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PCO AND BODY MASS
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Abstract

Objective: To evaluate inflammatory markers and insulin resistance (IR) in women with and
without polycystic ovary syndrome (PCOS), with different body mass index (BMI).
Methods: Tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6) and C-reactive protein
(CRP) were assessed in serum samples from 40 women in reproductive age. Patients
were divided into four groups: I (non-eutrophic with PCOS, n¼ 12), II (non-eutrophic without
PCOS, n¼ 10), III (eutrophic with PCOS, n¼ 8) and IV (eutrophic without PCOS, n¼ 10)
being non-eutrophic, the overweight and obese women with BMI425 kg/m2 and eutrophic
women with BMI524.9 kg/m2. Homeostatic model assessment (HOMA-IR) was calculated for
evaluation of IR.
Results: PCOS patients showed increased levels of CRP (p50.01) and HOMA-IR (p50.01). When
divided by BMI, both non-eutrophic and eutrophic PCOS showed increased CRP levels (p50.01)
and HOMA-IR (p50.01). There were no differences in TNF-a and IL-6 levels between groups.
Conclusion: In the PCOS group, the levels of CRP and IR were elevated, compared to their
counterparts, regardless of body mass.
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Introduction

Polycystic ovary syndrome (PCOS) is the most common endo-
crine disorder of unknown etiology and high phenotypic variation,
which currently affects 8–12% of women in reproductive age
worldwide [1]. In 2003, the European Society of Human
Reproduction and Embryology (ESHRE) and the American
Society for Reproductive Medicine (ASRM) revised the definition
of the syndrome and suggested that it should include at least two
of the following three criteria: (a) oligo and/or anovulation, (b)
clinical signs and/or biochemical hyperandrogenism and (c)
polycystic ovaries on ultrasound and exclusion of diseases [2].

Insulin resistance (IR) and compensatory hyperinsulinemia are
features present in more than 70% of patients with PCOS,
although not included the criteria for the diagnosis of the
syndrome [3,4]. Although IR is more common in obese patients,
its occurrence is not directly related to body mass index (BMI)
[3–5] enabling it to be important marker of metabolic disease and
cardiovascular risk [6] and in the pathogenesis of PCOS.

The association of the pro-inflammatory state, obesity and IR
is common in patients with PCOS [7]. The inflammatory state is

mainly evidenced by elevated plasma concentrations of inflam-
matory cytokines: tumor necrosis factor alpha (TNF-a) and
interleukin-6 (IL-6) [8] and the acute phase C-reactive protein
(CRP), common in patients with PCOS, which contribute to IR
and other cardiometabolic risk factors in the long term [9,10].

TNF-a, IL-6 and CRP are associated with obesity and type 2
diabetes, inducing IR by stimulating the serine phosphorylation of
insulin receptor substrate 1 [6,8–11]. Although many studies have
been conducted to understand the impact of inflammatory
responses in obesity-related IR, little is known about what
actually causes the inflammatory status in these patients, being a
consequence of obesity or the syndrome itself [12]. The aim of
this study was to evaluate the levels of inflammatory markers and
IR in women with and without PCOS with different nutritional
status, in an attempt to better characterize the low-grade chronic
inflammation present in the syndrome.

Materials and methods

Participants

The study included 40 women, in the 17–40 age range, being 20
diagnosed with PCOS, and 20 healthy volunteers paired by body
mass index (BMI) recruited in the outpatient Department of
Gynecology and Endocrinology of the Federal University of Rio
Grande do Norte (UFRN), Natal-RN, Brazil. Patients diagnosed
with PCOS according to the established Rotterdam criteria in
2003 [2] were included. Those who had other causes of
hyperandrogenism and menstrual irregularities similar to the
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clinical presentation of PCOS were excluded. For comparative
analysis, women assigned in the study were divided into four
groups: Group I (non- eutrophic with PCOS, n¼ 12), Group II
(non-eutrophic without PCOS, n¼ 10), Group III (eutrophic with
PCOS, n¼ 8) and Group IV (eutrophic without PCOS, n¼ 10).
Categorization of groups was performed by BMI, according to the
World Health Organization (WHO) with women being classified
as non-eutrophic, the overweight and obese women (BMI425 kg/
m2) and as eutrophic (BMI524.9 kg/m2) [13]. The study was
approved by the institutional review board at UFRN (protocol
number 400/09).

Biochemical and hormonal assays

After fasting for 12 h, patients had their peripheral blood collected
without anticoagulant (10 mL). The metabolic profile included
fasting glucose, oral glucose tolerance test (OGTT) with 75 g of
glucose, total cholesterol, high density lipoprotein (HDL), low
density lipoprotein (LDL) and fasting insulin. The OGTT assay
was performed by oral administration of 75 g anhydrous glucose
ingested in a maximum time of 5 min. Plasma glucose was
determined after 30, 60, 90 and 120 min. All biochemical assays
were determined using commercial kits (Diagnostic Labtest-SA�,
São Paulo, Brazil) by the colorimetric method/enzyme in
equipment Bioplus, 2000 model (Barueri, Brazil), and the results
expressed as mg/dL. LDL-cholesterol was determined using the
Friedewald formula: (total cholesterol� [HDL-C + triglycerides/
5]). IR was determined by the model HOMA-IR using the
following formula: (fasting glucose in mg/dL� 0.05551)� fasting
insulin in U/mL]/22.5. Patients who had HOMA42.71�mol U/L
were diagnosed with IR [14].

Aiming the further characterization of the carriers of the
syndrome, the following hormones were evaluated: luteinizing
hormone (LH), follicle stimulating hormone (FSH), estradiol,
progesterone, total testosterone, prolactin, dehydroepiandroster-
one sulfate (DHEAS) and insulin. The following pro-inflamma-
tory cytokines were assessed: TNF-a, IL-6 and CRP. These
measurements were performed by chemiluminescence, the device
Immulite 1000� (Diagnostic Products Corporation, Los Angeles,
CA), except PCR which was measured by immunoturbidimetric
assay based on immunoprecipitation reaction, the device Labmax
240 (Labtest Diagnostic-SA, São Paulo, Brazil).

Statistical analyses

Data are expressed as mean and standard deviation (SD). The data
were tested for normality using the Shapiro-Wilk test. Mann-
Whitney test was used to compare PCOS and control group
regarding inflammatory state and IR. The statistical significance
was set at 5% (p50.05). All data were analyzed using SPSS 17.0
for Windows (SPSS, Inc., Chicago, IL).

Results

Table 1 shows a comparison of the hormonal profile of the
evaluated patients with and without PCOS. Women with PCOS
presented significantly higher FSH levels (5.32 ± 3.64 mIU/mL),
while estradiol and progesterone levels were higher in healthy
controls (112.48 ± 74.86 pg/mL) and (3.87 ± 3.12 ng/mL),
respectively.

Table 2 presents the analyzed metabolic parameters of PCOS
patients and non-PCOS group, stratified by BMI. The basal values
of glucose (76.5 ± 8.88) p¼ 0.03 glucose after the OGTT
(112.2 ± 27.2; p¼ 0.05) and LDL cholesterol (110.8 ± 21.7;
p¼ 0.05) were higher in the PCOS eutrophic group compared
to the healthy subjects matched for the same BMI. In general,
both eutrophic and non-eutrophic PCOS group showed higher

levels of fasting insulin (p¼ 0.02 and p¼ 0.04) and HOMA-IR
(p¼ 0.01 and 0.04) (Table 2).

The analysis of inflammatory markers revealed that patients
with PCOS, eutrophic and non-eutrophic showed significantly
elevated levels of C-reactive protein (p¼ 0.01) compared to
healthy women with a corresponding BMI. There were no
differences in TNF-a and IL-6 between groups (Table 3).

Discussion

The assessment of the inflammatory profile revealed a
significant increase in CRP levels in women with PCOS,
regardless of the BMI, suggesting the inflammatory state
characteristic of this syndrome. The fact that the evaluation has
been performed in different nutritional status excludes the bias of
obesity [15–17].

González et al. reported that serum levels of TNF-a and IL-6
are elevated in patients with PCOS and that the most likely source
is in the excess of adipose tissue [7,18]. In a similar study of the
same authors, when obese women with PCOS were exposed to
conditions of hyperglycemia, an incensement in the release of
TNF-a was observed [11]. However the results of our study were
not crucial to compare the levels of these cytokines in the
different groups, probably because of the reduced number of
patients and/or ethnic differences.

The PCR evaluation in different groups reveled that a
significant increase of this marker was associated to PCOS
group (p50.0001), whether they were obese or not. The same
results were reported in previous studies [19–23], in which
patients with PCOS had elevated serum hsCRP independently of
being associated with obesity. CRP is an acute phase protein
hepatically synthesized in response to IL-6 and TNF-a, which
plays a direct role in promoting inflammatory components which
may contribute to the development and progression of athero-
sclerosis [24–26].

All groups presented normal fasting blood glucose levels,
blood glucose after OGTT, fasting insulin and HOMA-IR.
However, when the comparison was made between the PCOS
and control groups stratified by BMI it was observed that
eutrophic PCOS group had higher fasting and postprandial serum
glycemia in OGTT. All PCOS patients evaluated had a higher
insulin concentration associated with high values, but normal
HOMA-IR. These results are suggestive of a future change in
glucose metabolism, insulin resistance and therefore an increased
risk of type 2 diabetes in PCOS patients [11]. These findings were
similar to other studies that confirmed that in PCOS there is
insulin change only for glucose uptake by the tissues, not
compromising the other functions of this hormone [27].

The high blood glucose levels of PCOS patients cause an
increase in the generation of reactive oxygen species by

Table 1. Characterization of hormonal parameters in PCOS and control
women.

PCOS (n¼ 20) Control women (n¼ 20)

FSH (mUI/mL) 5.32 ± 3.64* 2.34 ± 2.29
LH(mUI/mL) 10.35 ± 16.57 4.35 ± 3.28
Prolactin (ng/mL) 12.00 ± 6.42 13.12 ± 9.72
Estradiol (pg/mL) 44.32 ± 36.91 112.48 ± 74.86*
Testosterone (ng/dL) 72.16 ± 59.73 44.87 ± 22.69
DHEAS (mg/dL) 158.39 ± 101.55 123.99 ± 55.35
Progesterone (ng/mL) 0.50 ± 0.46 3.87 ± 3.12*

Values expressed as mean ± standard deviation.
*p50.05 comparing PCOS versus control group by the Mann–Whitney.
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mononuclear cells and this may be an important factor to
modulate the release of TNF-a, playing an important role for the
development of hyperandrogenism and insulin resistance through
activation of NF-kB (nuclear factor kappa B) and the consequent
increase in the transcription of TNF-a gene, characterizing the
PCOS as a proinflammatory state [27–29].

Hyperinsulinemia can occur in response to rising blood
glucose levels and may also be caused by a reduced clearance
of insulin that is present in individuals with IR [11]. Therefore, in
PCOS, fasting hyperinsulinemia is the result of a combination of
increased fasting insulin secretion and decreased hepatic clear-
ance of insulin [2,11,8]. Our results showed that HOMA-IR
parameters were higher in a statistically significant manner in
patients with PCOS eutrophic and not eutrophic compared to
healthy counterparts. There is no consensus in the literature
regarding the influence of obesity on these metabolic changes,
since the lean PCOS patients may also exhibit insulin resistance
[17–19]. However, some authors claim that insulin resistance and
compensatory hyperinsulinemia occur in PCOS independent of
obesity associated [3,11,15,17,21].

In 2011, Hu et al. observed elevated CRP levels associated
with HOMA-IR in patients with PCOS when comparing with
healthy controls [29], similar results were also reported by
Roldam et al. [26]. However, we did not find statistically
significant association between the inflammatory markers
TNF-a, IL-6 and CRP to the HOMA-IR.

The results of this study contribute to establish the PCOS as a
condition of chronic inflammation by increasing CRP, as well as
the influence of the development of cardiovascular disease related
to syndrome. However, further studies are needed comparing
patients with and without PCOS associated or not with obesity so
as to understand the precise mechanism involved in numerous
characteristics that underlie this complex disease.
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7. González F, Sia CL, Stanczyk FZ, et al. Hyperandrogenism exerts an
anti-inflammatory effect in obese women with polycystic ovary
syndrome. Endocrine 2012;42:726–35.

8. Mohlig M, Spranger J, Osterhoff M, et al. The polycystic ovary
syndrome per se is not associated with increased chronic inflam-
mation. Eur J Endocrinol 2004;150:525–32.

9. Diamanti-Kandarakis E, Dunaif A. Insulin resistance and the
polycystic ovary syndrome revisited: an update on mechanisms
and implications. Endocr Rev 2012;33:981–1030.

10. Papunen L, Bautio K, Ruokonen A, Hedberg P. Metformin reduces
serum c-reactive protein levels in women with polycystic ovary
syndrome. J Clin Endocrinol Metab 2003;88:4649–54.

11. Gonzalez F, Minium J, Rote NS, Kirwan JP. Hyperglycemia alters
tumor necrosis factor release from mononuclear cells in women with
polycystic ovary syndrome. J Clin Endocrinol Metab 2005;90:
5336–42.

12. Duleba AJ, Dokras A. Is PCOS an inflammatory process? Fertil
Steril 2012;97:7–12.

13. World Health Organization. Obesity preventing and managing the
global epidemic. Report of a WHO consultation on obesity, Geneva,
3–5 June 1997.

Table 2. Metabolic parameters of women with and without PCOS stratified by body mass index.

PCOS eutrophic
(n¼ 08)

Control eutrophic
(n¼ 10) p Value

PCOS non-eutrophic
(n¼ 12)

control non-eutrophic
(n¼ 10) p Value

Fasting glucose (mg/dL) 76.5 ± 8.88 67.25 ± 5.63 0.03* 82.08 ± 12.33 76.00 ± 13.84 0.46
Glucose 120 (mg/dL) 112.4 ± 27.2 75.49 ± 15.8 0.05* 104.8 ± 21.59 95.33 ± 32.25 0.60
Fasting insulin (mIU/mL) 5.69 ± 2.76 2.62 ± 0.47 0.02* 13.26 ± 14.42 3.62 ± 1.07 0.04*
HOMA-IR 1.07 ± 0.55 0.43 ± 0.08 0.01* 2.16 ± 2.54 0.82 ± 0.56 0.04*
Total cholesterol (mg/dL) 171.5 ± 30.7 144.4 ± 20.6 0.08 199.9 ± 43.08 170.0 ± 31.66 0.09
Triglycerides (mg/dL) 94.6 ± 48.6 67.8 ± 24.3 0.07 176.9 ± 59.52 96.9 ± 38.07 0.02*
HDL cholesterol (mg/dL) 46.3 ± 11.8 58.0 ± 20.67 0.41 42.72 ± 8.97 45.3 ± 7.39 0.51
LDL cholesterol (mg/dL) 110.8 ± 21.7 70.81 ± 25.3 0.05* 118.99 ± 42.4 104.05 ± 24.4 0.33

Values expressed as mean ± standard deviation.
*p50.05 comparing PCOS versus control group by the Mann–Whitney.

Table 3. Inflammatory profile of patients with and without PCOS stratified by BMI.

PCOS eutrophic
(n¼ 08)

Control eutrophic
(n¼ 10) p Value

PCOS non-eutrophic
(n¼ 12)

Control non-eutrophic
(n¼ 10) p Value

PCR 2.63 ± 0.65 0.63 ± 0.37 0.01* 2.35 ± 0.55 0.82 ± 0.48 0.01*
IL-6 4.17 ± 1.80 5.11 ± 2.84 0.41 6.86 ± 4.22 6.81 ± 4.51 0.90
TNF-a 7.65 ± 4.83 6.37 ± 1.38 0.26 10.47 ± 6.92 8.11 ± 3.00 0.51

Values expressed as mean ± standard deviation.
TNF-a¼ tumor necrosis factor-alpha; PCR¼C-Reactive Protein; IL-6¼ interleukin-6.
*p50.05 comparing PCOS versus control group by the Mann–Whitney.

DOI: 10.3109/09513590.2014.976546 PCOS: inflammation and IR 227



14. Defronzo RA. Lilly lecture. The triumvirate: beta cell, muscle, liver.
A collusion responsible for NIDDM. Diabetes 1988;37:667–87.

15. Aiello RJ, Bourassa PA, Lindsey S, et al. Monocyte chemoattractant
protein-1 accelerates atherosclerosis in apolipoprotein E-deficient
mice. Arterioscler Thromb Vasc Biol 1999;19:1518–25.

16. Dunaif, A. Hyperandrogenic anovulation (PCOS): a unique disorder
of insulin action associated with an increased risk of non-insulin-
dependent diabetes mellitus. Am J Med 1995;98:335–95.

17. Ehrmann DA. Polycystic ovary syndrome: quick and comprehensive
review on PCOS. N Engl J Med 2005;352:1223–36.

18. Kandarakis ED, Argyrakopoulou G, Economou F, et al. Defects in
insulin signaling pathways in ovarian steroidogenesis and other
tissues in polycystic ovary syndrome (PCOS). J Steroid Biochem
Mol Biol 2008;109:242–6.

19. Venugopal SK, Devaraj S, Jialal I. Effect of C-reactive protein on
vascular cells: evidence for a proinflammatory, proatherogenic role.
Curr Opin Nephrol Hypertens 2005;14:33–7.

20. Han KH, Hong KH, Park JH, et al. C-reactive protein promotes
monocyte chemoattractant protein-1-mediated chemotaxis through
upregulating CC chemokine receptor 2 expression in human
monocytes. Circulation 2004;109:2566–71.

21. Escobar-Morreale HF, Villuendas G, Botella-Carretero JI, et al.
Obesity, and not insulin resistance, is the major determinant of
serum inflammatory cardiovascular risk markers in pre-menopausal
women. Diabetologia 2003;46:625–33.

22. Laing I, Yates AP, Mather E, Pickersgill M. Serum C-reactive
protein is related to age and body mass index in patients with

polycystic ovary syndrome but not to insulin sensitivity. Endocr
Abstr 2003;6:17–22.

23. Goodarzi MO, Dumesic DA, Chazenbalk G, Azziz R. Polycystic
ovary syndrome: etiology, pathogenesis and diagnosis. Nat Rev
Endocrinol 2011;7:219–31.

24. Lindholm A, Blomquist C, Bixo M, et al. No difference in markers
of adipose tissue inflammation between overweight women with
polycystic ovary syndrome and weight matched controls. Hum
Reprod 2011;26:1478–85.

25. Lemos JA, Morrow DA, Sabatine MS, et al. Association between
plasma levels of monocyte chemoattractant protein-1 and long-term
clinical outcomes in patients with acute coronary syndromes.
Circulation 2003;107:690–5.

26. Rey-Roldan E, Perez Lana MB, Galluzzo L, et al. Is the
polycystic ovary syndrome the causative of the increase in
inflammatory markers and metabolic risk? Gynecol Endocrinol
2012;29:141–4.

27. Pasquali R, Victorin ES, Yildiz BO, et al. PCOS forum: research in
polycystic ovary syndrome today and tomorrow. Clin Endocrinol
2011;74:424–33.

28. Dandona P, Weinstock R, Thusu K, et al. Tumor necrosis factor-
alpha in sera of obese patients: fall with weight loss. J Clin
Endocrinol Metab 1998;83:2907–10.

29. Hu W, Qiao J, Yang Y, et al. Elevated C-reactive protein
and monocyte chemoattractant protein-1 in patients with polycys-
tic ovary syndrome. Eur J Obstet Gynecol Reprod Biol 2011;157:
53–6.

228 A. C. S. dos Santos et al. Gynecol Endocrinol, 2015; 31(3): 225–228



Copyright of Gynecological Endocrinology is the property of Taylor & Francis Ltd and its
content may not be copied or emailed to multiple sites or posted to a listserv without the
copyright holder's express written permission. However, users may print, download, or email
articles for individual use.


	The impact of body mass on inflammatory markers and insulin resistance in polycystic ovary syndrome
	Introduction
	Materials and methods
	Results
	Discussion
	Declaration of interest
	References


