOS women in
the present study had hyperandrogenemia
(p=0.001).

Polycystic ovary syndrome is an associate with a
higher frequency of cardiovascular risk factors. In
the present study, PCOS women had increased
levels of serum total cholesterol (p=0.002),
triglycerides, LDL-C and decreased HDL-C
levels (p=0.001) indicating more risk for
cardiovascular disease. Our study is in line with
Olivier V et al **, who showed that PCOS women
were associated with  more  pronounced
atherogenic lipid profile i.e increased LDL-C and
decreased HDL-C levels. In an Indian study done
by Anuradha K et al **, PCOS women also
showed increased total cholesterol, triglycerides
and LDL-C and decreased HDL-C levels in
insulin resistance women compared to insulin
sensitive women. Mirjana S et al ' suggested that
PCOS per se without obesity affects insulin
secretion and lipid metabolism, mainly
triglyceride levels which enhances atherogenic
potential in these subjects. In another study, by
Haffner SM et al '’ demonstrated that insulin
resistance is  associated with increased
triglycerides and decreased HDL-C levels, which
is potent combination that promotes coronary
heart disease. Bickerton AST et al ' did not
found any difference in lipid parameters in PCOS

women compared with controls their possible
explanation is reduced insulin sensitivity. This is
supported by the observation that the typical
disturbance of lipid parameters seen in PCOS is
associated with the presence of insulin resistance
18

The possible explanation IS that
Hyperinsulinemia and hyperandrogenemia cause
adipocytes to undergo increased catecholamine-
induced lipolysis and release of free fatty acids
into the circulation. Increased free fatty acids in
the liver stimulate secretion of very low-density
lipoprotein (VLDL), which ultimately leads to
hypertriglyceridemia *°. It has been postulated by
Wetterau and coworkers® that insulin inhibits the
expression of the microsomal triglyceride protein,
which is responsible for the secretion of
apolipoprotein B (apoB) and VLDL. Insulin
resistance leads to hepatic overproduction of
apoB and VLDL and, ultimately, to
hypertriglyceridemia. Atherogenic modifications
of LDL cholesterol toward smaller, more dense
particles have been demonstrated ** Androgens,
particularly testosterone, may have a role by
decreasing lipoprotein  lipase activity in
abdominal fat cells #. Hepatic lipase has a role in
catabolism of HDL particles, is significantly up-
regulated in hyperandrogenemia i.e, in PCOS
women leading to decreased levels in these
women. This is demonstrated by Elbers et al %,
by supplementation of exogenous androgens in a
study of female to male transsexuals.

This shows that Traditional CV risk markers are
increased in PCOS women which indicate more
cardiovascular risk.

Plasma homocysteine levels are widely accepted
as an independent risk factor for cardiovascular
disease. Homocysteine has been reported to
promote atherosclerosis by inducing endothelial
dysfunction through limited bioavailability of
nitric oxide and altered blood vessel elasticity;
enhancing the activation of coagulation system
and increasing the platelet adhesiveness .In the
Present study we examined the serum levels of
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Homocysteine in PCOS women and found
elevated levels in PCOS women (P=0.001) when
compared to control group. Previous studies had
shown that PCOS patients have significantly
higher plasma homocysteine concentrations with
regardless of BMI i.e., in both lean and obese
PCOS patients than control group * . Some
studies shown that, mean plasma homocysteine
levels are significantly higher in Insulin-resistant
PCOS patients when compared with non-insulin-
resistant PCOS patients regardless of BMI which
indicates relationship of Homocysteine with IR 2"
28

Plasma levels of insulin seem to influence
homocysteine metabolism through effects on
glomerular filtration or by influencing activity of
some important enzymes in homocysteine
metabolism like methyltetrahydrofolate reductase
(MTHFR) and hepatic cystathione [ synthase
(CBS). Homocysteine levels are seems to be
related with risk of cardiovascular disease and
complications, by increasing oxidative stress in
vascular endothelium, activation of platelets
impairment of blood flow stimulation of vascular
smooth muscle proliferation and may be one of
the signals inducing apoptosis in vascular
endothelial cells by activating unfolded protein
response 2> % Homocysteine levels are
influenced by a number of variables, including
smoking, renal function, vitamin By,, folate status
and enzyme dysfunction states. All of the patients
in our study are nonsmokers. Their renal function
was normal as evident from the normal serum
creatinine levels (0.7+0.052 mg/dl).
Methyltetrahydrofolate  reductase = (MTHFR)
enzyme deficiencies and vitamin levels were not
screened in this patient group, as in the study by
Laivuori et al. ** and Tsanadis et al. ** who had
studied the enzyme levels and did not found
significant levels. Vitamin B12 levels and folic
acid levels were examined in the study by Yarali
et al ® and no significant differences were found
between PCOS and controls. The vascular
endothelial aspect and Hyperinsulinemia might

be responsible for the higher homocysteine levels
in these patients.

Serum markers of inflammation are being
increasingly  recognized as predictors of
atherosclerosis and cardiovascular diseases.
Chronic inflammation results in endothelial
dysfunction and facilitates the initiation of an
atherosclerotic process. Several studies suggest
that low grade inflammation, reflected by
elevated C-reactive protein (CRP), can contribute
to the development of atheriosclerosis *. CRP is
considered not only an inflammatory marker of
atherosclerosis but also a mediator of the disease
because it contributes to the pathogenesis of
lesion formation by interacting with the
endothelium and therefore CRP can be seen as a
measure of endothelial dysfunction *. CRP can
independently predict type 2 diabetes and has
been linked to insulin resistance *. However, the
role of inflammation in the etiology of
cardiovascular disease (CVD) and other
metabolic diseases is still disputed and is not
generally accepted. In our study we find elevated
hs-CRP (p=0.001) levels when compared with
age matched controls. Our findings are in
agreement with other studies who has found a
significant difference in CRP levels between
PCOS patients and controls, and they suggested a
chronic subclinical inflammatory process may be
the possible underlying  mechanism  of
atherosclerosis in some PCOS patients ** %',
Recent evidence suggests that CRP may have a
direct role in the pathogenesis of atherosclerotic
lesion formation and appears to affect a number
of interrelated pathways in the vascular
endothelium, including the induction of
expression of adhesion molecules, foam cell
formation by inducing LDL opsonisation and
which cause monocyte recruitment in the arterial
wall. CRP also activates complement and
endothelial cell (EC) sensitization which leads to
EC damage finally leading to atherosclerotic
plaque rupture *. Theoretically, CRP may
differentiate between those PCOS women who
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are at high risk for developing Type-2 Diabetes
and CVD *.

Uric acid is another newly described coronary
risk factor. PCOS women having insulin
resistance may lead to hyperuricemia. Recently,
an inverse correlation between serum uric acid
concentrations and insulin sensitivity has been
described in subjects with varying degrees of
metabolic syndrome, suggesting that
measurement of serum uric acid may provide a
simple marker of insulin resistance “. In the
present study high uric acid levels (p=0.001)
were seen in PCOS women compared to control
group. This is in contrast to Manuel Luque-
Rami'rezl, et al ® who found no significant
differences in uric acid levels between PCOS
women and non-hyperandrogenic control women.
Similarly Anttila L et al “° also found no
differences in uric acid concentrations between
PCOS women and control group.

The findings of the present study are in contrast
to the studies described above. Uric acid levels
are affected by ethnicity, BMI, renal function.
Obesity is the main determinant of serum uric
acid levels in PCOS patients ®. However, obesity
cannot be the contributing factor in the present
study because the study group and control group
were BMI matched to remove the influence of
BMI. PCOS women are insulin resistant and
exhibit hyperinsulinism. Hyperinsulinism has an
inhibitory effect on the renal excretion of uric
acid which might explain the higher uric acid
levels in PCOS women, though in the reference
range compared to the control group. The
elevated uric acid levels might be due to
Androgens which may increase serum uric acid
levels by inducing the hepatic metabolism of
Purines ®. This is supported by the finding that
only the antiandrogenic oral contraceptive pill
Diane35 Diario, and not the insulin sensitizer
metformin, decreased uric acid concentrations
significantly in PCOS women. Increases in uric
acid concentrations as small as 59 umol /

strangulated hernias L (0.99mg/dl), increase the
frequency of cardiovascular events and ischemic
cardiopathy ®.

CONCLUSION

In conclusion the findings of the present study
show significantly elevated levels of both
Traditional and Novel Cardiovascular risk
markers in PCOS women. The altered glucose
metabolism is due to pathogenesis of insulin
resistance and abnormal lipid profile results in
increased risk for cardiovascular morbidity in
PCOS Patients. At the same time, inflammatory
risk marker CRP, homocysteine can cause
endothelial dysfunction and thus increase the risk
of early onset cardiovascular risk in these young
women. Hence, correction of these CV risk
factors in PCOS women can play an important
role in decreasing the cardiovascular mortality in
these patients. Hence, routine screening for these
parameters helps in early identification of these
cardiovascular risk factors can prevent the
development of endothelial dysfunction, which is
a reversible early event in atherosclerosis and
appropriate treatment should be aimed to control
these parameter.
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