
Abstract

Aims/Hypothesis. Increased serum inflammatory mark-
ers have been found in obesity and insulin-resistant
states, and could play a causative role in insulin resis-
tance, atherosclerosis and cardiovascular disease. The
polycystic ovary syndrome represents a human model
of insulin resistance because both lean and obese poly-
cystic ovary syndrome patients are insulin-resistant
compared with non-hyperandrogenic women. We eval-
uated whether obesity, insulin resistance, or both, are
related to the increased concentrations of inflammatory
markers in pre-menopausal women.
Methods. We compared 35 patients with polycystic ova-
ry syndrome and 28 healthy women, paired for BMI,
prevalence of obesity and smoking. Measurements in-
cluded serum inflammatory markers, BMI, waist-to-hip
ratio, blood pressure, serum glucose, insulin, lipid and
hormone concentrations, and insulin sensitivity index.
Results. The insulin sensitivity index was reduced in
polycystic ovary syndrome patients compared with

controls. However, no differences were observed be-
tween both groups in C-reactive protein, interleukin 6,
tumour necrosis factor-α, soluble type 2 tumour necro-
sis factor receptor, and soluble intercellular cell adhe-
sion molecule-1. When considering patients and con-
trols as a whole, C-reactive protein and interleukin 6,
were increased in obese subjects compared with lean
women. Inverse correlations existed between insulin
sensitivity index and C-reactive protein, interleukin 6,
tumour necrosis factor-α, soluble type 2 tumour necro-
sis factor receptor, and soluble intercellular cell adhe-
sion molecule-1. Only the weak correlation with C-re-
active protein persisted after controlling for BMI.
Conclusion/interpretation Obesity, and not insulin re-
sistance, is the major determinant of serum inflamma-
tory cardiovascular risk markers in pre-menopausal
women. [Diabetologia (2003) 46:625–633]
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Insulin resistance is defined by the decreased ability
of insulin to stimulate glucose disposal into target tis-
sues, resulting in a compensatory increase in circulat-
ing insulin concentrations [1]. Insulin resistance is in-
volved in the pathogenesis of several disorders, such
as Type 2 diabetes, central obesity, arterial hyperten-
sion, and atherosclerosis, finally resulting in cardio-
vascular disease. These disorders are frequently
termed the metabolic syndrome.

Chronic inflammation could also be involved in the
development of the metabolic syndrome and cardio-
vascular disease [2], and serum markers of chronic in-
flammation and insulin resistance are increasingly be-
ing considered as cardiovascular risk factors. Together
with impaired glucose tolerance, dyslipidaemia, hy-



perhomocysteinaemia, increased coagulation and im-
paired fibrinolysis, and increased circulating concen-
trations of cell adhesion molecules and markers of 
endothelial dysfunction [2], inflammatory markers
cluster in patients with cardiovascular disease, sug-
gesting a role in the pathogenesis of atherosclerosis.

Clustering of these markers partly explains the fre-
quent finding of correlations between measures of in-
sulin resistance and markers of inflammation and en-
dothelial dysfunction. Among others, inverse correla-
tions have been reported between indexes of insulin
sensitivity and circulating concentrations of TNF-α
[3], soluble type 2 tumour necrosis factor receptor
(sTNFR2) [4], IL-6 [5], C-reactive protein (CRP) [5],
and soluble intercellular cell adhesion molecule-1 
(sICAM-1) [5].

The adipose tissue plays a central role in the rela-
tionship between cytokines and insulin resistance. The
expression of TNF-α and TNFR2 in adipose tissue is
increased in obesity [6, 7]. TNF-α expression corre-
lates with indexes of insulin resistance, and decreases
with weight loss in parallel with the improvement in
insulin sensitivity [6]. Similar results have been re-
ported for IL-6 [8]. Moreover, inflammatory cytokines
might induce insulin resistance by direct actions on in-
sulin-signalling postreceptor molecules [9] or by in-
ducing central obesity through activation of the hypo-
thalamic-pituitary-adrenal axis [10].

As obesity induces insulin resistance, and inflam-
matory cytokines are secreted by adipose tissue [6, 8],
it is difficult to evaluate if the relationship between se-
rum markers of inflammation and insulin resistance
results from a pathophysiological link, or is merely re-
flecting the stronger relationship between obesity and
insulin resistance.

The polycystic ovary syndrome (PCOS), as defined
by the presence of hyperandrogenic oligo-ovulation
[11], can be considered a human model of insulin resis-
tance. Both lean and obese women with PCOS are insu-
lin resistant when compared with their non-hyperandro-
genic counterparts [12]. As PCOS patients are usually
diagnosed before the onset of the other components of
the metabolic syndrome and of atherosclerosis and car-
diovascular disease—which could have acted as con-
founding factors in previous studies—PCOS offers a
unique model to study the relationship between serum
markers of inflammation, insulin resistance and obesity.

In this study, we have examined the circulating
concentrations of serum markers of inflammation in a
well-defined group of pre-menopausal women with
PCOS compared with healthy controls, focusing on
their relationship to insulin resistance and obesity.

Subjects, materials and methods

Subjects. Thirty-five consecutive patients diagnosed with
PCOS (BMI 31.8±9.2 kg/m2, age 24.9±7.4 years) and 28 

non-hyperandrogenic women (BMI 30.6±8.0 kg/m2, age 31.7±
8.0 years) were included in the study. The PCOS and control
groups were matched primarily for BMI, and secondarily for
prevalence of obesity and prevalence of smokers. The control
group included women submitted to one of the authors for
treatment of obesity, and healthy lean volunteers. None of the
control subjects had signs or symptoms of hyperandrogenism,
menstrual dysfunction, or a history of infertility.

The diagnosis of PCOS was based on endocrine criteria
[11]. All the patients had oligo-ovulation as indicated by olig-
omenorrhoea or amenorrhoea, or regular menstrual cycles with
serum progesterone below 12.7 nmol/l between days 22 to 24
of the menstrual cycle. Menstrual calendars and basal body
temperature charts served to confirm oligo-ovulation as need-
ed. In addition, patients had hirsutism, as defined by a modi-
fied Ferriman-Gallwey score above 7 [13], acne, alopecia
and/or increased circulating total or free testosterone, andro-
stenedione or dehydroepiandrosterone-sulfate (DHEAS) con-
centrations. Finally, hyperprolactinaemia, androgen secreting
tumours, and congenital adrenal hyperplasia were ruled out in
all the patients.

Fasting glucose concentrations were below 6.11 mmol/l and
BP was below 140/90 mm Hg, in all the participants with the
exception of two PCOS patients who had undiagnosed and un-
treated hypertension. All the subjects were Caucasian and had
not taken hormonal medications, including contraceptive pills,
for the last six months. Data from some of the patients and
control subjects regarding the molecular genetic mechanisms
leading to hyperandrogenism have been published previously
[14, 15, 16].

The ethics committee of the Hospital Ramón y Cajal ap-
proved the study, and informed consent was obtained from all
participants.

Protocol. Clinical and anthropometric variables, including hir-
sutism score, BMI, WHR and BP were evaluated by a single
investigator in all the subjects.

Samples were obtained between days 5 and 10 of the men-
strual cycle, or during amenorrhoea after excluding pregnancy.
After a 3-day 300 g carbohydrate diet and 12-h overnight fast-
ing, samples were obtained for the measurement of serum
CRP, IL-6, TNF-α, sTNFR2, sICAM-1, total testosterone, an-
drostenedione, DHEAS, luteinizing hormone, follicle-stimulat-
ing hormone, estradiol, sex hormone-binding globulin
(SHBG), calculated free testosterone [17], total cholesterol,
low-density lipoprotein cholesterol (LDL), high-density lipo-
protein cholesterol (HDL) and triglycerides. Then, a 75 g
OGTT was carried out, and samples were obtained for mea-
surement of serum insulin and plasma glucose at 0, 30, 60, 90
and 120 min. Samples were immediately centrifuged, and se-
rum was separated and frozen at −20°C until assayed.

Serum CRP concentrations were measured by a high sensi-
tivity immunochemilumenescent assay (Immulite High Sensi-
tivity CRP, Diagnostic Products Corporation, Los Angeles, Ca-
lif., USA) with lower limit of detection of 0.01 mg/dl, and in-
tra- and inter-assay coefficients of variation below 10%. Serum
TNF-α was assayed by immunochemilumenescent assay (Im-
mulite TNF-α, Diagnostic Products Corporation, Los Angeles,
Calif., USA) with a lower limit of detection of 1.7 pg/ml, and
intra- and inter-assay coefficients of variation below 7%. Se-
rum CRP and TNF-α measurements were carried out within
single assays to avoid interassay variation. Serum IL-6 concen-
trations were measured by ELISA (Cytoscreen Human Inter-
leukin-6 UltraSensitive Immunoasssay Kit, Biosource Interna-
tional, Camarillo, Calif., USA) with a lower limit of detection
of 0.104 pg/ml, and mean intra- and inter-assay coefficients of
variation of 6.4% and 7.8% respectively. Serum sTNFR2 con-
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centrations were assayed by ELISA (Quantikine Human sTNF
RII, R & D Systems, Minneapolis, Minn., USA) with a lower
limit of detection of less than 1 pg/ml, and mean intra- and in-
ter-assay coefficients of variation of 2.2% and 4.1% respec-
tively. Serum sICAM-1 concentrations were measured by
ELISA (Human sICAM-1 Kit, Biosource International, Cama-
rillo, Calif., USA) with a lower limit of detection of less than
0.04 ng/ml, and mean intra- and inter-assay coefficients of
variation of 5.2% and 7.8% respectively. The technical charac-
teristics of the assays used for plasma glucose and serum hor-
mone measurements have been described elsewhere [14, 15,
16]. The composite insulin sensitivity index (ISI) was calculat-
ed from the circulating glucose and insulin concentrations dur-
ing the OGTT according to a known method [18].

Statistical Analysis. Data are represented as means ± SD unless
otherwise stated. Data were submitted to a full-factorial multi-
variate general linear model (GLM) to reduce the probability
of a type 1 error (i.e. the probability of finding differences af-
ter repeating multiple tests simply by chance), considering the
large number of variables studied here [19].

Dependent variables included hirsutism score, WHR, mean
blood pressure, ISI, circulating serum inflammatory cardiovas-
cular risk markers, serum glucose and lipid concentrations, and
hormone concentrations. Independent variables were obesity,
and PCOS (representing a higher degree of insulin resistance).
The interaction of both independent variables was also analy-
sed. As the controls were older compared with the PCOS pa-

tients, age was introduced as a covariate. The GLM also calcu-
lated the univariate analysis for all the dependent variables.

All the dependent variables were tested for normality using
the Kolmogorov-Smirnov statistic, with a Lilliefors signifi-
cance level for testing normality. Logarithmic or square root
transformations were applied as needed to ensure normal dis-
tribution of the variables.

Correlation analysis and partial correlation analysis were
also used as described below. Statistical analyses were done
using SPSS 10 for the Macintosh (SPSS, Chicago, Ill., USA).
A p value less than 0.05 was considered statitically significant.

Results

Effect of PCOS and obesity on serum markers of in-
flammation, and on clinical and biochemical vari-
ables. Obesity, as defined by a BMI greater than or
equal to 27 kg/m2, was observed in 22 patients
(62.9%) and in 17 control subjects (60.7%). Ten con-
trol subjects (36%) and 13 of the PCOS patients
(37%) were smokers.

The multivariate GLM analysis detected differ-
ences in the dependent variables between PCOS 
patients and controls (Wilks’ λ=0.282, F=6.852,
p<0.0001) and between obese and lean women
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Table 1. Serum inflammatory cardiovascular risk markers, and clinical and biochemical variables in PCOS patients and non-
hyperandrogenic controls

PCOS Patients n = 35 Controls n = 28 p

Serum inflammatory markers
C-reactive protein (mg/dl) 0.45±0.62 0.32±0.34 0.649
Interleukin-6 (pg/ml) 0.76±0.87 0.81±0.50 0.242
sTNFR2 (pg/ml) 2062±632 2205±605 0.274
TNF-α (pg/ml) 3.74±1.18 3.53±1.32 0.775
sICAM-1 (ng/ml) 77±28 67±25 0.103

Anthropometric and metabolic variables
WHR 0.78±0.07 0.76±0.08 <0.010
Mean blood pressure (mm Hg) 90±12 88±9 <0.050
Insulin sensitivity index 3.23±2.11 4.73±3.00 <0.01
Glucose 0 (mmol/l) 5.0±0.5 5.0±0.4 0.432
Glucose 120 (mmol/l) 6.0±1.8 5.9±1.2 0.569
Insulin 0 (pmol/l) 133±71 87±46 <0.010
Insulin 120 (pmol/l) 865±738 566±572 <0.050
Total cholesterol (mmol/l) 4.6±1.2 4.8±1.1 0.583
LDL-cholesterol (mmol/l) 2.8±1.0 2.9±1.0 0.355
HDL-cholesterol (mmol/l) 1.3±0.3 1.5±0.5 0.123
Triglycerides (mmol/l) 1.2±1.2 0.9±0.6 0.083

Variables related to hyperandrogenism
Hirsutism score 12±8 2±1 <0.001
Total testosterone (nmol/l) 2.3±0.9 1.4±0.5 <0.001
Free testosterone (pmol/l) 47±21 21±9 <0.001
Sex hormone-binding globulin (nmol/l) 29±15 50±21 <0.001
Αndrostendione (nmol/l) 14.3±5.2 9.4±3.4 <0.005
Dehydroepiandrosterone-sulfate (µmol/l) 6.9±3.2 4.8±2.3 0.414
Luteinizing hormone (IU/l) 5.5±3.4 5.8±4.0 0.505
Follicle stimulating hormone (IU/l) 5.1±1.3 6.8±7.6 0.561
Estradiol (pmol/l) 169±70 283±176 <0.050

Data are means ± SD. p values result from the univariate comparisons included in the multivariate general linear model analysis



(Wilks’ λ=0.422, F=3.682, p<0.0005). However, there
was no interaction between PCOS and obesity (Wilks’
λ=0.783, F=0.745, p=0.734), indicating that the influ-
ence of PCOS on the variables studied here was not
different in lean women compared with obese women,
and that the influence of obesity on the variables stud-
ied here was the same in the PCOS and control groups.

Due to the inclusion of age as a covariate, all ana-
lyses were corrected for the difference of age between
PCOS patients and healthy controls. Specifically, age
influenced the WHR (p<0.001), and circulating andro-
stenedione (p<0.01), DHEAS (p<0.001), cholesterol
(p<0.001), LDL (p<0.005), mean blood pressure
(p<0.001) and serum glucose concentrations (p<0.05).

The univariate analyses regarding serum inflamma-
tory cardiovascular risk markers were calculated in
lean PCOS patients and controls, and in obese PCOS
women and controls, separately (Fig. 1). However, be-
cause there was no interaction between PCOS and
obesity in the GLM, pooled analysis of PCOS patients
compared with control women (Table 1), and pooled
analysis of obese subjects compared with lean women
(Table 2) were also performed.

Differences between PCOS patients and controls. The
ISI was reduced, and fasting and post-load serum in-
sulin was increased, in PCOS patients compared with
controls. These results confirm that PCOS can be con-
sidered a human model of insulin resistance, both in
lean and obese pre-menopausal women. Therefore, in
our experimental model, having PCOS is equivalent to
being insulin resistant independently of the degree of
obesity. The WHR showed a small but highly signifi-
cant (p<0.01) increase in PCOS patients, and this in-
crease in WHR may be related to the insulin resis-
tance of these women.

Despite the reduced insulin sensitivity in PCOS pa-
tients, no differences were observed in this group in
circulating CRP, IL-6, sICAM-1, TNF-α, and sTNFR2
compared with healthy women.

PCOS patients had increased hirsutism scores,
mean blood pressure, total testosterone, free testoster-
one, and androstenedione concentrations, whereas
SHBG and estradiol concentrations were reduced. No
differences were observed between PCOS patients and
controls in DHEAS, luteinizing hormone and follicle-
stimulating hormone concentrations, and in serum 
lipid concentrations (Table 1, Fig. 1).

Differences between obese and lean women. The ef-
fect of obesity on the individual variables was also
evaluated by the GLM analysis. The BMI was
36.5±6.5 kg/m2 in the obese subgroup (n=39), and
22.7±2.9 kg/m2 in the lean subgroup (n=24). Obese
women were older than lean subjects (29.5±8.6 yr vs.
25.3±7.2, p=0.045) but the comparisons between the
obese and lean groups were corrected for the differ-
ence in age because of the inclusion of age as a co-
variate in the GLM.

The ISI was reduced, and fasting glucose and insu-
lin concentrations were higher, in obese women com-
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Fig. 1. Influences of PCOS and obesity on the insulin sensitivi-
ty index and on serum concentrations of inflammatory cardio-
vascular risk markers. The multivariate GLM showed differ-
ences between PCOS patients and controls (p<0.0001) and be-
tween obese and lean women (p<0.0005). There was no interac-
tion between PCOS status and obesity (p=0.734). Comparisons
were corrected for age, because age was introduced as a covari-
ate in the model. The box-plot includes the median (horizontal
line) and the interquartile range (box), and the whiskers indicate
the 5th and 95th percentiles. The figures below the x-axis indi-
cate the number of subjects in each subgroup. * p<0.01 for the
difference between obese and lean women. † p<0.01 for the dif-
ference between PCOS patients and controls



pared with lean women. Circulating CRP and IL-6
concentrations were higher, and sTNFR2 concentra-
tions tended (p<0.1) to be increased, in obese women.
On the contrary, no differences were observed be-
tween obese and lean women in serum TNF-α and 
sICAM-1 concentrations (Table 2, Fig. 1).

Obese women had increased free testosterone con-
centrations, whereas hirsutism scores, and SHBG and
HDL concentrations were reduced, compared with
lean women. No differences were observed in WHR,
mean blood pressure, total testosterone, androstenedi-
one, DHEAS, luteinizing hormone, follicle-stimulat-
ing hormone and estradiol concentrations, cholesterol,
LDL and triglycerides.

A previous study by others suggested that smoking
might influence the relationships between CRP, IL-6
and insulin sensitivity [21]. However, in our series,
the differences described above, between PCOS and
controls and between obese and lean women, re-
mained essentially unchanged after introducing smok-
ing as a covariate in the GLM (data not shown).

Inclusion of serum testosterone and estradiol concen-
trations as covariates. Besides insulin resistance and
age, PCOS patients and controls had different serum

androgen and estradiol concentrations. When repeat-
ing the GLM including serum markers of inflamma-
tions as dependent variables, PCOS and obesity as in-
dependent variables, and age, serum total testosterone
and estradiol concentrations as covariates, no differ-
ences in serum markers of inflammation were ob-
served between PCOS patients and controls, whereas
CRP and IL-6 concentrations were increased in obese
women compared with lean women (data not shown).
Therefore, the different androgen and estradiol con-
centrations between PCOS patients and controls did
not influence the results.

Relationships between ISI, BMI, and serum inflamma-
tory markers. As there were no differences in serum
markers of inflammation between PCOS patients and
control women, both groups were considered as a
whole for these analyses. Logarithmic transformations
ensured normal distribution of the variables.

The log[ISI] showed inverse correlations with
log[CRP], log[IL-6], log[sTNFR2], log[sICAM-1] and
TNF-α (Fig. 2). However, the log[ISI] also correlated
inversely with BMI (r=−0.55, p<0.0001), and the BMI
showed stronger direct correlations with log[CRP]
(r=0.75, p<0.0001), log[IL-6] (r=0.47, p<0.0001),
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Table 2. Serum inflammatory cardiovascular risk markers, and clinical and biochemical variables, in obese and lean women

Obese women n = 39 Lean women n = 24 p

Serum inflammatory markers
C-reactive protein (mg/dl) 0.57±0.57 0.11±0.17 <0.001
Interleukin-6 (pg/ml) 0.92±0.53 0.55±0.92 <0.001
sTNFR2 (pg/ml) 2216±643 1977±561 0.086
TNF-α (pg/ml) 3.75±1.35 3.48±1.04 0.530
sICAM-1 (ng/ml) 75±26 69±28 0.729

Anthropometric and metabolic variables
WHR 0.79±0.07 0.74±0.07 0.108
Mean blood pressure (mm Hg) 92±11 85±8 0.100
Insulin sensitivity index 3.22±2.53 5.00±2.47 <0.010
Glucose 0 (mmol/l) 5.1±0.4 4.8±0.4 <0.050
Glucose 120 (mmol/l) 6.2±1.5 5.5±1.5 0.250
Insulin 0 (pmol/l) 130±69 85±47 <0.005
Insulin 120 (pmol/l) 825±733 581±569 0.281
Total cholesterol (mmol/l) 4.7±1.0 4.8±1.4 0.212
LDL-cholesterol (mmol/l) 2.9±0.9 2.8±1.1 0.689
HDL-cholesterol (mmol/l) 1.3±0.3 1.5±0.4 0.002
Triglycerides (mmol/l) 1.0±0.5 1.2±1.5 0.798

Variables related to hyperandrogenism
Hirsutism score 6±7 9±9 <0.05
Total testosterone (nmol/l) 2.0±0.9 1.7±0.7 0.298
Free testosterone (pmol/l) 39±23 30±17 <0.05
Sex hormone-binding globulin (nmol/l) 35±19 43±22 <0.05
Αndrostendione (nmol/l) 12.5±5.4 11.6±4.7 0.147
Dehydroepiandrosterone-sulfate (µmol/l) 6.0±3.0 5.8±3.0 0.131
Luteinizing hormone (IU/l) 5.8±3.7 5.5±3.7 0.699
Follicle stimulating hormone (IU/l) 5.4±1.7 6.8±8.3 0.470
Estradiol (pmol/l) 243±156 181±97 0.087

Data are means ± SD. p values result from the univariate comparisons included in the multivariate general linear model analysis



log[sTNFR2] (r=0.48, p<0.0001) and log[sICAM-1]
(r=0.27, p<0.05).

Therefore, we suspected that the inverse correla-
tions between the log[ISI] and the markers of inflam-
mation were spurious, resulting from the stronger cor-
relation of these markers with BMI, which also corre-
lated with the log[ISI]. When submitted to partial cor-
relation analysis controlling for BMI, most of the in-
verse correlations between the log[ISI] and serum
markers of inflammation did not maintain statistical
significance and only the weak inverse correlation
with log[CRP] concentrations retained significance
(Fig. 2).

Conversely, and in agreement with the major influ-
ence of BMI on serum markers of inflammation, after

controlling for log[ISI] by partial correlation analysis,
the correlations of BMI with log[CRP] (r=0.63,
p<0.001), log[IL-6] (r=0.34, p<0.01) and log[sTNFR2]
(r=0.36, p<0.005) persisted. These results further sup-
port that body fat, but not insulin resistance, is the ma-
jor determinant of the serum concentrations of inflam-
matory cardiovascular risk markers in pre-menopausal
women.

Finally, we studied the correlation between
log[CRP] and WHR, to evaluate whether or not vis-
ceral adiposity contributed to the increase in CRP con-
centrations observed in obese women. log[CRP] cor-
related with the WHR (r=0.393, p=0.001), but this
correlation weakened after controlling for the influ-
ence of BMI on both variables (r=0.249, p=0.051),
further supporting the dominant influence of the de-
gree of adiposity, represented by the BMI, on serum
CRP concentrations.

Discussion

Insulin resistance and serum markers of inflammation,
such as cytokines and adhesion molecules, are in-
creasingly being considered as predictors of cardio-
vascular disease [22]. Atherogenesis is associated
with chronic local inflammation, and the inflammato-
ry process could result in the release of cytokines into
the circulation such as TNF-α or IL-6, and of adhe-
sion molecules such as ICAM-1 [10, 22, 23]. More-
over, the low-grade chronic inflammatory process as-
sociated with atherogenesis might be related to rela-
tively small increases in CRP, only measurable using
high sensitivity assays [10, 22, 23]. Increased CRP
concentrations are characteristic of obesity [10, 22,
23], suggesting the existence of low-grade chronic in-
flammation also in this condition.

Recently, low-grade inflammation has been pro-
posed as an integral part of insulin resistance, based
on the results of a large elderly population of non-dia-
betic people [5]. However, in this study the associa-
tions between serum CRP, IL-6, sICAM-1 and post-
load insulin weakened after adjustment for measures
of obesity, smoking and cardiovascular disease [5].

Considering that obesity is intimately related to in-
sulin resistance, and that some serum markers of in-
flammation are secreted at least in part by adipose tis-
sue [8, 24, 25], or influence adipose tissue physiology
[26], the possibility exists that instead of being related
to insulin resistance, the concentrations of serum
markers of inflammation actually depend on obesity
[27, 28]. This hypothesis is fully supported by our re-
sults, at least for pre-menopausal women.

Due to the homogeneity of the population studied
here in terms of race, ethnicity, gender, BMI and
smoking habits, our experimental design was adequate
to delimitate the role of obesity and insulin resistance
on the increase in serum markers of inflammation.
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Fig. 2. Correlations between the insulin sensitivity index and
serum markers of inflammation. Logarithmic transformation
was applied before analysis to ensure normality of the vari-
ables as needed. Corr = correlation analysis, PCorr = Partial
correlation analysis controlling for BMI. * p<0.05, † p<0.01, 
‡ p<0.001



Also, all the women were young adults, had normal
fasting glucose concentrations, and did not have any
clinical evidence of atherosclerosis and cardiovascular
disease. The use of a strict and versatile multivariate
GLM analysis allowed us to delineate the relative con-
tribution of obesity, PCOS (representing a higher de-
gree of insulin resistance), and the interaction of both
factors, to the concentrations of serum markers of in-
flammation. Of note, multivariate GLM analysis ad-
just for the possible confounding influence of obesity
on the differences between PCOS and controls, and
for the possible confounding influence of PCOS on
the differences between lean and obese women. In
other words, the lack of interaction between PCOS
and obesity indicates that the influence of PCOS on
the variables studied here was not different in lean and
in obese women, and that the influence of obesity on
the variables studied here was the same in the PCOS
and control groups. Moreover, the use of a multivari-
ate GLM avoids type 1 errors and also permits the in-
clusion of age as a covariate, correcting the analysis
for the difference in age between PCOS patients and
control subjects, and for the difference in age between
the obese and lean groups.

Although in our series PCOS patients had de-
creased insulin sensitivity, no differences were ob-
served between PCOS patients and controls in any of
the serum markers of inflammation studied here,
whereas obesity increased serum CRP and IL-6 con-
centrations, and tended to increase sTNFR2 concen-
trations. As stated above, the influence of obesity on
these markers was not different in PCOS patients and
in controls suggesting that this influence was indepen-
dent on the degree of insulin resistance. Moreover,
these results were confirmed when repeating the GLM
including serum testosterone and estradiol concentra-
tions, and smoking, as covariates, ruling out any im-
portant influence of these factors on our results.

Our finding of increased CRP and IL-6 concentra-
tions in obese subjects is not surprising considering
that adipose tissue IL-6 concentrations correlate with
serum CRP concentrations [29], and that the synthesis
of CRP by the liver is largely regulated by IL-6 [30].
Also, IL-6 can be considered as an endocrine cytokine
[31], in contrast to other cytokines such as TNF-α that
exert their metabolic influences predominantly
through autocrine and paracrine mechanisms [32]. The
latter could explain the absence of differences in se-
rum TNF-α and s-ICAM concentrations between
obese and lean subjects in our series, whereas the ten-
dency towards increased sTNFR2 concentrations in
obese women might indicate increased shedding of
TNFR2 after increased TNF-α local activity [7].

The correlation and partial correlation analyses, al-
though partly limited by the strong correlation be-
tween BMI and ISI, also support our conclusion that
serum markers of inflammation and adhesion mole-
cules are mostly related to obesity, and cast doubt up-

on their usefulness as surrogate markers of insulin re-
sistance in pre-menopausal women. After controlling
for the influence of BMI, only CRP maintained the in-
verse correlation with the ISI, but this correlation was
too weak (r=−0.29) to represent any biologically plau-
sible relationship [19].

In agreement with our results, a previous study has
shown that serum IL-6 concentrations do not correlate
with indexes of insulin resistance in women [21].
However, the same study suggests that the relation-
ships between CRP, IL-6 and insulin resistance are af-
fected by sex, because such relationships are observed
in men [21]. Due to the use of PCOS as a model of in-
sulin resistance, our results only apply to pre-meno-
pausal women, precluding any extrapolation to other
populations, such as men or postmenopausal women.

Moreover, our results do not argue against a role
for inflammatory cytokines in the pathogenesis of in-
sulin resistance, but rather suggest that serum markers
of inflammation do not reflect accurately the local tis-
sue mechanisms mediating the induction of insulin 
resistance by inflammatory cytokines. Moreover, we
only measured these serum markers at one time-point,
and therefore we cannot rule out that integrated cyto-
kine concentrations measured over time might yield
different results. There is substantial evidence indicat-
ing that inflammatory cytokines act through paracrine
and autocrine mechanisms to induce insulin resistance
[33, 34]. Nevertheless, there are conflicting reports on
the usefulness of their circulating concentrations to
detect this process, and several studies have failed to
identify relationships between serum markers of in-
flammation and measures of insulin resistance [35],
especially when the correlations were controlled for
the influence of obesity [36, 37, 38].

Among the serum markers of inflammation studied
here, only CRP showed a weak correlation with insu-
lin resistance in our series, in agreement with a very
recent report in Pima Indians [39]. Therefore, CRP
might translate to some extent the chronic local in-
flammatory process associated with insulin resistance,
by reflecting the action of inflammatory mediators in
the liver.

However, our experimental design had some limita-
tions. Possibly the most important was the relatively
small sample size and the use of a strict multivariate
GLM analysis. The latter decreased the probability of
type 1 errors, yet at the expense of decreasing the sta-
tistical power of our experimental design. Therefore
we cannot exclude completely that the non-significant
differences in serum inflammatory markers between
PCOS and controls might reach statistical significance
if the sample size was increased. This consideration is
especially important regarding CRP concentrations,
which was the inflammatory marker showing the larg-
er increase in PCOS patients compared with controls,
and it is possible that this increase might have reached
statistical significance if a larger series was studied.
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Nevertheless, the non-significant increases of CRP,
TNF-α and sICAM-1 in PCOS patients were small,
and the mean values of IL-6 and sTNFR2 even tended
to be lower in PCOS controls compared with normal
controls. Even assuming that these differences would
reach statistical significance by increasing sample
size, we could conclude that not all serum inflamma-
tory markers were increased in insulin-resistant PCOS
subjects. Secondly, the OGTT-based method to assess
insulin sensitivity used here is relatively inaccurate
compared to euglycaemic clamp techniques, and we
cannot exclude the possibility that the use of clamp
techniques would uncover a stronger relation between
insulin resistance and inflammatory markers. Other
surrogate markers of insulin resistance such as the in-
crease in WHR and in fasting and post-load insulin
concentrations also supported the existence of insulin
resistance in both lean and obese PCOS patients, com-
pared with their non-hyperandrogenic counterparts.
Therefore, we do not believe that our overall conclu-
sions are invalidated by the use of OGTT to evaluate
insulin sensitivity. Finally, there is the possibility that
the mechanisms underlying insulin resistance in
PCOS are different than those involved in the insulin
resistance associated with obesity, and obesity-related
insulin resistance might trigger inflammatory cytokine
production while that associated with PCOS does not.
Nevertheless, to our knowledge there is no experimen-
tal data to support this hypothesis.

Focusing on the group of PCOS patients, our re-
sults are largely confirmatory with regards to the pres-
ence of hyperandrogenism, reduction in SHBG con-
centrations, and increased insulin resistance compared
with non-hyperandrogenic women. On the contrary,
we have not found the increased CRP concentrations
recently reported in a smaller series of PCOS patients
and healthy controls from Scotland [40]. Nevertheless,
we have shown that hyperandrogenism is influenced
by certain TNF-α, TNFR2 and IL-6 genotypes [14,
15, 16], supporting that low grade chronic inflamma-
tion might influence the pathogenesis of PCOS. How-
ever, our results suggest that serum markers of inflam-
mation do not reflect accurately the local tissue mech-
anisms mediating this process.

In conclusion, the circulating concentrations of se-
rum inflammatory cardiovascular risk markers in pre-
menopausal women are determined mainly by obesity
and, for a similar BMI, do not change as a function of
insulin resistance.
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