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Abstract

Objective: The syndrome of polycystic ovaries (PCOS) is a known risk factor for type 2 diabetes. It is not
known, however, whether the increase in diabetes risk is related to endocrine abnormalities associated
with PCOS such as hyperandrogenemia, or whether it is a consequence of the anthropometric or
metabolic alterations frequently observed in PCOS women.
Design: Since markers of inflammation are supposed to predict type 2 diabetes, interleukin-6 (IL-6)
and C-reactive protein (CRP) in combination with parameters of obesity, insulin resistance and hyper-
androgenism were determined in 57 PCOS women and in 20 age-matched healthy controls. In
addition, the C-174G IL-6 promoter polymorphism was analyzed as a determinant in influencing
IL-6, obesity, and androgen levels in women.
Results: Neither CRP nor IL-6 were significantly elevated in lean or obese PCOS women compared with
age-matched lean or obese controls. In PCOS patients, variables of body composition (body mass index
(BMI), waist to hip ratio, dual-energy X-ray-absorptiometry fat mass) and of insulin resistance were
correlated with IL-6 or CRP, while parameters of hyperandogenism were not. Multivariate linear
regression analysis revealed that obesity is the dominant force, thus explaining 18% and 24% of the
IL-6 or CRP levels, respectively, in PCOS women. No association of IL-6 or BMI to a certain genotype
at C-174G could be demonstrated in 50 PCOS patients. The heterozygous GC genotype, however,
was associated with lower androstendione levels. Metformin treatment of 9 obese, insulin-resistant
PCOS patients over a period of 6 months caused a significant decrease in body weight, body fat mass
and total testosterone, but showed no significant decline in IL-6 or CRP concentrations.
Conclusions: In PCOS women, plasma levels of IL-6 and CRP were not increased when compared with
age- and BMI-matched controls. BMI was, however, the parameter most strongly related to IL-6 and
CRP in PCOS; thus PCOS-related endocrine abnormalities do not appear to activate inflammatory
parameters thereby enhancing the risk of diabetes. In PCOS, the type 2 diabetes risk may, therefore,
be confined to those with obesity and/or metabolic alterations rather than affecting all women
suffering from the syndrome.
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Introduction

The polycystic ovary syndrome (PCOS), which is charac-
terized by hyperandrogenism, chronic anovulation and
infertility, is one of the most frequent endocrine disorders
in women (1 –4). In addition to the reproductive
abnormalities, a significant proportion of PCOS women
suffer from obesity, insulin resistance and features of
the metabolic syndrome (1, 2). Amelioration of meta-
bolic abnormalities, especially those related to insulin
resistance, by lifestyle or pharmacological intervention
has been shown to improve hyperandrogenism and

fertility (5–8). This indicates a close link between the
reproductive and metabolic disturbances in PCOS.

In recent years, several studies have demonstrated a
high risk for impaired glucose tolerance and type 2 dia-
betes mellitus in PCOS (9–11). It has not yet been clari-
fied whether this increase in risk is related to endocrine
abnormalities associated with PCOS per se, such as
hyperandrogenemia, or whether it is a consequence
of the anthropometric or metabolic abnormalities
frequently observed in PCOS women. In the latter
case, type 2 diabetes risk would be confined to those
women with anthropometric or metabolic alterations
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rather than affecting all women suffering from PCOS.
This knowledge would be important for individual
risk assessment and for strategies focusing on type 2
diabetes prevention in PCOS patients.

Markers of chronic subclinical inflammation such as
C-reactive protein (CRP) or interleukin-6 (IL-6) have
been shown to be independent predictors of risk for
the development of type 2 diabetes (12 –15). Consist-
ently increased CRP levels have been reported in
PCOS patients (16), supporting the hypothesis that
PCOS increases diabetes risk by activating chronic
inflammation. Circulating CRP and IL-6 concentrations
are correlated to obesity as well as to insulin resistance
(17–19), both of which are common findings in PCOS,
and IL-6 expression in adipose tissue correlates with
obesity (17). It is still not known whether these par-
ameters of chronic inflammation are primary or sec-
ondary to obesity and/or insulin resistance especially
since short term administration of IL-6 in humans
failed to impair insulin sensitivity (20). In addition,
the C-174G polymorphism within the IL-6 gene promo-
ter region, which has been shown to modify promoter
activity in vitro (21), has been linked to increased IL-6
levels and to hyperandrogenism in a small cohort of
lean females (22). Thus, IL-6 may provide a link
between anthropometric and metabolic alterations
and hyperandrogenism in PCOS.

In order to investigate a possible relationship
between IL-6, hyperandrogenemia and anthropometric
or metabolic alterations on the one hand, and to gain
further insight into the significance of PCOS related
endocrine and metabolic abnormalities for the high
risk of type 2 diabetes on the other hand, we measured
both IL-6 and CRP as parameters of chronic inflam-
mation and risk markers for type 2 diabetes, as well
as parameters of obesity, insulin resistance and hyper-
androgenism in 57 PCOS women and in 20 age-
matched healthy controls. The C-174G IL-6 promoter
polymorphism was analyzed in 50 PCOS women.

Subjects and methods

Subjects

Fifty-seven women with PCOS participated in the study
after informed consent was obtained. The diagnosis
was based on clinical symptoms, i.e. oligo- or amenor-
rhea and hirsutism, and on laboratory findings,
i.e. serum androgen levels (dehydroepiandrosterone sul-
fate (DHEAS), 17-hydroxy-progesterone (17-OH-pro-
gesterone), androstendione or testosterone) above the
upper limit of normal for the respective assay and/or
elevated luteinizing hormone/follicle-stimulating hor-
mone (LH/ FSH) ratio. Cushing’s syndrome, late-onset
21-hydroxylase deficiency, thyroid dysfunction, hyper-
prolactinemia or androgen secreting tumors were
excluded. Two patients suffered from Hashimoto’s thy-
roiditis. They were euthyroid under thyroid hormone

replacement therapy. The remaining patients were free
of other diseases and were not under medication.
Twenty age-matched healthy women were included as
controls. Diabetes due to fasting glucose, smoking and
contraceptive medication were exclusion criteria. The
characteristics of PCOS women and controls are sum-
marized in Table 1. Nine obese and insulin-resistant
PCOS women were re-evaluated after 6 months of treat-
ment with 850 mg metformin three times daily.

All of the women were studied within the first 10
days after onset of menstruation in the case of mild oli-
gomenorrhea or at random in those suffering from
severe oligo- or amenorrhea. Blood samples were
taken in the morning subsequent to an overnight
fast. Plasma was removed and stored at 220 8C until
analyzed. Insulin resistance was assessed by means of
the homeostasis model (HOMA) using the computer
program HOMA 2 provided by Dr Levy (23, 24). Body
mass index (BMI) was calculated as body weight (kg)
divided by body height squared (m2). Waist-to-hip
ratio (WHR) was calculated as waist circumference
divided by hip circumference.

Assessment of body composition

Body fat mass was assessed using whole-body scans by
dual-energy X-ray-absorptiometry (DEXA, Lunar,
Madison, WI, USA). The coefficient of variance was
determined by repeated measurements and was 2.2%
for total fat mass.

Assays

Blood glucose was measured by the glucosedehydro-
genase method on the Cobas Mira laboratory system
(Roche, Mannheim, Germany). Plasma insulin was
measured by a commercial RIA (Pharmacia, Freiburg,

Table 1 Clinical and endocrine features of PCOS patients and
healthy controls. The results are expressed as means^S.E.M.

Variable
Controls
(n ¼ 20)

PCOS
(n ¼ 57) P a

Age (years) 30.5^1.5 28.9^0.7 0.33
BMI (kg/m2) 26.0^1.3 30.3^1.0 0.037
WHR 0.79^0.01 0.80^0.01 0.37
Fasting glucose (mmol/l) 5.0^0.2 4.5^0.1 0.009
Fasting insulin (pmol/l) 56.9^6.7 88.8^7.8 0.012
HOMA (%S) 113.8^12.8 87.1^7.0 0.016
LH (mU/ml) 6.03^0.61 9.01^0.70 0.013
LH/FSH 0.97^0.09 1.80^0.17 0.002
E2 (pg/ml) 70.8^7.1 68.9^12.5 0.018
Progesterone (ng/ml) 0.93^0.13 1.45^0.44 0.64
Testosterone (ng/ml) 0.63^0.05 0.93^0.05 0.002
SHBG (nmol/l) 72.0^6.6 61.3^7.2 0.043
Androstendione (ng/ml) 1.33^0.16 2.43^0.11 ,0.001
17-OH-progesterone (ng/ml) 0.54^0.09 0.84^0.08 0.018
DHEAS (mg/ml) 2.6^0.5 2.9^0.1 0.176

a Non-parametric Mann–Whitney U test.
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Germany) with a lower limit of sensitivity of
,14 pmol/l and intra- and interassay coefficients of
variation of 5.8% and 5.8% respectively. IL-6 was deter-
mined by an ELISA (R&D Systems, Minneapolis, MN,
USA) according to the manufacturer’s instructions.
All samples were analyzed in one assay. The intra-
and interassay coefficients of variation were 12.6%
and 9.3% respectively. CRP was measured with a turbi-
dimetric test (Wako, Neuss, Germany) with the Cobas
Mira laboratory system. Again, all samples were ana-
lyzed in one assay. The intra- and interassay coefficients
of variation were 17% and 12% respectively. Serum
17-OH-progesterone was determined by RIA (Schering,
Berlin, Germany) with a lower level of sensitivity of
2 ng/100 ml and intra- and interassay coefficients of
variation of 3.2% and 3.9% respectively. Serum LH
and progesterone were measured by chemilumines-
cence immunoassays using kits obtained from Bayer
Diagnostics (Fernwald, Germany). The intra- and inter-
assay coefficients of variation were 2.9% and 2.4% for
LH and 3.7% and 3.9% for progesterone, and the mini-
mal detectable concentrations were 0.07 mU/ml (LH)
and 0.15 ng/ml (progesterone). DHEAS was assayed
by a chemiluminescence immunoassay purchased
from Nichols Institute Diagnostics (Bad Nauheim,
Germany) with a lower sensitivity of 10 ng/ml and
intra- and interassay coefficients of variation of 7.1%
and 9.0% respectively. Serum FSH was determined by
an immunoradiometric assay (BioChem ImmunoSys-
tems, Freiburg, Germany) with a lower sensitivity of
0.3 mU/ml and inter- and intra-assay coefficients of
variation of 2% and 3.1% respectively. Estradiol (E2),
testosterone and sex hormone binding globulin
(SHBG) were measured by RIA obtained from DSL (Sin-
sheim, Germany) with lower detectable concentrations
of 2.2 pg/ml, 0.08 ng/ml, and 0.4mg/ml respectively.
The respective inter- and intra-assay coefficients of vari-
ation were 2.2% and 2.7% for E2, 9.6% and 8.6% for
testosterone, and 2.2% and 4.4% for SHBG. Androsten-
dione was determined by RIA (Coulter Immunotech,
Marseille, France) with a lower sensitivity of
4 ng/100 ml and inter- and intra-assay coefficients of
variation of 5.6% and 6% respectively.

DNA extraction and genotype analysis

DNA was extracted from blood cells using Magnasep
magnetic beads (Agowa, Berlin, Germany). PCR was
performed with the upper primer 50-TAG CCT GTT
AAT CTG GTC ACT G and the lower primer 50-TAA
ATC TTT GTT GGA GGG TG at 64 8C annealing tem-
perature (2.5 mmol/l MgCl2). The single nucleotide
polymorphism (SNP) diagnostic was performed by
elongating the primer 50- AAT GTG ACG TCC TTT
AGC AT using SNuPE and following instructions and
recommendations for purification by the manufacturer
(Amersham, Piscataway, NJ, USA). Detection was
performed on a MegaBACE 1000 (Molecular Dynamics,

Sunnyvale, CA, USA) using MegaBACE SNP profiler 1.0
software.

Statistics

Statistical analyses were performed with SPSS software
(version 8.0, SPSS Inc., Chicago, IL, USA). Mean values
are reported^standard error of the mean (S.E.M.).
Significance was considered at two-tailed a ,0.05.
The non-parametric Mann–Whitney U test in the
case of two groups or the Kruskal–Wallis test for
comparison of three or more groups were used to
analyze differences in skewed continuous variables.
A paired Wilcoxon test was performed to compare
characteristics before and during metformin treatment.
Pearson correlation coefficients were used to test the
correlation between variables. Linear regression analy-
sis was performed within the PCOS cohort with ln IL-6
or ln CRP as the dependent variables. HOMA and BMI
values were ln-transformed to achieve normal distri-
bution and were fitted stepwise into the model.

Results

The characteristics of the PCOS patients are summar-
ized in Table 1. As anticipated in PCOS testosterone,
LH/FSH ratio, androstendione and 17-OH-progesterone
were significantly increased. Furthermore, women
suffering from PCOS had a higher BMI and were
more insulin resistant than the age-matched healthy
controls.

Plasma IL-6 and CRP concentrations were not found
to be significantly different between PCOS and healthy
control women (Fig. 1). Since both parameters are
known to correlate with BMI, and because BMI
showed a difference between PCOS and controls, we
dichotomized our cohort at a BMI of 25 kg/m2 to
obtain a homogenous BMI distribution between PCOS
women and controls (Table 2). The IL-6 and CRP
levels were significantly higher in the groups with
BMI .25 kg/m2 both in PCOS patients and in controls
(Fig. 2). However, between BMI-matched PCOS and
controls, neither IL-6 nor CRP were significantly differ-
ent despite higher androgen levels in the PCOS patients
(Table 2, Fig. 2). Therefore, we could find no evidence
for increased plasma IL-6 or CRP levels in women suf-
fering from PCOS.

Pearson correlations were calculated in order to
define parameters associated with plasma levels of IL-
6 and CRP in PCOS. There was a highly significant
positive correlation between plasma levels of IL-6 and
CRP (r ¼ 0701; P , 0.001) suggesting a close link
between the two risk markers. As depicted in Fig. 3,
IL-6 and CRP significantly correlated with parameters
of obesity and insulin resistance (BMI, WHR, DEXA
fat mass and HOMA). There was, however, no corre-
lation of IL-6 or CRP to parameters of PCOS such as
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testosterone, androstendione, 17-OH-progesterone,
DHEAS, LH or the LH/FSH ratio (data not shown).
This indicates that obesity and metabolic alterations
rather than endocrine changes associated with PCOS
have an impact on markers of chronic inflammation
in PCOS women.

Linear regression models were calculated in order to
further investigate whether obesity (BMI) and/or insu-
lin resistance (HOMA) determine markers of chronic
inflammation in PCOS. Insulin resistance (HOMA) lost
its significant association to IL-6 and CRP after
inclusion of BMI into the model, while BMI remained
significantly linked to both IL-6 and CRP. In the case
of IL-6 the model including HOMA and BMI showed
an adjusted R2 of 0.18. The beta coefficient for BMI

was 1.28 (P ¼ 0.02) and 20.04 (P ¼ 0.9) for
HOMA. Regarding the model with CRP as the depen-
dent variable, the adjusted R2 was 0.24 with a beta
coefficient of 2.57 (P ¼ 0.01) for BMI and of 20.13
(P ¼ 0.76) for HOMA. Therefore, obesity appears to
be the dominant force determining IL-6 and CRP
values in PCOS women. Both models for BMI alone,
however, explained only a small part of the variability
of plasma IL-6 (18%) and CRP (24%). Therefore,
additional factors controlling IL-6 and CRP concen-
trations must be assumed. These parameters, however,
are different from the classical PCOS-associated endo-
crine factors such as hyperandrogenemia.

The IL-6 promoter polymorphism C-174G has been
associated with altered IL-6 levels, obesity and hyper-
androgenemia (22, 25–27). In a cohort of 50 PCOS
women no association of IL-6 levels or markers of obes-
ity to a certain genotype at C-174G could be demon-
strated (Table 3). This argues against a major impact
of the C-174G IL-6 promoter polymorphism on IL-6
levels and obesity in PCOS patients. The heterozygous
GC genotype was associated with statistically signifi-
cant lower androstendione levels and with a tendency
to lower testosterone concentrations (Table 3). There
was, however, no association to either the -174 G or
C allele.

Nine obese and insulin-resistant PCOS patients were
treated with metformin. After 6 months therapy the
women became less obese (BMI: 29.6^1.0 kg/m2 vs
31.6^1.25 kg/m2, P ¼ 0.025; DEXA fat (total):
34 376^1964 g vs 39 444^2542 g, P ¼ 0.028) and
testosterone levels significantly decreased (0.75^
0.70 ng/ml vs 1.05^0.13 ng/ml, P ¼ 0.032). Insulin
sensitivity improved, but the increase in HOMA% (S)
failed to reach significance (83^8% (S) vs 69^9%
(S); P ¼ 0.14). IL-6 concentrations remained largely
unchanged (1.72^0.30 pg/ml vs 1.91^0.31 pg/ml;
P ¼ 0.515) and CRP levels tended to drop after
6 months of metformin treatment, although the
change was not significant (1.92^0.29 mg/l vs
3.34^0.82 mg/l; P ¼ 0.086).

Table 2 Clinical and endocrine features of PCOS patients and healthy controls dichotomized by BMI. The results are expressed as
means^S.E.M.

BMI < 25 kg/m2 BMI $ 25 kg/m2

Variable Controls (n ¼ 11) PCOS (n ¼ 16) Controls (n ¼ 9) PCOS (n ¼ 41)

Age (years) 29.4^1.9 28.8^1.5 32.0^2.3 28.9^0.8
BMI (kg/m2) 21.6^0.5 21.5^0.5 31.3^1.2 33.7^1.0
WHR 0.77^0.01 0.75^0.01 0.82^0.03 0.83^0.01
HOMA (%S) 133.6^19.3 132.6^15.1 89.4^12.5 69.3^5.9
Testosterone (ng/ml) 0.56^0.06 0.73^0.07 0.71^0.07 1.00^0.06*
Androstendione (ng/ml) 0.99^0.11 2.31^0.20*** 1.53^0.22 2.48^0.13**
17-OH-progesterone (ng/ml) 0.44^0.05 0.77^0.11* 0.61^0.15 0.86^0.11
DHEAS (mg/ml) 2.43^0.43 2.84^0.35 2.70^0.8 2.88^0.22
LH (mU/ml) 5.66^0.65 10.05^1.55* 6.02^1.15 8.60^0.78
LH/FSH 0.98^0.14 1.85^0.29* 0.95^0.14 1.77^0.21*

*P , 0.05; **P , 0.01; ***P , 0.001 PCOS compared with controls (non-parametric Mann–Whitney U test).

Figure 1 (a) IL-6 and (b) CRP plasma concentrations in 57 PCOS
patients and 20 age-matched healthy controls. Results are
expressed as means^S.E.M.
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Discussion

PCOS is one of the most frequent endocrine disorders in
women, with an estimated prevalence of 5 –10% of the
reproductive-age female population (1 –4). PCOS is a
complex and heterogenous disorder and there is a
debate as to whether it represents a single or several
disorders with a common phenotype. A substantial
subgroup of PCOS patients are obese and/or insulin
resistant, and in these individuals hyperinsulinemia
may play a major pathogenetic role in PCOS-associated
hyperandrogenemia indicating a close link between the
reproductive and metabolic disturbances (1, 2). Several
studies suggested an increased risk for developing

impaired glucose tolerance and type 2 diabetes mellitus
in patients with PCOS (9–11). It is, however, not
known whether this increase in risk is related to endo-
crine abnormalities associated with PCOS per se, such
as hyperandrogenemia, or whether it is a consequence
of the anthropometric or metabolic alterations observed
in some, but not in all, women with PCOS.

The development of type 2 diabetes has been linked
to chronic inflammation in recent years and markers
of activated inflammatory processes like IL-6 and CRP
have been shown to predict the risk of type 2 diabetes
(12 –15). In our cohort of 57 PCOS women and 20
healthy age-matched controls no significant differences
in plasma IL-6 or CRP levels could be demonstrated.
This was also the case after the cohort was dichoto-
mized at a BMI of 25 kg/m2 to obtain a comparable
mean BMI in PCOS patients and controls. This is in
line with a report demonstrating the same IL-6 levels
in 85 patients with hyperandrogenism and in 25
healthy controls (22), but is in contrast to another
study describing elevated CRP levels in a cohort of 17
PCOS women compared with 15 controls (16). Our
data, however, do not support the hypothesis that
PCOS per se activates low grade chronic inflammation
thereby increasing a priori the risk for the development
of type 2 diabetes mellitus. This view is further sup-
ported by the fact that none of the endocrine markers
of PCOS correlated with plasma IL-6 or CRP
concentrations.

Plasma IL-6 and CRP levels were significantly
increased in both obese PCOS and obese control
women as compared with their lean counterparts, and
both parameters correlated with markers of obesity
and insulin resistance in the PCOS cohort. Linear
regression models, however, revealed that BMI rather
than insulin resistance as indicated by HOMA is the
dominant parameter determining IL-6 and CRP values
in PCOS, which is consistent with a recent report from
a cohort of premenopausal women (28). Since the
models explain less than 30% of the variability of
plasma IL-6 and CRP, additional factors controlling IL-
6 and CRP concentrations in PCOS must be assumed,
which are, however, distinct from PCOS-associated
endocrine factors such as hyperandrogenemia because
none of the parameters of hyperandrogenism correlated
with IL-6 or CRP.

One such factor might be the C-174G polymorphism
within the IL-6 gene promoter region, which has been
suggested to modify promoter activity in vitro (21).
The C-174G polymorphism has also been associated in
some but not all studies with increased IL-6 levels, insu-
lin resistance, resting energy expenditure, obesity and
hyperandrogenism (22, 25, 26, 29, 30). In our cohort
of 50 PCOS patients, neither IL-6 levels nor markers of
obesity were linked to a certain genotype at C-174G,
which argues against a major impact of the C-174G
IL-6 promoter polymorphism on IL-6 levels and obesity
in PCOS patients. The heterozygous GC genotype,

Figure 2 (a) IL-6 and (b) CRP plasma concentrations in PCOS
patients and age-matched healthy controls dichotomized by BMI.
Results are expressed as means^S.E.M. *P , 0.05 vs the
respective control or PCOS group with BMI , 25 kg/m2.
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Figure 3 Pearson correlations between IL-6 or CRP and BMI, WHR, DEXA fat mass and HOMA.
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however, was associated with lower androstendione and
a tendency to lower testosterone levels rather than to
hyperandrogenemia. This is in contrast to the findings
reported from 25 healthy women, whereby a significant
association of the -174G allele with elevated 17-OH-pro-
gesterone levels but no links to androstendione or testos-
terone was shown (22). Whether this discrepancy can
be explained by differences between PCOS patients and
normal healthy women cannot be ascertained because
of the relatively small sizes of both study cohorts.
Since there were no differences in the circulating IL-6
levels in our cohort of PCOS patients, local IL-6 pro-
duction, which is known to be expressed in the ovaries
(31, 32), might be affected by the GC genotype by
other, as yet unknown, mechanisms, which in turn
might lead to decreased ovarian androgen secretion.
Further studies, however, are required to elucidate the
precise role of the C-174G IL-6 promotor polymorphism
on androgen production in PCOS.

Metformin treatment in patients with PCOS resulted
in a significant weight loss and reduction of total fat
mass and caused a decrease of total testosterone levels
as reported (6). Plasma IL-6 and CRP, however, did
not change significantly although the decrease in CRP
concentrations just failed to reach significance. Again,
this does not support a direct link between hyperandro-
genemia and low grade chronic inflammatory processes
in PCOS. A decrease in BMI by 5.2 kg/m2 has been
shown to significantly reduce IL-6 and CRP levels by
about 33% (33). In the linear regression models BMI,
which was proposed as the dominant force, determined
only 18 to 24% of the variability of IL-6 or CRP respect-
ively. Therefore, one explanation for the lack of signifi-
cant changes in plasma IL-6 and CRP, despite
significant weight loss, could be that the extent to
which BMI and fat mass improved was not sufficient
enough to cause a significant decrease in the inflamma-
tory parameters. Furthermore, metformin treatment
does not appear to exert additional or favorable effects
on IL-6 and CRP levels.

In summary, in the group of PCOS women, plasma
levels of IL-6 and CRP were not increased when

compared with age- and BMI-matched controls. BMI
was the parameter most strongly associated with IL-6
and CRP in PCOS. Thus, PCOS-related endocrine
abnormalities do not appear to further enhance the
type 2 diabetes risk level, which is primarily set by obes-
ity and metabolic alterations. The type 2 diabetes risk
may therefore be confined to those with obesity
and/or metabolic alterations rather than affecting all
women suffering from the syndrome. Further prospec-
tive studies, however, are needed to prove this con-
clusion which has been based on risk markers that
can only serve as surrogate parameters.
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