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Abstract

Background: Polycystic ovary syndrome (PCOS), a common endocrine disorder, is associ-
ated with infertility, menstrual dysfunction, hirsutism and frequent miscarriages. Insulin re-
sistance, as a major cause of PCOS, represents a disorder with increase in inflammatory
markers and risk of type 2 diabetes. We aimed to investigate whether inflammatory markers,
including C-reactive protein and C3 (Complement), are related and altered in polycystic ova-
ry syndrome.

Methods: A case-control study including forty-two women diagnosed with PCOS, according
to Rotterdam criteria, and forty-two healthy controls, matched for body mass index (BMI)
and age, was conducted in 2012. C-Reactive protein (CRP) and C3 were assessed as possible
determinants of the homeostasis model assessment (HOMA) index. Independent-sample t-
test was used to compare the means of the groups in age, BMI, C3, FBS and BS 2hpp (2 hr
postprandial glucose) and for CRP, Fasting Insulin and 2 hr Plasma Insulin and HOMA in-
dex. Mann-Whitney test and Pearson correlation were used for analyzing the data. The
p<0.05 was considered as statistically significant.

Results: Levels of plasma CRP (p=0.039), 2 hr pp (p=0.045), Fasting Insulin (p=0.002), 2 hr
Plasma Insulin (p=0.002) and HOMA index (p=0.002) were significantly higher in PCOS pa-
tients. But C3 was not significantly higher in cases (p=0.885). There was no significant corre-
lation between C3 and CRP with HOMA index.

Conclusion: CRP increased significantly in patients with PCOS and was associated with in-
sulin resistance, the most probable cause of PCOS. However, such an association was not
found in C3.
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Introduction

mon endocrine disorder, characterized by

P olycystic ovary syndrome (PCOS) is a com-
clinical and/or biochemical hyperandrogen-

There are various reports about the prevalence of
PCOS according to racial and genetic differences,
it ranges from 2—-20% (4).

ism and chronic anovulation, polycystic ovaries in
ultrasonography findings, and frequently morbid
obesity, which is associated with infertility, men-
strual dysfunction, hirsutism and frequent miscar-
riages (1, 2).

Insulin resistance, as a major abnormality asso-
ciated with PCOS, represents a disorder with in-
creased risk of type 2 diabetes (5, 6) and is usually
associated with an increase in inflammatory
markers (7).
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Previous studies suggest that the cytokines, aris-
ing partly from adipose tissue, could possibly be
responsible for the metabolic abnormalities asso-
ciated with insulin resistance.

In this respect, many markers are proven to be
associated with insulin resistance, metabolic syn-
drome and diabetes amongst which C-reactive
protein has been the most studied marker. Howev-
er, the causal association has not been proven yet
(7-13).

One hypothesis is that the inflammatory cyto-
kines that stimulate the hepatic production of
acute phase proteins are mainly secreted by the
adipose tissue excessively and that such cytokines
may result in insulin resistance by indirectly caus-
ing the phosphorylation and proteosomal degrada-
tion of insulin receptor substrates or by indirectly
interfering with the insulin receptor substrate in-
teraction (7).

Along with inflammatory markers, many other
factors, such as genetic variations and infections
might also play a role in the inflammation process
of PCOs (1).

While the etiology of PCOS and the casual asso-
ciation with inflammatory markers is not clear yet,
some studies have investigated the association
between C3 and/or CRP with insulin resistance
and PCOS. They have shown positive correlation
between the increase in C3 and CRP with insulin
resistance and PCOS while the association be-
tween C3 and PCOS was reported to be stronger
(7, 14). The present study aimed to evaluate the
serum level changes of C3 and CRP in PCOs in
comparison with healthy controls matched for age
and BMI. In other words, we aimed to determine
the changes in CRP and C3 in patients who do not
have obesity. In addition we wanted to determine
the association between CRP and C3 with insulin
resistance (As defined according to the homeosta-
sis model assessment [HOMA] in patients with
PCOS.)

Methods

Assessing the association of pro-inflammatory
markers, CRP and C3, with PCOS was a case-
control study conducted at Iran University of
Medical Sciences hospitals through the year 2012.
The study was conducted after achieving the ap-
proval of the university ethics board committee on
medical research.

Forty-two Iranian women with established PCOS
and forty-two healthy women in reproductive age
were recruited in this study.

The diagnosis of PCOS was made based on the
Rotterdam criteria. All patients presented with at
least two of the three following criteria: 1-Oligo-
menorrhea or amenorrhea, 2-Clinical signs of
hyperandrogenism (Hirsutism and acne) and 3-
Polycystic ovaries in ultrasound study.

Androgen-secreting tumors, congenital adrenal
hyperplasia, thyroid dysfunction, hyperprolac-
tinemia, Cushing’s syndrome and diabetes melli-
tus were ruled out in all subjects. None of the
women were suffering from any other diseases,
including recent infectious diseases or had been
taking oral contraceptives, Metformin or Thiazoli-
dinediones in the previous 3 months.

Forty-two BMI and age matched healthy women
served as the control group. All subjects gave
their informed consent to participate in the study
and the study protocol conforms to the ethical
guidelines of the Declaration of Helsinki.

We considered the patients with BMI<40 and
matched the groups due to the confounding effect
of BMI on PCOS.

Blood samples were collected from all patients
and healthy controls. C3, CRP, fasting plasma
glucose (FPG), 2 hours postprandial glucose
(2hpp), Fasting Insulin and 2 hr Plasma Insulin
were measured.

C3 and CRP were measured by immunoturbidi-
metric methods with commercially available La-
tex kits (Aniston and Bionic kits, respectively).
Their analytical sensitivity was 0.04 g/l for C3
and 0.01 mg/dl for CRP. Insulin was measured by
an electrochemiluminescence immunoassay, with
an analytical sensitivity of 0.2 mU/I.

Insulin resistance was estimated with the HOMA
index: (Insulin [mU/l]xblood glucose [mmol/l])/
22.5.

All statistical analyses were performed with
SPSS 11.5 software. The quantitative data like
BMI, C3, CRP, FBS, 2hpp, Fasting Insulin, 2 hr
Plasma Insulin and HOMA Index were expressed
as mean= standard deviation (SD) or median with
interquartile range (IQR);

To compare means of age, BMI, C3, FBS and
BS 2hpp in the groups, independent-sample t-test
was used and for CRP, Fasting Insulin and 2 hr
Plasma Insulin and HOMA index, Mann-Whitney
U test which is a non-parametric test was used
(variances of data in two groups are not equal).
For assessment of association between C3 and
CRP with insulin resistance, Pearson correlation
coefficient was used. P-values of less than 0.05
were considered statistically significant.
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Results

Forty two Iranian women with established PCOS
(case group) and mean age of 29.5+5.08 and forty
two healthy women in reproductive age (control
group) and mean age of 28.48+5.00 were recruit-
ed in this study. The mean BMI in the case and
control groups were 24.40+4.42 and 25.52+3.76
respectively. The clinical and laboratory charac-
teristics of the women in two groups are shown in
table 1.

CRP (mean value in case group was 4.7+1.5
mg/l and in control group 0 with a p-value of
0.039), 2hpp (p=0.045), Fasting Insulin (p=0.002),
2 hr Plasma Insulin (p=0.002) and HOMA index
(p=0.002) were significantly higher in PCOS
group than the controls. There were no significant
differences between two groups with respect to
C3 (median value in case group was 124(107.75-
150.25) and in control group 120.5 (23.00-29.00)
with a p-value of 0.885) and FBS (p=0.498).

In PCOS group, there were no significant associ-
ations between CRP, C3 and insulin resistance as
defined according to HOMA index (r=0.095,
p=0.550 and r=0.109, p=0.492) respectively (Ta-
ble 2).

Dehdashtihaghighat S, et al. [RIRd!

tween CRP or C3 levels with insulin resistance. It
seems that CRP increase is involved in PCOS
through other mechanisms rather than insulin re-
sistance.

Different factors including patient's BMI have
association with PCOS. There is an association
between high BMI and PCOS and it was shown
that losing weight in overweight women can be an
effective first-line treatment in these patients (15).
Moreover, body fat is associated with increased
CRP in those with PCOS and hyperandrogenic
state (16). In our case-control study, we tried to
overcome this confounding factor by matching
patients for BMI. In addition, they were matched
for age to include those with almost the same
condition in the study. CRP is the most studied
inflammatory marker in association with insulin
resistance in PCOS. Ridker et al. found CRP as a
sensitive marker of mild chronic inflammation,
which is produced by the liver (12).

As CRP production in the liver is modulated by
some adipokines, such as interleukin-6 and tumor
necrosis factor alpha, some authors have hypothe-
sized that increased body fat may be the mecha-
nism underlying the relation between high level of
CRP and PCOS (19). Although we did not meas-

Table 1. The clinical and laboratory characteristics of PCOS cases (case group) and healthy con-
trols (control group)

Variable Case group Control group p-value
C3 (mg/dI)* 124(107.75-150.25)  120.50(23.00-29.00) 0.885
HOMA Index (mU/l)x(mmol/l) ** 56.52+75.96 18.45+6.38 0.002
FBS (mgr/dl) ** 89.43+7.83 90.79+10.29 0.498
CRP (mg/l)* 4.7+1.5 0.00 0.039
bs2hpp (mg/dl)* 90.50(79.75-90) 98(100.50-109.50) 0.045
Fasting Insulin (mU/I)* 9(6.67-12.50) 4.25(3.70-5.20) 0.002
2 hr Plasma Insulin (mmol/I)* 23.55(7.55-38.70) 14.50(9.80-21) 0.002

* Median (IQR), ** MeantSD

Table 2. Relationship between CRP, C3 and HOMA
index (assessed by Pearson correlation coefficient)

. HOMA index
Variable
r R square p-value
CRP 0.095 0.009 0.550
Cs 0.109 0.12 0.492
Discussion

Our study revealed a significant increase of CRP
in patients with PCOS in contrast to healthy con-
trols while such a difference was not seen in C3
levels. Moreover, no association was found be-

ure the visceral fat levels in our study, probably in
PCOS women the visceral fat mass is more than
BMI matched controls, because the waist-to-hip
ratio is greater in these women. Yet, the definite
cause of CRP increase in PCOS and cardiovascu-
lar diseases stays unknown.

Like other acute-phase proteins, C3 is synthe-
sized not only by liver, but also by activated mac-
rophages and adipocytes. Its hepatic production is
induced by cytokines like interleukin-1 and tumor
necrosis factor alpha, which may interfere with
insulin receptor functioning and cause insulin re-
sistance (20).
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Although serum C3 is associated with the main
endogenous cardiovascular risk factors, it has
been found to be strongly predictive of myocardi-
al infarction independently of them. Evidently,
and differently from CRP, the association of C3
with insulin resistance is not mainly mediated by
the adipose tissue (7).

Forouhi and his colleagues showed that in-
creased CRP levels independently predict the risk
of cardiovascular disease and type 2 Diabetes
Mellitus (DM) (21). However, the association and
mechanism of such an effect are not clearly de-
termined.

Today, we know that CRP is not just a marker of
low-grade chronic inflammation but can be direct-
ly associated with endothelial function disorder
and complement activation in atherogenesis.

According to this and previous studies it can be
concluded that in PCOS women, low-grade chron-
ic inflammation (Regarding to association of CRP
with PCOS and insulin resistance) is a cooperat-
ing factor in increasing the risk of Coronary Ar-
tery Disease (CAD) and DM.

In this study, we did not find a significant rela-
tion between serum C3 level and PCOS, and also
the C3 wasn’t associated with insulin resistance
(As defined according to HOMA index).

The strong association of C3 with insulin re-
sistance has already been reported in young adult
Pima Indians (5).

Besides production of C3 in the liver, like other
acute-phase proteins, C3 also synthesize by acti-
vated macrophages and adipocytes, therefore be-
having as an inflammatory cytokine and adipo-
kine. Its hepatic production is induced by primary
wave cytokines, such as interleukin-1 and tumor
necrosis factor alpha, which may interfere with
insulin receptor functioning and cause insulin re-
sistance.

However, our study had some limitations. First,
the sample size was small which makes the results
less generalizable. Second, we did not measure
visceral fat and waist-to-hip ratio which might be
a determinant of insulin resistance in cases and
controls. HOMA index is a surrogate marker of
insulin resistance. The latter would be more pre-
cisely measured by clamping techniques.

Conclusion
In conclusion, CRP and insulin resistance, sug-
gesting the inflammatory processes of the disease,
are the main factors in PCOS women; therefore,
more attention should be paid to them in treatment

of PCOS. C3 was not associated with insulin re-
sistance. More surveys needs to be done in order
to have a better look on these markers.
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