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Abstract
PRO-- PCOS is associated with low-grade systemic inflammation as evidenced by elevation of
multiple markers of inflammation such as C-reactive protein, interleukin-18, monocyte
chemoattractant protein-1 and white blood count as well as endothelial dysfunction and increased
oxidative stress.

CON-- The evidence in support of the presence of chronic inflammatory state in the majority of
women with PCOS is incontrovertible. It is apparent that PCOS is associated with a significant
elevation of multiple markers of inflammation including CRP, IL-18, MCP-1, and white blood
count. Furthermore, PCOS is associated with other derangements associated with inflammation
such as increased oxidative stress and endothelial dysfunction. While the etiology of systemic
inflammation in PCOS remains unclear, recent data raise the intriguing possibility of a link
between PCOS, inflammation and chronic low grade infectious agents such as Chlamydia
pneumoniae, Helicobacter pylori and pathogens inducing periodontal inflammation.

Introduction
While the etiology of PCOS remains a mystery, the evidence in support of the presence of
chronic low-grade inflammation in women with this syndrome is emerging. Inflammation is
also likely to be associated with other prominent aspects of PCOS including insulin
resistance and cardiovascular disease (CVD) risk factors. Indeed, inflammation is
considered to be the key feature of endothelial dysfunction and atherosclerosis (1). Women
with PCOS are predisposed to increased visceral adiposity and this appears to be across all
categories of BMI. Using dual x-ray absorptiometry (DEXA) it has been shown that subjects
with PCOS had similar percentage of total and trunk fat but higher percentage of central
abdominal fat compared with weight-matched controls (2). The presence of increased
visceral adipose tissue is associated with insulin resistance, hyperglycemia and dyslipidemia
which as mentioned above are co-morbidities associated with PCOS. The visceral
adipocytes exert these effects in a paracrine and endocrine manner via the secretion of a
number of molecules some of which are markers of inflammation. In the Women’s Health
Initiative Observational Study it has been shown that overweight/obese women without
clustering of cardiometabolic risk factors still possess abnormal levels of inflammatory
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markers (3). Furthermore, recent studies raise the possibility of an intriguing association of
PCOS with low-grade infections. We will review the current evidence in support of and
against low grade chronic inflammation in women with PCOS with special emphasis on the
associated influence of obesity. Manifestations of chronic inflammation as evidenced by
increases of C-reactive protein (CRP), pro-inflammatory cytokines and chemokines, white
blood count (WBC), oxidative stress and various markers of endothelial inflammation will
be discussed.

Views in favor of inflammation-- Antoni J. Duleba M.D.
CRP

One of the most important markers of inflammation is CRP. CRP is an acute-phase reactant
produced by hepatocytes under the stimulatory control of pro-inflammatory cytokines such
as interleukin (IL)-6 and tumor necrosis factor α (TNFα) (4). Growing evidence supports the
concept that CRP may be, not only a marker, but also a mediator of inflammatory processes
(5,6). For example, CRP induces endothelial dysfunction and promotes monocyte
chemoattractant protein-1-mediated chemotaxis (5). Elevation of high sensitivity CRP (hs-
CRP) is considered to be one of the most important predictors of the risk of cardiovascular
events; the predictive power of hs-CRP is independent of and complementary to lipid profile
(7, 8).

The first study demonstrating elevation of CRP in women with PCOS was carried out by
Kelly and associates who compared 17 women with PCOS (defined according to NIH
criteria) and 15 control subjects (9). The increased CRP levels in women with PCOS
remained significant when age and BMI were accounted for. These findings were confirmed
by a large number of diverse studies evaluating various populations of women with PCOS
defined according to NIH (10) as well as Rotterdam (11) criteria. Recent meta-analysis
evaluated 31 clinical trials and included 2,359 women with PCOS and 1,289 controls (12). It
concluded that CRP in women with PCOS is on average 96% (95% CI: 71-122%) greater
than in healthy subject. Since BMI has a significant impact on CRP, an additional analysis
was performed using data from 26 studies properly matched for BMI; in this analysis, CRP
in women with PCOS was increased by 102% (95% CI: 73-131%). Funnel Plot assessment
of the above meta-analysis revealed no evidence of publication bias. The above findings are
of importance since even modest elevations of CRP are associated with a significant
increase of vascular risks. For example, the age-adjusted relative risk of adverse
cardiovascular events among subjects with blood levels of hs-CRP at 1-3 mg/L, and >3 mg/
L were progressively and significantly increased above the relative risk of subjects with hs-
CRP <1 mg/L (13).

Pro-inflammatory cytokines and chemokines
Chronic inflammatory processes are associated with elevations of a host of proinflammatory
cytokines and chemokines including IL-18, monocyte chemoattractant protein-1 (MCP-1)
and macrophage inflammatory protein-1□ (MIP-1□). Interleukin-18 appears to be closely
related to insulin resistance, metabolic syndrome and has emerged as an important predictor
of long-term cardiovascular mortality (14,15). MCP-1, one of the most studied chemokines,
plays a major role in the development of atherosclerosis (16). Another chemokine, MIP-1□,
also known as chemokine (C-C motif) ligand3 (CCL3) is involved in recruitment and
activation of leukocytes and predicts future cardiovascular events (17). PCOS is associated
with elevation of these agents. In particular, increased levels of IL-18 have been
demonstrated in several studies evaluating this cytokine in women from different ethnic
groups with PCOS defined according to NIH as well as Rotterdam criteria (18,19,20,21)
While IL-18 correlated also with obesity, the association with PCOS was observed when
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accounting for age and BMI of the subjects. Furthermore, serum level of IL-18 correlated
with total testosterone level and inversely with insulin sensitivity index (18,21) .Several
studies have also revealed that women with PCOS have elevated MCP-1 (22, 23, 24). Most
importantly, this observation was verified in PCOS and control subjects matched for age and
BMI (24). Increased levels of MCP-1 and MIP-1□ were also noted among women with
isolated hirsutism (23). Furthermore, serum from women with PCOS, when compared to
serum from controls, induced significantly increased expression of MCP-1 in THP-1 human
monocyte cell line(24).

WBC
Another marker of inflammation is white blood count. Even modest elevations of WBC are
associated with multiple cardiovascular risk factors including increased BMI, adverse lipid
profile and periodontal disease (25). In a large national cohort study, WBC was a predictor
of coronary heart disease mortality independent of smoking and other traditional risk factors
(26). The first study demonstrating an increase of WBC among women with PCOS was
published by Orio and associates in 2005 (27). This study evaluated 150 women with PCOS
(defined according to NIH criteria) and 150 controls matched for age and BMI. Median
WBC in the PCOS and control groups was, respectively, 7,260 and 5,220 cells/mm3

(P<0.0001). Significant elevation of lymphocytes and monocytes were found. WBC in
women with PCOS correlated with insulin resistance determined by the homeostasis model
(HOMA). Elevation of WBC in women with PCOS was subsequently confirmed in several
other studies (28, 29, 30).

Oxidative stress
Oxidative stress and chronic inflammation are closely inter-related; indeed, extensive
evidence supports the concept of a vicious cycle, whereby inflammation induces generation
of reactive oxygen species (ROS), while oxidative stress promotes and aggravates
inflammation (31). Such a vicious cycle has been particularly well documented in
endothelium and in adipose tissues. Increased oxidative stress is associated with
atherosclerosis, diabetes, obesity and metabolic syndrome. The first report documenting
increased oxidative stress in women with PCOS was published a decade ago (32). Twenty-
seven women with PCO were matched for age and BMI with 18 healthy controls. Oxidative
stress was determined by evaluation of lipid peroxidation using an erythrocyte
malondialdehyde assay. Lipid peroxidation was significantly increased in PCOS and this
increase correlated positively with BMI, insulin level and blood pressure. These findings
were confirmed by subsequent studies evaluating various markers of oxidative stress
including lipid peroxidation and protein carbonyl content (33,34). Complementary to the
increase of oxidative stress, women with PCOS also have a reduced total antioxidant status
(34), reduced glutathione (35), as well as decreased level of haptoglobin, a protein with anti-
oxidant properties (36). Women with PCOS have also increased susceptibility of DNA to
damage induced by oxidative stress; this susceptibility correlates with free testosterone level
(35). An interesting concept linking oxidative stress to insulin resistance has been proposed
by Gonzalez and associates who have demonstrated that ROS generation by mononuclear
cells in response to hyperglycemia is greater among women with PCOS than in control
subjects (37).

Advanced glycation end-products
Advanced glycation end-products (AGEs) are generated by non-enzymatic reactions
between reducing sugars and amino groups of proteins forming reversible Schiff bases,
Amadori products and, ultimately, reactive cross-linked derivative molecules. AGEs act on
signal-transducing receptors (RAGE) leading to induction of oxidative stress. AGEs, by
acting both directly and through RAGE promote development and progression of
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cardiovascular disease (38). While elevation of AGEs is usually detected in the presence of
diabetes, recent studies have demonstrated an elevation of AGEs in women with PCOS
(39,40). In a carefully designed study, several sub-groups of women with PCOS were
compared to control subjects, and to women with isolated hyperandrogenism, polycystic
ovaries, and non-hyperandrogenic anovulation (39). The greatest elevations of AGEs were
found among women with NIH-defined PCOS irrespective of normal or polycystic ovarian
morphology. Intermediate levels of AGEs were detected in hyperandrogenic ovulatory
women with normal ovaries and anovulatory normoandrogenic women. In contrast, levels of
AGEs were normal in women with isolated hyperandrogenism (ovulatory with normal
ovarian morphology) as well as isolated polycystic ovarian morphology (normoandrogenic
and ovulatory) and isolated anovulation (normoandrogenic and with normal ovarian
morphology). More recently, the same group of investigators has shown that AGEs correlate
with the level of anti-mullerian hormone (AMH), presence of PCOS and anovulation (40).

Endothelial inflammation
Chronic low-grade inflammation is closely linked to endothelial inflammation and
consequent endothelial dysfunction. Most importantly, endothelial dysfunction plays a key
role in cardiovascular disease and in particular in the development of atherosclerotic plaques
and hypertension (1,41). PCOS is associated with abnormal endothelial function and with
elevation of various markers of endothelial inflammation. In an early study on this subject,
12 obese women with PCOS were matched for age and weight with 13 healthy control
subjects and endothelial function was evaluated by determination of leg blood flow
following infusion of the endothelium-dependent vasodilator methacholine chloride and
insulin (42). PCOS was characterized by endothelial dysfunction and resistance to insulin-
induced vasodilation. These findings are concordant with subsequent studies evaluating
endothelial function (43,44,45,46). Furthermore, PCOS is associated with elevation of
various markers of endothelial dysfunction and inflammation including: endothelin-1,
soluble intercellular adhesion molecule-1 (sICAM-1), soluble vascular cell adhesion
molecule-1 (sVCAM-1) asymmetric dimethylarginine and plasminogen activator inhibitor-1
(43,45,47,48,49). Abnormal endothelial function in PCOS correlates with insulin resistance.

Infections
Probably the most controversial and least studied aspect of the relationship between PCOS
and inflammation is the concept that PCOS may be associated with low-grade chronic
infection or infections. The concept is appealing since various pathogens such as Chlamydia
pneumoniae and Helicobacter pylori are associated with chronic inflammation and
cardiovascular disease (50). In particular, Chlamydia pneumonia seropositivity correlates
with the presence of atherosclerosis and even acute myocardial infarction (51). In a similar
fashion, seropositivity for Helicobacter pylori is associated with arterial stiffness and
unstable angina (52,53). Other sources of chronic infectious processes linked to
inflammation and cardiovascular risks include pathogens involved in periodontal disease.
Indeed, a recent large, prospective study evaluating over 10,000 participants verified the
relationship between periodontal disease and cardiovascular mortality (54). Literature
evaluating the role of pathogens in PCOS is still minimal but suggests a possible association
of this syndrome with Chlamydia species, Helicobacter pylori and periodontal disease
(55,56,57). Specifically, seropositivity to Chlamydia pneumonia and Chlamydia trachomatis
was significantly greater among women with self-reported oligomenorrhea and hirsutism
than in control subjects (55). The simultaneous presence of elevated hs-CRP levels
strengthened this association. In another study, seropositivity to Helicobacter pylori was
significantly more common among women with PCOS than in an age-matched control
group (56). Most recently, a study evaluating markers of periodontal disease compared 25
non-obese women with PCOS with 27 age and weight-matched control women (57).
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Women with PCOS had multiple elevated clinical periodontal parameters consistent with
gingivitis. On a cautionary note, the above studies are preliminary and demonstrate only an
association of PCOS with some infections; the cause and effect relationship of these
conditions has yet to be determined. Furthermore, larger studies on diverse populations of
subjects are needed.

Views not supporting chronic inflammation-- Anuja Dokras, MD., PhD
Circulating Cytokines

In addition to the above mentioned biomarkers, there are other proinflammatory cytokines,
chemokines and adipokines that are not elevated in the peripheral circulation in women with
PCOS compared to matched controls. A recent meta-analysis by Escobar-Morreale et al (12)
showed no difference in the serum levels of IL6 between women with PCOS (defined per
NICHD and Rotterdam criteria) and controls (15% relative difference, confidence interval
CI −15-45% p=0.33). This was a rigorous meta-analysis which included cross-sectional
studies with a minimum of 25 subjects in each group and all studies used high sensitivity
assays. In the 10 studies included in the meta-analysis examining IL6 levels the total number
of subjects in the PCOS group was 523 compared to 330 controls. The results were similar
after excluding one study that had a mismatch in BMI. TNFα is another cytokine primarily
secreted by the visceral adipocytes. In the same publication as above Escobar-Morreale et al
(12) performed a meta-analysis of 9 studies and found TNFα levels were not significantly
different in women with PCOS compared to controls (5% relative difference CI −12-23%,
p=0.56). A few of these studies have shown an association between markers of
hyperinsulinemia and insulin resistance (HOMA) and the above mentioned circulatory
markers of chronic inflammation (58,59,60). The lack of significant association with
androgens in most studies suggests that PCOS is not independently associated with these
markers of inflammation.

Chemokines and adiponectins
A number of chemokines can be also detected in the circulation; however, few studies have
examined the levels of these biomarkers in women with PCOS. In a large population-based
study, elevated IL-18 levels associated with risk factors for atherosclerosis and with
metabolic syndrome. However the association between IL-18 and atherosclerosis diminished
after accounting for traditional cardiovascular risk factors indicating that IL-18 is not
independently predictive of atherosclerosis in asymptomatic individuals (14). IL18 levels
have been shown to be higher in women with PCOS compared to controls (18, 19) and in
both these studies IL18 levels correlated with indices of insulin sensitivity. In another recent
study where obese PCOS and obese control groups were compared, there was no difference
in serum IL18 levels indicating that when obesity was controlled, the PCOS effect
completely disappeared (20). Future studies should stratify subjects by BMI classes to better
identify the independent association between IL18 and PCOS. Adiponectin levels have also
been measured in women with PCOS. A recent meta-analysis (61) (number of studies =16)
showed that adiponectin levels are significantly lower in women with PCOS compared to
controls (weighted mean difference −1.71 CI −2.82 − 0.6, p<0.01). However, there was
significant heterogeneity between studies and both insulin resistance and study size
attributed to some of these findings. Lower adiponectin levels were not associated with total
testosterone levels.

CRP - Limitations of studies in PCOS
CRP is a circulatory marker of chronic inflammation that has been used for risk stratification
of patients with known coronary artery disease (CAD) and for primary prevention of
cardiovascular disease (CVD). CRP has also been incorporated in screening strategies for
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CAD such as the Reynolds risk score. Both IL6 and TNFα which are not significantly
elevated in women with PCOS (as described above) stimulate the hepatic production of
CRP. As mentioned above in a recent meta-analysis, mean CRP levels were two-fold higher
in PCOS subjects even after including only BMI matched studies (12). All studies included
in the meta-analysis compared mean hsCRP levels between the 2 groups. Further
examination of these individual studies shows that the mean hsCRP levels were in the “high
risk” category (>3mg/L) in only a few studies (62) indicating that at the time of testing these
differences may not be clinically relevant. There is currently controversy regarding the
utility of hsCRP in a “screen everyone” versus “selective screening” in intermediate risk
patients approach (63). Most reproductive age women with PCOS are “low risk” for CVD
using the Framingham risk score assessment making it more meaningful to stratify the data
based on the hsCRP values (64). Although hsCRP has been shown to be an independent
predictor of CVD, given the overall low levels detected in the young PCOS population,
inclusion of multiple risk factors such as dyslipidemia, hypertension, and diabetes in
conjunction with hsCRP levels in an individual subject maybe more useful. An overall risk
profile in this young population would provide a better assessment of long term risk.

Atherosclerosis and inflammation in PCOS
Another consideration is that the presence of individual biomarkers alone in reproductive
age women with PCOS may not be predictive of CVD risk. Long term cardiovascular
outcomes data is limited in women with PCOS and measures of endothelial function, carotid
intima media thickness and coronary artery calcium (CAC) scores (65) have been used to
assess subclinical atherosclerosis in this population. The section on Endothelial
Inflammation has reviewed the evidence for endothelial dysfunction in women with PCOS
and its association with adhesion molecules. Presence of calcium deposits within the
coronary arteries provides direct evidence of atherosclerosis and may provide better
assessment for the link between inflammation and CAD. A few studies have examined the
prevalence of coronary artery calcifications in women with PCOS (NICHD definition) and
compared that with controls. In a case controlled BMI matched study of 48 subjects the
prevalence of CAC was significantly higher in women with PCOS (33%) compared to
controls (8%, p<0.03) (66). Interestingly there was no difference in serum IL6, TNFα,
hsCRP and adiponectin levels between the 2 groups. In another study with a larger number
of subjects prevalence of CAC (defined as Agatston unit >10) was similar between women
with PCOS (Rotterdam definition) and controls (67). Also, in this population there was no
significant difference between serum hsCRP and monocyte chemoattractant protein 1
(MCP-1) levels in women with PCOS and controls. Currently the data is limited to support a
direct link between chronic inflammation and atherosclerosis in women with PCOS.

Limitations of published data on low grade inflammation in PCOS
There are several limitations to the individual studies discussed above and those included in
the meta-analysis. Most studies had small numbers and included women with the Rotterdam
definition of PCOS which introduces marked heterogeneity in the studied population due to
the inclusion of different phenotypes. The impact of obesity (especially visceral adiposity)
on the serum levels of biomarkers has not been adequately addressed in all studies. Although
BMI was controlled statistically in some studies, it has been shown that stratification of the
subjects based on BMI classes is useful to assess the independent effects of PCOS (20,68).
Most studies are cross sectional and thereby prohibit determination of causality between
adiposity/metabolic risk and chronic inflammation in PCOS. For some of the biomarkers
discussed above (AGES, markers of oxidative stress, adhesion molecules) there are only a
few small studies describing the findings and verification in larger studies will be needed to
confirm these findings.
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Conclusions
The above studies collectively suggest that women with PCOS have altered circulatory
levels of some markers of inflammation, which may reflect a state of chronic low grade
inflammation. The data however are limited with respect to the association of chronic
inflammation and PCOS independent of adiposity and the long term implications of these
findings remain to be confirmed. Future studies in this field should define the Rotterdam
phenotype of subjects, stratify subjects based on BMI, use clinically relevant cut offs rather
than comparison of means and ultimately provide longitudinal data on changes in
biomarkers and their correlation with atherosclerosis.

References
1. Ross R. Atherosclerosis--an inflammatory disease. N Engl J Med. 1999; 340:115–26. [PubMed:

9887164]
2. Carmina E, Bucchieri S, Esposito A, Del Puente A, Mansueto P, Orio F, et al. Abdominal fat

quantity and distribution in women with polycystic ovary syndrome and extent of its relation to
insulin resistance. J Clin Endocrinol Metab. 2007; 92(7):2500–5. [PubMed: 17405838]

3. Wildman RP, Kaplan R, Manson JE, Rajkovic A, Connelly SA, Mackey RH, et al. Body size
phenotypes and inflammation in the Women’s Health Initiative Observational Study. Obesity
(Silver Spring). 2011; 19(7):1482–91. doi: 10.1038/oby.2010.332. Epub 2011 Jan 13. [PubMed:
21233809]

4. Castell JV, Gomez-Lechon MJ, David M, Andus T, Geiger T, Trullenque R, et al. Interleukin-6 is
the major regulator of acute phase protein synthesis in adult human hepatocytes. FEBS Lett. 1989;
242:237–9. [PubMed: 2464504]

5. Han KH, Hong KH, Park JH, Ko J, Kang DH, Choi KJ, 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. [PubMed: 15136507]

6. 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. [PubMed:
15586013]

7. Ridker PM, Buring JE, Cook NR, Rifai N. C-reactive protein, the metabolic syndrome, and risk of
incident cardiovascular events: an 8-year follow-up of 14 719 initially healthy American women.
Circulation. 2003; 107:391–7. [PubMed: 12551861]

8. Ridker PM, Buring JE, Cook NR, Rifai N. C-reactive protein, the metabolic syndrome, and risk of
incident cardiovascular events: an 8-year follow-up of 14 719 initially healthy American women.
Circulation. 2003; 107:391–7. [PubMed: 12551861]

9. Kelly CC, Lyall H, Petrie JR, Gould GW, Connell JM, Sattar N. Low grade chronic inflammation in
women with polycystic ovarian syndrome. J Clin Endocrinol Metab. 2001; 86:2453–5. [PubMed:
11397838]

10. Zawdaki, J.; Dunaif, A. Diagnostic criteria for polycystic ovary syndrome: towards a rational
approach. In: Dunaif, A.; Given, J.; Haseltine, F.; Merriam, G., editors. Polycystic ovary
syndrome. Blackwell; Boston: 1992. p. 377-84.

11. Revised 2003 consensus on diagnostic criteria and long-term health risks related to polycystic
ovary syndrome. Fertil Steril. 2004; 81:19–25.

12. Escobar-Morreale HF, Luque-Ramirez M, Gonzalez F. Circulating inflammatory markers in
polycystic ovary syndrome: a systematic review and metaanalysis. Fertil Steril. 2011; 95:1048–58.
e1–2. [PubMed: 21168133]

13. Ridker PM. C-reactive protein and the prediction of cardiovascular events among those at
intermediate risk: moving an inflammatory hypothesis toward consensus. J Am Coll Cardiol.
2007; 49:2129–38. [PubMed: 17531663]

14. Zirlik A, Abdullah SM, Gerdes N, MacFarlane L, Schonbeck U, Khera A, et al. Interleukin-18, the
metabolic syndrome, and subclinical atherosclerosis: results from the Dallas Heart Study.
Arterioscler Thromb Vasc Biol. 2007; 27:2043–9. [PubMed: 17626902]

Duleba and Dokras Page 7

Fertil Steril. Author manuscript; available in PMC 2013 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



15. Furtado MV, Rossini AP, Campani RB, Meotti C, Segatto M, Vietta G, et al. Interleukin-18: an
independent predictor of cardiovascular events in patients with acute coronary syndrome after 6
months of follow-up. Coron Artery Dis. 2009; 20:327–31. [PubMed: 19593889]

16. Niu J, Kolattukudy PE. Role of MCP-1 in cardiovascular disease: molecular mechanisms and
clinical implications. Clin Sci (Lond). 2009; 117:95–109. [PubMed: 19566488]

17. de Jager SC, Kraaijeveld AO, Grauss RW, de Jager W, Liem SS, van der Hoeven BL, et al. CCL3
(MIP-1 alpha) levels are elevated during acute coronary syndromes and show strong prognostic
power for future ischemic events. J Mol Cell Cardiol. 2008; 45:446–52. [PubMed: 18619972]

18. Escobar-Morreale HF, Botella-Carretero JI, Villuendas G, Sancho J, Millan JL San. Serum
interleukin-18 concentrations are increased in the polycystic ovary syndrome: relationship to
insulin resistance and to obesity. J Clin Endocrinol Metab. 2004; 89:806–11. [PubMed: 14764799]

19. Zhang YF, Yang YS, Hong J, Gu WQ, Shen CF, Xu M, et al. Elevated serum levels of
interleukin-18 are associated with insulin resistance in women with polycystic ovary syndrome.
Endocrine. 2006; 29:419–23. [PubMed: 16943580]

20. Kaya C, Pabuccu R, Berker B, Satiroglu H. Plasma interleukin-18 levels are increased in the
polycystic ovary syndrome: relationship of carotid intima-media wall thickness and cardiovascular
risk factors. Fertil Steril. 2010; 93:1200–7. [PubMed: 19131059]

21. Yang Y, Qiao J, Li R, Li MZ. Is interleukin-18 associated with polycystic ovary syndrome?
Reprod Biol Endocrinol. 2011; 9:7. [PubMed: 21244650]

22. Gonzalez F, Rote NS, Minium J, Kirwan JP. Evidence of proatherogenic inflammation in
polycystic ovary syndrome. Metabolism. 2009; 58:954–62. [PubMed: 19375763]

23. Glintborg D, Andersen M, Richelsen B, Bruun JM. Plasma monocyte chemoattractant protein-1
(MCP-1) and macrophage inflammatory protein-1alpha are increased in patients with polycystic
ovary syndrome (PCOS) and associated with adiposity, but unaffected by pioglitazone treatment.
Clin Endocrinol (Oxf). 2009; 71:652–8. [PubMed: 19170716]

24. Hu W, Qiao J, Yang Y, Wang L, Li R. Elevated C-reactive protein and monocyte chemoattractant
protein-1 in patients with polycystic ovary syndrome. Eur J Obstet Gynecol Reprod Biol. 2011;
157:53–6. [PubMed: 21530057]

25. Orio F Jr. Palomba S, Cascella T, Di Biase S, Manguso F, Tauchmanova L, et al. The increase of
leukocytes as a new putative marker of low-grade chronic inflammation and early cardiovascular
risk in polycystic ovary syndrome. J Clin Endocrinol Metab. 2005; 90:2–5. [PubMed: 15483098]

26. Brown DW, Giles WH, Croft JB. White blood cell count: an independent predictor of coronary
heart disease mortality among a national cohort. J Clin Epidemiol. 2001; 54:316–22. [PubMed:
11223329]

27. Orio F Jr. Palomba S, Cascella T, Di Biase S, Manguso F, Tauchmanova L, et al. The increase of
leukocytes as a new putative marker of low-grade chronic inflammation and early cardiovascular
risk in polycystic ovary syndrome. J Clin Endocrinol Metab. 2005; 90:2–5. [PubMed: 15483098]

28. Kebapcilar L, Taner CE, Kebapcilar AG, Sari I. High mean platelet volume, low-grade systemic
coagulation and fibrinolytic activation are associated with androgen and insulin levels in
polycystic ovary syndrome. Arch Gynecol Obstet. 2009; 280:187–93. [PubMed: 19107500]

29. Ruan X, Dai Y. Study on chronic low-grade inflammation and influential factors of polycystic
ovary syndrome. Med Princ Pract. 2009; 18:118–22. [PubMed: 19204430]

30. Herlihy AC, Kelly RE, Hogan JL, O’Connor N, Farah N, Turner MJ. Polycystic ovary syndrome
and the peripheral blood white cell count. J Obstet Gynaecol. 2011; 31:242–4. [PubMed:
21417649]

31. Hulsmans M, Holvoet P. The vicious circle between oxidative stress and inflammation in
atherosclerosis. J Cell Mol Med. 2010; 14:70–8. [PubMed: 19968738]

32. Sabuncu T, Vural H, Harma M. Oxidative stress in polycystic ovary syndrome and its contribution
to the risk of cardiovascular disease. Clin Biochem. 2001; 34:407–13. [PubMed: 11522279]

33. Kuscu NK, Var A. Oxidative stress but not endothelial dysfunction exists in non-obese, young
group of patients with polycystic ovary syndrome. Acta Obstet Gynecol Scand. 2009; 88:612–7.
[PubMed: 19308750]

Duleba and Dokras Page 8

Fertil Steril. Author manuscript; available in PMC 2013 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



34. Fenkci V, Fenkci S, Yilmazer M, Serteser M. Decreased total antioxidant status and increased
oxidative stress in women with polycystic ovary syndrome may contribute to the risk of
cardiovascular disease. Fertil Steril. 2003; 80:123–7. [PubMed: 12849813]

35. Dinger Y, Akcay T, Erdem T, Saygili E Ilker, Gundogdu S. DNA damage, DNA susceptibility to
oxidation and glutathione level in women with polycystic ovary syndrome. Scand J Clin Lab
Invest. 2005; 65:721–8. [PubMed: 16509054]

36. Insenser M, Martinez-Garcia MA, Montes R, San-Millan JL, Escobar-Morreale HF. Proteomic
analysis of plasma in the polycystic ovary syndrome identifies novel markers involved in iron
metabolism, acute-phase response, and inflammation. J Clin Endocrinol Metab. 2010; 95:3863–70.
[PubMed: 20484478]

37. Gonzalez F, Rote NS, Minium J, Kirwan JP. Reactive oxygen species-induced oxidative stress in
the development of insulin resistance and hyperandrogenism in polycystic ovary syndrome. J Clin
Endocrinol Metab. 2006; 91:336–40. [PubMed: 16249279]

38. Barlovic DP, Thomas MC, Jandeleit-Dahm K. Cardiovascular disease: what’s all the AGE/RAGE
about? Cardiovasc Hematol Disord Drug Targets. 2010; 10:7–15. [PubMed: 20041839]

39. Diamanti-Kandarakis E, Katsikis I, Piperi C, Kandaraki E, Piouka A, Papavassiliou AG, et al.
Increased serum advanced glycation end-products is a distinct finding in lean women with
polycystic ovary syndrome (PCOS). Clin Endocrinol (Oxf). 2008; 69:634–41. [PubMed:
18363886]

40. Diamanti-Kandarakis E, Piouka A, Livadas S, Piperi C, Katsikis I, Papavassiliou AG, et al. Anti-
mullerian hormone is associated with advanced glycosylated end products in lean women with
polycystic ovary syndrome. Eur J Endocrinol. 2009; 160:847–53. [PubMed: 19208775]

41. Schulz E, Gori T, Munzel T. Oxidative stress and endothelial dysfunction in hypertension.
Hypertens Res. 2011; 34:665–73. [PubMed: 21512515]

42. Paradisi G, Steinberg HO, Hempfling A, Cronin J, Hook G, Shepard MK, et al. Polycystic ovary
syndrome is associated with endothelial dysfunction. Circulation. 2001; 103:1410–5. [PubMed:
11245645]

43. Orio F Jr. Palomba S, Cascella T, De Simone B, Di Biase S, Russo T, et al. Early impairment of
endothelial structure and function in young normal-weight women with polycystic ovary
syndrome. J Clin Endocrinol Metab. 2004; 89:4588–93. [PubMed: 15356067]

44. Tarkun I, Arslan BC, Canturk Z, Turemen E, Sahin T, Duman C. Endothelial dysfunction in young
women with polycystic ovary syndrome: relationship with insulin resistance and low-grade
chronic inflammation. J Clin Endocrinol Metab. 2004; 89:5592–6. [PubMed: 15531516]

45. Diamanti-Kandarakis E, Alexandraki K, Protogerou A, Piperi C, Papamichael C, Aessopos A, et
al. Metformin administration improves endothelial function in women with polycystic ovary
syndrome. Eur J Endocrinol. 2005; 152:749–56. [PubMed: 15879361]

46. Carmina E, Orio F, Palomba S, Longo RA, Cascella T, Colao A, et al. Endothelial dysfunction in
PCOS: role of obesity and adipose hormones. Am J Med. 2006; 119:356 e1–6. [PubMed:
16564785]

47. Nasiek M, Kos-Kudla B, Ostrowska Z, Marek B, Kajdaniuk D, Sieminska L, et al. Plasma
concentration of soluble intercellular adhesion molecule-1 in women with polycystic ovary
syndrome. Gynecol Endocrinol. 2004; 19:208–15. [PubMed: 15724804]

48. Diamanti-Kandarakis E, Alexandraki K, Piperi C, Protogerou A, Katsikis I, Paterakis T, et al.
Inflammatory and endothelial markers in women with polycystic ovary syndrome. Eur J Clin
Invest. 2006; 36:691–7. [PubMed: 16968464]

49. Moran LJ, Hutchison SK, Meyer C, Zoungas S, Teede HJ. A comprehensive assessment of
endothelial function in overweight women with and without polycystic ovary syndrome. Clin Sci
(Lond). 2009; 116:761–70. [PubMed: 18851710]

50. Mayr M, Kiechl S, Willeit J, Wick G, Xu Q. Infections, immunity, and atherosclerosis:
associations of antibodies to Chlamydia pneumoniae, Helicobacter pylori, and cytomegalovirus
with immune reactions to heat-shock protein 60 and carotid or femoral atherosclerosis.
Circulation. 2000; 102:833–9. [PubMed: 10952949]

Duleba and Dokras Page 9

Fertil Steril. Author manuscript; available in PMC 2013 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



51. Saikku P, Leinonen M, Mattila K, Ekman MR, Nieminen MS, Makela PH, et al. Serological
evidence of an association of a novel Chlamydia, TWAR, with chronic coronary heart disease and
acute myocardial infarction. Lancet. 1988; 2:983–6. [PubMed: 2902492]

52. Ohnishi M, Fukui M, Ishikawa T, Ohnishi N, Ishigami N, Yoshioka K, et al. Helicobacter pylori
infection and arterial stiffness in patients with type 2 diabetes mellitus. Metabolism. 2008;
57:1760–4. [PubMed: 19013302]

53. Pellicano R, Mazzarello MG, Morelloni S, Ferrari M, Angelino P, Berrutti M, et al. Helicobacter
pylori seropositivity in patients with unstable angina. J Cardiovasc Surg (Torino). 2003; 44:605–9.

54. Xu F, Lu B. Prospective association of periodontal disease with cardiovascular and all-cause
mortality: NHANES III follow-up study. Atherosclerosis. 2011; 218:536–42. [PubMed:
21831372]

55. Morin-Papunen LC, Duleba AJ, Bloigu A, Jarvelin MR, Saikku P, Pouta A. Chlamydia antibodies
and self-reported symptoms of oligoamenorrhea and hirsutism: A new etiologic factor in
polycystic ovary syndrome? Fertil Steril. 2009

56. Yavasoglu I, Kucuk M, Cildag B, Arslan E, Gok M, Kafkas S. A novel association between
polycystic ovary syndrome and Helicobacter pylori. Am J Med Sci. 2009; 338:174–7. [PubMed:
19590426]

57. Dursun E, Akalin FA, Guncu GN, Cinar N, Aksoy DY, Tozum TF, et al. Periodontal disease in
polycystic ovary syndrome. Fertil Steril. 2011; 95:320–3. [PubMed: 20800834]

58. Tarkun I, Cetinarslan B, Türemen E, Cantürk Z, Biyikli M. Association between Circulating
Tumor Necrosis Factor-Alpha, Interleukin-6, and Insulin Resistance in Normal-Weight Women
with Polycystic Ovary Syndrome. Metab Syndr Relat Disord. 2006 Summer;4(2):122–8.
[PubMed: 18370758]

59. Vgontzas AN, Trakada G, Bixler EO, Lin HM, Pejovic S, Zoumakis E, et al. Plasma interleukin 6
levels are elevated in polycystic ovary syndrome independently of obesity or sleep apnea.
Metabolism. 2006; 55(8):1076–82. [PubMed: 16839844]

60. Samy N, Hashim M, Sayed M, Said M. Clinical significance of inflammatory markers in
polycystic ovary syndrome: their relationship to insulin resistance and body mass index. Dis
Markers. 2009; 26(4):163–70. [PubMed: 19729797]

61. Toulis KA, Goulis DG, Farmakiotis D, Georgopoulos NA, Katsikis I, Tarlatzis BC, et al.
Adiponectin levels in women with polycystic ovary syndrome: a systematic review and a meta-
analysis. Hum Reprod Update. 2009; 15(3):297–307. Epub 2009 Mar 4. Review. [PubMed:
19261627]

62. Tosi F, Dorizzi R, Castello R, Maffeis C, Spiazzi G, Zoppini G, et al. Body fat and insulin
resistance independently predict increased serum C-reactive protein in hyperandrogenic women
with polycystic ovary syndrome. Eur J Endocrinol. 2009; 161(5):737–45. Epub 2009 Aug 27.
[PubMed: 19713424]

63. Ridker PM. C-reactive protein and the prediction of cardiovascular events among those at
intermediate risk: moving an inflammatory hypothesis toward consensus. J Am Coll Cardiol.
2007; 49:2129–38. [PubMed: 17531663]

64. Taylor MC, Kar A Reema, Kunselman AR, Stetter CM, Dunaif A, Legro RS. Evidence for
increased cardiovascular events in the fathers but not mothers of women with polycystic ovary
syndrome. Hum Reprod. 2011; 26(8):2226–31. Epub 2011 Apr 19. [PubMed: 21505042]

65. Lin E, Hashimoto B, Hwang W. Imaging of subclinical atherosclerosis: questions and answers.
Curr Probl Diagn Radiol. 2011; 40(3):116–26. Review. [PubMed: 21440193]

66. Shroff R, Kerchner A, Maifeld M, Van Beek EJ, Jagasia D, Dokras A. J Young obese women with
polycystic ovary syndrome have evidence of early coronary atherosclerosis. Clin Endocrinol
Metab. 2007; 92(12):4609–14. Epub 2007 Sep.

67. Chang AY, Ayers C, Minhajuddin A, Jain T, Nurenberg P, de Lemos JA, et al. Polycystic ovarian
syndrome and subclinical atherosclerosis among women of reproductive age in the Dallas heart
study. Clin Endocrinol (Oxf). 2011; 74(1):89–96. [PubMed: 21044112]

68. Lecke SB, Mattei F, Morsch DM, Spritzer PM. Abdominal subcutaneous fat gene expression and
circulating levels of leptin and adiponectin in polycystic ovary syndrome. Fertil Steril. 2011;
95(6):2044–9. Epub 2011 Mar 21. [PubMed: 21419406]

Duleba and Dokras Page 10

Fertil Steril. Author manuscript; available in PMC 2013 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


