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Chronic Inflammation in Women with Polycystic Ovarian Syndrome

Isik USTUNER', Murat SONMEZER', Cem ATABEKOGLU', Ahmet ERGUN?, Sevim GULL(’, Rusen AYTAC'

Ankara-Turkey

OBJECTIVE: Our aim was to assess whether C-reactive protein (CRP) which is not only a marker of
inflammation but a strong predictor of atherosclerosis and coronary heart disease was increased
among women with polycystic ovary syndrome (PCOS).

STUDY DESIGN This cross-sectional study was carried out on 18 women with PCOS and 20 healthy
subjects matched for body mass index (BMI) and age. Androgenic hormones, anthropometric measu-
rements, metabolic parameters and serum CRP levels were assessed. Further analysis whether there
was a correlation between CRP and other parameters was carried out in the PCOS group as well.
RESULTS: The androgenic hormones total testosterone (54.51+13.58vs. 25.0+14.82 ng/dL, p<0.001),
and androstenedione (3.7+1.1 vs. 2.78+1.19 ng/dL, p=0.049) were higher in the study group than in
control subjects. Dehydroepiandrostenedione suffate (DHEAS) (191.66+68.79 vs. 179.85+86.32
mg/dL), fasting insulin (15.1+4.1 vs. 14.5+1.7ylu/mL) and postprandial glucose (105+12.7 mg/dL vs.
97.4+10.8 mg/dL) were similar. Fasting glucose was higher in the study group compared to controls
(96.1+7.9 vs. 86.6+8.9 mg/dL, p=0.007). Mean CRP levels were higher in patients with PCOS than in
healthy controls (1.40+0.98 mg/dL and 0.88+0.39 mg/dL respectively, p<0.001). Regression analysis
rev ealed no correlation between CRP and other factors studied, except for a positive relationship that
existed with BMI (r=0.286, p=0.045).

CONCLUSION: PCOS patients have increased levels of inflamation marker CRP which may also sig-
nal the tendency to develop cardiovascular disease in addition to established risk factors among PCOS

patients.
(Gynecol Obstet Reprod Med 2006; 12:180-185)
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The polycystic ovary syndrome (PCOS) is among one of
the most common reproductive endocrine disorders, affec-
ting approximately 5-10% of the female popul ation." It is a
heterogeneous clinical condition, characterized by hirsutism,
irregular menstrual cycles, infertility, and endocrine abnor-
malities such as hyperandrogenism and inappropriate luteini-
zing hormone (LH) secretion. Moreover, a considerabl e per-
centage of women with PCOS have insulin resistance and
compensatory hyperinsulinaemia.2 PCOS is associated not
only with primary dysfunction of ovarian steroidogenesis,
but also insulin postreceptor binding defects.*

Women with PCOS have multiple risk factors for diabe-
tes such as obesity, a family history of type 2 diabetes, and
abnormalities in insulin action including insulin resistance
and beta-cell dysfunction. There is now clear evidence that
women with PCOS are also at increased risk for developing
type 2 diabetes.” Insulin-resistant states are associated with
greater susceptibility to coronary heart disease, and women
with PCOS have evidence of dyslipidemia and abnormal
vascular function.®” There are several lines ofevidence sug-
gesting that women with PCOS are at increased risk ofcar-

'Department of Obstetrics & Gynecology, * Department of Physiology,
*Department of Endocrinology and Metabolic Diseases, Ankara

University School of Medicine Ankara, Turkey
Address of Corresponden ce Isik Ustiiner

flkyerlesim mahallesi, koklii 1
sitesi, 453 Sokak, No:44

Submitted for Publication: 11.12.2006

Accepted for Publication: 18.12.2006
180

diovascular disease, and may have increased risk for myo-
cardial infarction up to 7.4-Blds.

Inflammatory process appears to play a crucial role in the
pathogenesis of atherosclerotic process and cardiovascular
disease. Inflammation is an important contributor to at-
herothrombosis. It mediates the initial stages of atheroma
development including leukocyte recruitment and eventual
rupture ofthe unstable atheroscl erotic plaqu e 10 Low-grade
chronic inflammation is associated with insulin resistance
and type II diabetes mellitus' and is a risk factor for the de-
velopment of coronary heart disease.'*" C-reactive protein
(CRP), a hepatically-derived acute phase reactant protein, is
a marker fr inflammation.'* Chronic low-grade systemic in-
flammation, usually a persistent but more subtle than acute
phase inflammatory response, can be measured by circula-
ting CRP which may also have direct pro-inflammatory ac-
tions. CRP may reflect the response ofthe body to inflam-
matory reactions in atherosclerotic vessels or myocardium.
CRP may have a direct role in atherogenesis via adhesion
molecule expression, complement activation, and mediation
of low density lipoprotein (LDL) uptake by macrophages.”
Recent data suggest that CRP is also produced in the athe-
rosclerotic lesions" and it has been shown to predict myo-
cardial infarction, death due to coronary artery disease, stro-
ke, peripheral arterial disease and sudden death.'®

A recent interest is focused on PCOS regarding the mar-
kers of inflammation and their contribution to the increased
risk of cardiovascular disease however current data is scarce
on this subject. In the present study we aimed to assess the
level o f CRP concentrations in patients with PCOS in order



to show whether CRP a marker ofinflammation is increased
in patients with PCOS or not.

Materials and methods

This cross-sectional study was carried out in the Depart-
ment of Obstetrics and Gynecology of the Ankara Univer-
sity. Eighteen women diagnosed with PCOS (study group),
and 20 healthy volunteer women matched for age and body
mass index (BMI) (control group) were enrolled in this
study. The diagnosis of PCOS was based on the positive fin-
dings of hyperandrogenism, anovulation, elevated serum lu-
teinizing hormone (LH) concentrations or LH/FSH ratio, in-
creased concentrations of serum testosterone, androstenedio-
ne and dehydroepiandrostenedione sulfate (DHEAS), ultra-
sound evidence of bilateral enlarged polycystic ovaries and
the absence of ovarian or adrenal neoplasm or Cushing's
syndrome. Although patient recruitment began before the es-
tablishment of Rotterdam criteria, in the final analysis each
patient with PCOS in the study met diagnostic criteria for
PCOS based on the Rotterdam criteria.'’ Anovulation was
defined as the presence of amenorrhea or oligomenorrhea
(cycle length >35 days) and the absence ofovarian follicular
activity on serial ultrasound scans. Patients who had used
oral contraceptives, any hormonal, antidiabetic or ant-
iobesity drugs within the last 3 months, those with hyperpr-
olactinaemia (serum prolactin concentrations >20 pg/L on
two different occasions), thyroid dys function, or hypertensi-
on and current smokers were excluded. None ofthe patients
had evidence ofacute or chronic infection at the time ofrec-
ruitment, which was assessed by history, physical examinati-
on and white blood cell count. All ofthe women in the cont-
rol group had a regular menstrual cycle, ranging between 26
and 30 days. The normal ovulatory state of healthy subjects
was confirmed by measuring serum progesterone concentra-
tion in the luteal phase. A luteal progesterone level
>10ng/ml was considered the criteria for ovulation to have
occurred.

Anthropometric measurements included waist/hip ratio
(WHR) (waist circum ference recorded at the narrowest point
divided by hip circumference at the level ofthe greater troc-
hanter), and BMI (kilograms per meter squared). The score
for hirsutism was determined according to the original met-
hod described by Ferriman and Gallwey.18

A 300 g carbohydrate diet of3-day was given to all pati-
ents before blood samples were taken. The hormonal and
metabolic assessments were made between days 2 and 5 o f
the menstrual cycle and if the patients were amenorrheic,
uterine bleeding were induced by the intake ofm edroxypro-
gesterone acetate (Farlutal 5 mg; Pharmacia, Istanbul, Tur-
key) (10 mgx 10 days). Affer an overnight fast, blood samp-
les were drawn from the antecubital vein for determination
of blood glucose and insulin. Serum was stored at —20°C
until analyzed. Blood samples were also drawn for luteini-
zing hormone (LH), fllicle stimulating hormone (FSH), est-
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radiol (E2), dehydroepiandrosterone sulphate (DHEA-S), to-
tal testosterone, androstenedione and C-reactive protein
(CRP). All samples were obtained between 08 A.M. and 10
A.M. Afier 2 hour of a 75 g oral glucose tolerance test
(OGTT), postprandial serum glucose concentration was
measured. The study was performed with the approval ofthe
Institutional Ethical Committee of the School of Medicine.
Written consent for participation was obtained after the
design and aim of'the study was explained to all participants.

Assays

FSH, LH, estradiol, androstenedione, total testosterone,
DHEA-S and insulin levels were measured using chemilu-
miescent enzyme immunoassay (Immulite Automated
Analyzer and commercial kits, DPC-Diagnostic Products
Corporation, Los Angeles, USA). Blood glucose was mea-
sured by hexokinase method (Olympus AU 600 autoanaly-
zer, NY, USA) Serum concentrations of CRP were measured
by rate immunonephelometry using automated instrumenta-
tion (Automated Immunochemistry System, Beckman
Instruments Inc, Fullerton, CA). The level of detection was
0.4 mg/dL.

Statistical analysis

Statistical analysis was performed using Statistical
Package for Social Sciences (Windows version 11.0, SPSS
Inc, Chicago, IL) program. Differences between patients
with PCOS and controls were analyzed using Student’s t-test
and Mann-Whitney U test, where applicable. Correlation
between CRP and age, BMI, WHR, fasting glucose, fasting
insulin, total testosterone, DHEAS, and androstenedione we-
re assessed by linear regression analysis. P<0.05 was consi-
dered statistically significant.

Results

The clinical and hormonal profile of PCOS and control
groups are shown in Table 1. The mean age (29.7+5.8 vs.
29.944.75), mean BMI (25.68+4.12 vs. 24.4242.48) and
WHR (0.81+0.06 vs. 0.76+0.06) were similar between the
study and control group. The clinical hirsutism score as-
sessed by Ferriman and Gallwey was significantly higher
in patients with PCOS compared to control patients (11.2-
+2.2 vs. 6.9£1.52, p<0.001). LH/FSH ratio (1.8240.43 vs.
0.8940.57, p=0.001), mean serum levels of total testoste-
rone (54.51+£13.58 vs. 25.0+14.82 ng/dL, p<0.001), and
androstenedione (3.7+1.1 vs. 2.78+1.19 ng/dL, p=0.049)
were higher in the study group than in the control group.
No difference was found in the mean levels of DHEAS
between the study and control group (191.66+68.79 vs.
179.85+86.32) (Table 1).

Mean fasting glucose was significantly higher in patients
with PCOS compared to controls (96.1+7.9 mg/dL and
86.6+8.9 mg/dL respectively, p=0.007), but no difference
was observed in fasting insulin (15.144.1 vs.14.541.7
plu/mL) and postprandial blood glucose levels (105+12.7
vs. 97.4410.8 mg/dL) between the groups. Mean C-reactive
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Tablel. Anthropometric measurements, endocrine profile, metabolic parameters and CRP levels in patients with PCOS and healthy subjects.

PCOS

Control group

Variable P value
(n=18) (n=20)

Age (yr) 29.7+5.8 29.90+4.75 NS
BMI (kg/mz) 25.681+4.12 24.42+2 .48 NS
WHR 0.81+0.06 0.76+0.06 NS
Hirsutism score 11.2+2.2 6.9+1.52 <0.001
LH (mlIU/mL) 10.98+2.68 4.28+1.54 0.001
FSH (mIU/mL) 6.08+0.9 5.41+1.44 NS
LH/FSH ratio 1.8240.43 0.89+0.57 0.001
Estradiol (pg/mL) 51.6+22.6 60.8+29.8 NS
Total testosterone (ng/dL) 54.51+13.58 25.0+14.82 <0.001
DHEAS (ug/dL) 191.66+68.79 179.85+86.32 NS
Androstenedione (ng/mL) 3.7¢1.1 2.78+1.19 0.049
Fasting insulin (ulwWmL) 15.1+4.1 14.5+1.7 NS
Fasting glucose (mg/dL) 96.1+7.9 86.618.9 0.007
Postprandial glucose (mg/dL) 105+£12.7 97.41£10.8 NS
CRP (mg/dL) 1.4040.98 0.88+0.39 <0.001

All values are given as mean + SD
NS = nat significant

BMI: Body mass index, WHR: waist/hip ratio, LH: Iuteinizing hormone, FSH: follicle stimulating hormone, DHEAS:
dehy droepiandrosterone sulphate, CRP: C-reactive protein, PCOS: polycystic ovarian syndrome.

protein level was found to be significantly higher in patients
with PCOS compared to control subjects (1.40+0.98 and
0.8840.39 mg/dL respectively, p<0.001).

In the PCOS group, we further analyzed whether a corre-
lation exists between CRP and age, BMI, WHR, fasting
glucose and insulin, postprandial glucose and endocrine
parameters including androstenedione, DHEAS, and total
testosterone. No correlation was found between CRP and
any of the parameters studied, apart from a positive
relationship that existed with BMI (=0.286, p=0.045).

Discussion

Women with PCOS have a wide range ofcardiovas cular
risk factors such as obesity, lipid abnormalities, impaired
glucose tolerance, and hypertension. More recently increa-
sed CRP level has also added to this list."” '

Data suggests that atherothrombosis is not only a simple
lipid accumulation but associated with chronic inflammatory
process as well. Elevated CRP levels have been generally
considered non-specific but sensitive markers of the acute
inflammatory response.9 Rather than being simply a marker
of inflammation, involvement with the atherogenic process
by promoting endothelial dysfunction and complement acti-
vation is also suggested.zz’23 A number of epidemiological
studies have shown that the acute-phase reactant CRP is an
important risk factor for atherosclerosis and coronary heart
disease.”** Among many inflammation markers such as se-
rum amyloid A, interleukin-6, soluble intercellular adhesion
molecule type 1, and homocysteine, high-sensitivity C-reac-

tive protein (hs-CRP) was demonstrated as the strongest uni-
variant predictor of death from coronary heart disease, non-
fatal myocardial infarction or stroke, or the need for coro-
nary-revas cularization procedures.12 Patients with PCOS are
also at increased risk for developing type 2 diabetes.'’ Re-
cently, it has been repeatedly demonstrated that increased
CRP level is an independent risk factor predicting develop-
ment of type II diabetes. Consistently elevated CRP levels in
PCOS might in part be responsible for the increase in the

risk of diabetes through an inflammatory process.ZS’26

Women with PCOS are also at increased risk for subcli-
nical atherosclerotic disease as demonstrated by thicker ca-
rotid intima media thickness (IMT) and higher levels of co-
ronary calcifi cations.”?™®* Talbott and associates evaluated
subclinical atherosclerosis among women with PCOS and
age-matched control subjects, and demonstrated that PCOS
remained an independent risk factor of IMT even afier ad-
justment for BMIL. * In another study, the same authors found
that PCOS was associated with IMT independent ofinsulin
and visceral fat.”” In their study, CRP levels were signifi-
cantly higher in PCOS than in control subjects, however the
association between PCOS and IMT was independent o f
CRP, which was primarily driven by BML

Kelly et al. conducted a prospective study on 17 women
with PCOS and 15 healthy women matched as a group for
body mass index to evaluate low grade chronic inflammation
in PCOS.” Women with PCOS had significantly elevated
CRP concentrations relative to controls (2.12 and 0.67 mg/L,
respectively; P=0.016). Similarly Boulman et al. demonstra-



ted higher CRP levels in a large group of PCOS patients
(n=116) than in a similar control group (n:94).30 None of
the patients had any sign of chronic inflammation, and they
suggested that the presence oflow grade chronic subclinical
inflammatory process might explain the mechanism ofathe-
rosclerosis in some of the patients with PCOS. In another
study Tarkun et al. showed low-grade chronic inflammation
in PCOS is indicated by the presence of several elevated
markers such as CRP levels®' Ustiin et al conducted a study
on 30 women with PCOS, 30 women with PCO (women in
this group had regular, spontaneous ovulatory menstrual
cycles, no clinical or biochemical evidence of PCOS, and a
baseline transvaginal ultrasound scan showing polycystic
ovaries), and 30 healthy women matched as a group for
body mass index to evaluate low grade chronic inflammation
in PCOS.” Serum CRP levels were significantly higher in
the women with PCOS and PCO than in controls, whereas
no difference was found between PCOS and PCO women
with regard to CRP.

Conflicting with these studies Mohlig et al. concluded
that, plasma CRP levels were not increased in patients with
PCOS when compared with age- and BMI-matched cont-
rols.? They found BMI as the parameter most strongly related
to CRP concentrations in PCOS and control subjects. Mo-
reover they demonstrated a close correlation between CRP
and insulin resistance, but not with any of the endocrine
factors in these patients, and suggested that obesity and me-
tabolic alterations were the main factors that significantly im-
pact chronic inflammation. In line with this, a decrease in
BMI in obese women was shown linked to decreased CRP le-
vels.>* Bickerton et al. fund no diffrences in endothelial
function between women with polycystic ovary syndrome
(n=11) and age and weight matched controls (n=12) by stan-
dard venous occlusion plethysmography technique to measure
reactive hyperaemic forearm blood flow.> Also they revealed
no significant differences in glucose, lipid, or lipoprotein
concentrations between the two groups and none of the novel
biochemical markers (CRP, sialic acid, fibrinogen, ho-
mocysteine) of cardiovascular risk was raised in PCOS group.

Two previous studies have examined endothelial
function in PCOS. Mather et al, using brachial artery ultra-
sound, found no evidence of endothelial dysfunction in
healthy women with PCOS compared with age but not
weight matched controls.™® Conversely, Paradisi et al, using
leg blood flow responses to the vasodilator methacholine ch-
loride, compared age and weight matched controls with obe-
se patients with PCOS 7 They were able to demonstrate en-
dothelial dysfunction in the patients with PCOS compared
with the control group. Nasiek et al demonstrated statisti-
cally significantly higher CRP concentration in females with
PCOS compared to healthy individuals in BMI<25 and
BMI>25 subgroups.38

In the present study, we found a significant difference
with respect to CRP levels between the study and control
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groups matched for age and BMIL We suggest that the
presence of low grade chronic inflammation as reflected by
increased CRP concentration may contribute to the increased
risk ofatherosclerosis and cardiovascular disease in women
with PCOS, in addition to known risk factors such as insulin
resistance, hypertension, central obesity, and dyslipidemia.
Even though CRP is an acute phase reactant we believe the
ongoing but subdued acute inflammmation associated with
PCOS causes the elevation.

Importantly, the study and control groups were similar
with respect to anthropometrical measurements including
BMI, WHR and age. As consistently demonstrated we found
a positive correlation between CRP and BMI, however no
correlation observed between CRP and any of the other
parameters including WHR, androgens, fasting insulin and
glucose, and postprandial glucose.

The small numbers of the study may indicate lack of
power and thus possible associations of CRP with other
hormonal parameters could not have become evident. This is
a limitation of the study.

Another limitation may be the use of the routine automa-
ted procedure to measure CPR instead of high sensitive hs-
CRP method. However we believe this does not change the
results of our study because even with a relatively non sensi-
tive system like routine automated CRP measurement we
found a significant difference in CRP levels of PCOS pati-
ents as compared control group.

In summary, CRP is a marker of inflammation that
shows a significant correlation with BMI. PCOS might con-
fer a state oflow grade chronic inflammation. CRP may be
an ideal marker for screening of apparently healthy young
PCOS patients to predict cardiovas cular morbidity and mor-
tality. We need large scale prospective randomized studies
to make a clearer conclusion regarding the association bet-
ween PCOS and chronic inflammation.
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