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ABSTRACT

Background: The incidence of polycystic ovarian syndrome (PCOS) is increasing among young women. PCOS
women have decreased insulin sensitivity independent of body mass index with increase in lipid levels. Studies on
measuring inflammatory status in PCOS showed varying results. The inter-relationship between inflammatory status,
insulin resistance and lipid levels among PCOS women was studied.

Methods: Twenty PCOS women and 20 healthy controls of age 18-25 years were recruited. Fasting blood samples
were collected for estimation of serum glucose, insulin levels, lipid levels and C-reactive protein (CRP) concentration.
Insulin resistance was determined by homeostasis model assessment (HOMA-IR) index.

Results: PCOS women had significant increase in fasting insulin, HOMA-IR and triglycerides compared to healthy
controls. HOMA-IR was positively associated with serum triglycerides, VLDL levels and CRP levels among PCOS
subjects. Total Cholesterol was positively associated with CRP. Regression analysis showed HOMA-IR as a sole
parameter strongly linked with PCOS women. This indicates that, IR is an independent pathogenic variable linked
with PCOS which in turn showed positive association with CRP and triglycerides.

Conclusion: IR is the hallmark of PCOS among young adolescent women. IR is associated with elevated CRP and
triglyceride levels. Taking measures to increase insulin sensitivity, may help in altering dyslipidemia and
inflammatory status, thereby reducing CVD risk among young women with PCOS.
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INTRODUCTION Insulin resistance (IR) and hyperinsulinemia may play

an important role in pathophysiology of PCOS.* All
women with PCOS are therefore at risk to develop
impaired glucose tolerance and type-2 diabetes mellitus

Polycystic ovarian syndrome (PCOS) is a complex and
heterogeneous disorder of women within reproductive

age group. It affects around 5 to 6 % of women® and
its prevalence is on the rise among adolescent girls.?
PCOS is characterized by polycystic ovaries,
hyperandrogenism, and chronic anovulation complicated
by wvarying degrees of insulin  resistance,
hyperinsulinemia and abdominal obesity. It is one of the
most common causes of anovulatory infertility associated
with long-term consequences such as type 2 diabetes
mellitus, endometrial hyperplasia, and coronary artery
disease.’

http://dx.doi.org/10.5455/2320-1770.ijrcog20130913

(T2DM). Due to the strong association between insulin
resistance and PCOS, the Androgen Excess Society had
recommended for screening all PCOS patients with two
hour oral glucose tolerance test every 2 years and annually
if evidence of impaired glucose tolerance or additional
risk factors for emergence of T2DM is identified.

PCOS is accompanied by a low grade chronic

inflammation as it was found to have significantly
elevated levels of high sensitive C-reactive protein (hs-
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CRP) compared to healthy controls.’ In an attempt to
identify the possible cardiovascular disease (CVD) risk
factors in PCOS subjects, Boulman et al found that CRP
was the only factor elevated. This finding had given
special role that it may be used as a marker of early
cardiovascular risk in these patients.” Chronic
inflammatory status was found to be more profound in
obese PCOS patients than non-obese PCOS patients.?

Altered lipid levels is another CVD risk associated with
PCOS patients. Total cholesterol, triglycerides and LDL
cholesterol were found to be elevated in both obese and
non-obese PCOS patients compared to controls.’
Anuradha et al have identified that dyslipidemia was
more evident among PCOS women with insulin
resistance compared to PCOS women without insulin
resistance and this dyslipidemic status was independent
of obesity.” The clustering of occurrence of lipid risk
factors make PCOS individuals to have increased risk of
coronary diseases."’ The most consistent alterations in
lipid metabolism associated with metabolic syndrome are
elevated triglyceride and low HDL concentration.*

The interrelation between insulin resistance, hs-CRP and
dyslipidemia was extensively studied in multiple
disorders like diabetes mellitus, chronic renal failure and
metabolic syndrome etc. In an attempt to study the inter-
relation between insulin resistance and inflammatory
markers in PCOS, only interleukin-6 was found to have
positive correlation with Homeostasis Model Assessment
— Insulin Resistance (HOMA-IR) index, even though hs-
CRP was elevated in PCOS patients compared to controls
in Egyptian population.® But studies demonstrating the
relation of IR with inflammatory status and serum lipid
levels in PCOS are not done to our knowledge in Indian
population. In view of this we attempted to explore the
relationship between CRP and dyslipidemia with insulin
resistance in women with PCOS and compare it with
normal healthy controls.

METHODS

This study was conducted in Department of Biochemistry
in association with Department of Obstetrics and
Gynaecology, Sri Manakula Vinayagar Medical College
& Hospital (SMVMCH), Puducherry. After obtaining
approval by Institute Human Ethical Committee, 20
women with PCOS (According to Androgen Excess
Society criteria 2006)* and 20 normal healthy women of
age group 20-30 years were enrolled. Three milliliters of
fasting blood samples were collected from cases and
controls, centrifuged at 2500g for 5 minutes to separate
the serum. Serum glucose, hs-CRP levels and lipid profile
were analysed immediately and the rest of the sample
was stored at -20°C for Insulin assay.

Biochemical Analysis

Serum total cholesterol was measured by cholesterol
oxidase - peroxidase method and triacylglycerol (TAG)
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level was measured by glycerol kinase - peroxidase
method. HDL-cholesterol was measured by divalent
cation precipitation method. VLDL cholesterol level was
calculated by dividing the triacylglycerol concentration
by 5. LDL-cholesterol was calculated using Friedwald’s
formulae [TC-(VLDL+HDL)].®® Serum glucose was
measured by glucose oxidase - peroxidase method. All
these parameters were analysed using reagent Kits
adapted to automated chemistry analyzer, Cobas mira
plus, Rosche Diagnostics. hs-CRP was quantified by
latex (slide) agglutination process with the reagents from
Beacon Diagnostics, Navsari, India. Serum Insulin was
measured by solid phase competitive chemiluminescent
enzyme immune assay using the reagents supplied by
Siemens health care diagnostics, USA adapted to
Immulite-1000 Automated Chemiluminescent Analyser.
Homeostasis model assessment (HOMA) index was
calculated [fasting glucose (mmol/L) x fasting
insulin/22.5] to assess insulin resistance.™

Statistical Analysis

All parameters were expressed as mean * standard
deviation. Unpaired student‘t’ test was used to compare
the significance between controls and PCOS cases.
Pearson’s correlation analysis was performed to assess
the interrelation between the various parameters. A ‘p’
value of less than 0.05 was considered as significant for
all statistical tests.

RESULTS

In our study we enrolled 40 subjects who gave
informed consent to participate in this project. Out of
them 20 were having PCOS and 20 were normal healthy
controls.

Table 1 displays the results of serum fasting glucose,
fasting insulin, lipid profile and hs-CRP levels among
PCOS subjects and healthy controls. Serum fasting
insulin, insulin resistance (HOMA-IR) and triglycerides
were significantly higher in PCOS subjects compared to
the normal healthy controls. Fasting serum glucose and
CRP levels were increased in PCOS subjects compared to
controls but not statistically significant.

When correlation analysis was done between IR and
other biochemical variables among PCOS, we found that
insulin resistance as calculated by HOMA-IR was
positively associated with serum triglycerides and VLDL
levels (Table 2). HOMA-IR and Total Cholesterol were
found to be positively correlated with hs-CRP as shown
in Table 3. No correlation was found between other lipid
risk factors and CRP.

Table 4 displays binary regression analysis of IR, CRP,
triglycerides and cholesterol among PCOS patients. IR
alone was found to have strong predictive value in
PCOS women. This indicates that, IR is an independent
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pathogenic variable linked with PCOS which in turn
showed positive association with CRP and triglycerides.

Table 1: Comparison of biochemical parameters
between PCOS subjects and controls.

Controls Cases
n=20 n=20

Fasting glucose

(mg/di) 90 £ 17 97 +19
Fasting Insulin *
(mIU/Lit 6.80+1.79 11.1+2093
HOMA-IR 1.52+0.51 2.63+0.87
Total cholesterol 157 + 22 156 + 27
(mg/dlI)

Triglycerides 99 + 23 122 + 38"
(mg/dl) - -
HDL-cholesterol

(mg/dl) 42+5 41+6
LDL-cholesterol

(mg/dl) 95+ 22 91+25
VLDL (mg/dl) 21+6 25+7

CRP (mg/dl) 1.2+04 1.35+0.4

HOMA-IR: Homeostasis model assessment — Insulin
resistance
*

p<0.05 compared to controls; p value calculated by
student ‘t” test

Table 2: Correlation analysis between biochemical
variables with insulin resistance among PCOS

subjects.
. HOMA - IR
r-value |
Fasting glucose 0.574* 0.001
Insulin (mIU/Lit) 0.805* 0.001
Total cholesterol 0.382 0.096
Triglycerides 0.615* 0.004
HDL-cholesterol 0.065 0.787
LDL-cholesterol 0.209 0.376
VLDL 0.615* 0.004
CRP 0.455 0.049

p value is calculated by Pearsons method. p <0.05 is
considered  statistically  significant; HOMA-IR:
Homeostasis model assessment — Insulin resistance
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Table 3: Correlation analysis between biochemical
variables with inflammatory status among PCOS
subjects.

r-value
Fasting glucose 0.222 | 0.34
Insulin (mIU/L.it) 0.387 0.092
HOMA-IR 0.445* 0.049
Total cholesterol 0.466* 0.038
Triglycerides 0.267 0.25
HDL-cholesterol 0.279 0.23
LDL-cholesterol 0.357 0.12
VLDL 0.267 0.25

p value is calculated by Pearsons method. p <0.05 is
considered  statistically  significant; HOMA-IR:
Homeostasis model assessment — Insulin resistance

Table 4: Binary regression analysis of factors
associated with subjects with polycystic ovarian
syndrome.

OR (95% CI) pvalue

HOMA-IR 0.004-0.286  0.002

Total Cholesterol 0.987 - 1.074 0.173

Triglycerides 0.986—-1.022  0.705

C-Reactive Protein  0.111 — 8.857 0.993

OR: odds ratio; HOMA-IR: Homeostasis model assessment-
Insulin resistance

DISCUSSION

Women with PCOS are at increased risk to develop
reproductive complications like infertility, endometrial
cancer, late menopause and also metabolic aberrations,
including insulin resistance, Type 2 Diabetes mellitus,
dyslipidemia and cardiovascular diseases.® Insulin
Resistance is found in approximately 50% to 70% women
with PCOS which is independent of obesity and
contributes to its pathogenesis.”® In our study, PCOS
women showed increased IR when compared with
normal healthy controls. Among PCOS subjects, no
abnormalities were found in number or affinity of insulin
receptor to insulin'®, but decreased glucose entry into the
cells secondary to reduced GLUT-4 glucose transporters
had been observed irrespective of obesity status.’” This
suggests the possible role of post-receptor defect in
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insulin signaling pathway and may be related to
constitutive serine phosphorylation of the insulin
receptors.®

Studies have shown that there is an increased prevalence
of cardiovascular disease in women with PCOS.*® CRP is
a globally accepted indicator of cardiovascular disease
(CVD) risk.® CRP has been shown to be elevated in
PCOS subjects compared to controls in various studies,
but this effect was found to disappear after adjusting for
BMI indicating that BMI is a major factor associated with
elevation of CRP among PCOS subjects.”* This is
supported by other studies where age and BMI were
contributing factors for elevation of CRP levels.?>* Even
in our study, as the cases and controls were age and BMI
matched, we did not find any significant elevation of hs-
CRP levels in PCOS cases compared to controls. Ji
Young Oh et al showed a lower CRP levels in Asian
women when compared to Caucasian and Hispanic
women.? This may also be a reason for not getting
significant elevation in CRP levels in our study.

In the present study, we found a significant positive
correlation between hs-CRP levels and IR. On binary
regression analysis, IR only was identified as a persistent
associated parameter with PCOS. This indicates that IR
linked with PCOS pathogenesis might be the cause for
the association of CRP with PCOS. This may be due to
the lack of inhibitory effect of insulin on synthesis of
acute phase proteins like CRP by hepatocytes.**

Dyslipidemia is another accepted indicator of CVD risk.
Approximately 70% of PCOS patients exhibit an
abnormal serum lipid profile.® In the present study,
PCOS women showed significant elevation in serum
triglyceride level compared to healthy subjects whereas
no difference was seen in total cholesterol, LDL and
HDL levels. Triglycerides were also positively associated
with IR. IR leads to increased catecholamines induced
lipolysis in adipocytes, increasing serum free fatty acid
(FFA) levels. This increase in FFA level stimulates
VLDL production in liver leading to
hypertriglyceridemia.?® Another mechanism postulated by
Wetterau and coworkers explains that insulin is needed
for the repression of microsomal triglyceride protein,
which is responsible for the secretion of apo B and VLDL
and ultimately leading to hypertriglyceridemia.”’

In conclusion, IR is the hallmark of PCOS among young
adolescent women. IR is associated with elevated CRP
levels and hypertriglyceridemia. Taking measures to
increase insulin sensitivity, may help in altering
dyslipidemia and inflammatory status, thereby reducing
CVD risk among young women with PCOS.
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