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Polycystic ovary syndrome (PCOS), one of the most com-
mon reproductive abnormalities, shares some components of 
metabolic cardiovascular syndrome. The cited prevalence of 
PCOS ranges from 7% to almost 20%, depending on the 
diagnostic criteria.1–5 PCOS is frequently associated with 
overweight, obesity, metabolic syndrome, glucose intoler-
ance, hyperinsulinemia, dyslipidemia, and hypertension.5–7 
Patients with PCOS may also suffer diabetes, cardiovascular 
(CV) morbidity and possibly also mortality, sleep apnea, 
stroke, peripheral vascular disease, fibromyalgia, nonalco-
holic fatty liver disease, uterine cancer, and breast 
malignancy.5–7

Metabolic Syndrome and CV Morbidity in PCOS
PCOS patients have persistently higher prevalence rates of 
metabolic syndrome than control women, regardless of 
matched age and body mass index (BMI) ranges.8 Although 
the prevalence of metabolic syndrome in PCOS patients is 
comparable to that of 30-year older control women,8 the 
pathogenesis and the connection between PCOS and meta-
bolic syndrome or CV morbidity and mortality are still 
debated. Recent evidence has been focused on low-grade 
chronic inflammation as a potential cause of the long-term 
consequences of PCOS.5–7 Although the epidemiology is not 
unequivocal, some studies do suggest a possible association 
between PCOS and CV morbidity and mortality.5–7 Insulin 
resistance and obesity may be the mediators of early ventricu-
lar abnormalities, endothelial dysfunction, arterial stiffness, 
and both carotid and coronary atherosclerosis.5–7 The sug-
gested mechanisms relate to the consequences of insulin 
resistance such as dyslipoproteinemia, hypertension, increased 
oxidative stress, low-grade inflammation, altered hemostasis 
and dysfibrinolysis, as well as alterations in myocardial ener-
getics and collagen turnover.5–7

C-Reactive Protein and PCOS
Elevated C-reactive protein (CRP) levels, inflammatory 
cytokines (such as interleukin-6 and interleukin-18), and 

increased leucocyte count indicate on low-grade chronic 
inflammation in PCOS.7–11 CRP has been shown to be a 
good marker of inflammation and one of the most sensitive 
predictors of CV morbidity.7,9,10 Of 12 measured markers, 
high sensitive-CRP was the strongest univariate predictor of 
CV disease.11 In multivariate analysis, the only markers that 
independently predicted CV risk were CRP and total choles-
terol to HDL-cholesterol ratio.11 Furthermore, higher CRP 
levels were measured in healthy postmenopausal women par-
ticipating in the Women’s Health Study who have subse-
quently suffered a CV event compared with those women 
who did not experience any CV morbidity.11,12

Lipids, Inflammation, and CVD
Uncoupling of nitrous oxide synthase (NOS) activity with 
decreased production of nitrous oxide (NO) and generation of 
peroxynitrite may be a pathophysiologic event generating 
endothelial dysfunction, atherogenesis, and thromboembolic 
morbidity.7,11–13 However, it is still equivocal whether hyperan-
drogenemia significantly contributes to the CV morbidity.7 
The PCOS patients possess a higher percentage of central 
abdominal fat despite similar percentage of total fat compared 
with weight matched controls. Changes in the concentrations 
of transforming growth factor beta (TGF-β) superfamily 
members such as inhibins, anti-Müllerian hormone, activin, 
and the non-TGF-β superfamily follistatin also take place in 
PCOS and may have a pathophysiologic role.7,9-13 High vis-
ceral adiposity may be a causative factor of insulin resistance, 
dyslipidemias, and hyperglycemia. Visceral fat cells may secrete 
inflammatory molecules, through endocrine and/or paracrine 
mechanisms. Such pro-inflammatory mediators may consist of 
oxidative stress mediators, increased white blood cells, 
chemokines and cytokines, and several other markers of 
endothelial inflammation, such as high sensitivity (hs)-CRP, 
tumour necrosis factor alpha, homocysteine, interleukin-6 and 
interleukin-18, vaspin, monocyte chemoattractant protein-1, 
advanced glycation end products, and complement C3, being 
cytokines generated by the fat, alveolar cells.7,9-13
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It has been suggested that all PCOS subjects should be 
assessed for individual CV risk factors and global CVD risk.14 If 
screening reveals CVD risk factors including obesity, cigarette 
smoking, dyslipidemia, hypertension, impaired glucose toler-
ance, and inadequate physical activity, PCOS patients may be at 
high risk of CV morbidity and mortality. It has been suggested 
that a fasting lipid profile (total cholesterol, low density lipopro-
tein cholesterol, high density lipoprotein cholesterol, and triglyc-
eride level at diagnosis) should be assessed in all overweight and 
obese PCOS subjects, at any age. Afterwards, repeated measure-
ment should be dictated by the results and the global CV profile 
risk.14 In addition, all the PCOS patients should have annual 
blood pressure measurements.14 Although the risk of CV mor-
bidity and mortality of PCOS patients is still equivocal, the 
prevalence of CVD risk factors is increased, suggesting high 
awareness and considering screening of risk factors considera-
tion (https://www.monash.edu/medicine/sphpm/mchri/pcos/
resources/practice-tools-for-health-practitioners).14

However, PCOS and its related CV morbidity and mortal-
ity are determined not only by environmental factors and life 
style behaviour but also by genetic factors. Recently, genome-
wide meta-analysis and linkage disequilibrium score regres-
sion, in more than 10 000 PCOS patients, found genetic 
associations with fasting insulin, type 2 diabetes, obesity, lipids 
and lipoprotein profile, and coronary artery morbidity, aug-
menting the common genetic trait between metabolic disor-
ders and PCOS.15 Mendelian randomization analyses indicated 
that variants associated with fasting insulin, age of menopause, 
BMI, male-pattern alopecia, and depression may have a patho-
physiologic role in the PCOS.15 Furthermore, an increased risk 
of mortality due to fatal coronary heart disease has been attrib-
uted to PCOS in a prospective study.16

The Clinical Application of High CRP in PCOS
We, and others, have found significantly higher CRP levels in 
PCOS patients versus controls.9,10 The CRP concentrations, in 
our study, were significantly higher in both the lean PCOS 
patients (BMI < 25), as well as in the obese PCOS group 
(BMI > 30) versus the control patients of comparable BMI 
(P < 0.001).10 Our study, in 201 subjects (117 PCOS patients 
and almost a hundred controls, Figure1) suggested that CRP 
might indeed be a marker of possible prospective identification 
of young PCOS women prone to ultimately suffer CVD when 
they get older.10

Recently, Kalyan et al17 have shown that the ratio of CRP to 
albumin is a more accurate and stronger correlate of PCOS 
compared with both free androgens and insulin resistance. 
These investigators have found that the CRP/albumin ratio 
had a higher specificity and sensitivity for inflammation associ-
ated with metabolic dysfunction than insulin resistance and 
androgens in matched PCOS patients.17

Although none of our PCOS subjects10 had any sign of 
inflammation, the higher erythrocyte sedimentation rate in the 
PCOS patients versus controls supports the study by Kelly 

et al9 suggesting a chronic subclinical inflammatory process as 
an underlying mechanism of atherosclerosis in PCOS.10,18

Visceral/abdominal fat distribution is independently associ-
ated with low-grade inflammation. Is this a cause or effect for 
increased CRP levels in women with PCOS? Compared with 
controls, PCOS patients have increased CRP/albumin ratio 
irrespective of the BMI.17 This finding supports the view that 
inflammation may be a central pathophysiologic player in 
PCOS, independent of BMI and adiposity.

Variability in CRP concentrations may reflect genetic poly-
morphism in its gene, in addition to environmental parameters.19 
It is beyond the scope of this editorial to laboriously discuss the 
CRP polymorphism. Nevertheless, such polymorphism may be 
important in establishing the role of CRP as a sensitive and 
accurate predictor of CVD, in addition to validating the cause 
and effect relationship between CRP and CV morbidity.19

A busy reproductive endocrinology and infertility clinic 
may look after thousands or many hundreds of PCOS patients. 
For such a prevalent syndrome as PCOS (7%-20%), it is practi-
cally impossible to closely follow up and tightly control thou-
sands or many hundreds of PCOS patients, for future CV risks, 
measure their blood pressure and lipid profile, and monitor 
their lifestyle frequently, as suggested.14 Therefore, a practical 
compromise may be to concentrate on those PCOS patients 
with high CRP and other markers of CVD.10 These patients 
should be more closely and aggressively monitored for their 
lifestyle (obesity, exercise, smoking, diet), and when not suc-
cessful, consider the addition of insulin sensitizers such as met-
formin, aspirin, and/or statins.10 Therefore, treatment regimens 
directed towards lowering CRP levels (such as diet, smoking 
cessation, exercise, blood pressure control, low-dose aspirin, 
metformin, and possibly statins) should probably be more 
aggressive for those PCOS women with increased CRP lev-
els.10 Whether this attitude may indeed lower the future CV 
morbidity and mortality in PCOS patients remains to be 
determined by future prospective randomized trials.

Figure 1. Significantly higher prevalence of high C-reactive protein level 

(>5 mg/L) in polycystic ovary syndrome (PCOS) patients compared with 

age- and body mass index–adjusted controls.
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