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Aims: Studies have suggested that polycystic ovary syndrome (PCOS) is associated with increased
cardiovascular risk. The aim of this study was to examine cardiovascular risk profiles in women with PCOS
compared with healthy age and weight matched control subjects using novel biochemical and biophysical
markers.
Methods: After ethics committee approval, 11 women with PCOS and 12 controls were recruited (mean
age, 32; SD, 6.5 years; mean body mass index (BMI), 33.1; SD, 5.9 kg/m2). Serum was analysed for
lipid and lipoprotein profile (total and high density lipoprotein cholesterol, triglycerides, apolipoprotein
B-100, apolipoprotein A1, lipoprotein (a)), and sialic acid, fibrinogen, homocysteine, and C reactive
protein (CRP) concentrations. Endothelial function was also assessed by a standard venous occlusion
plethysmography technique to measure reactive hyperaemic forearm blood flow (RH), and expressed as
per cent increase from baseline.
Results: There were no significant differences in glucose, lipid, or lipoprotein concentrations between the
two groups. Furthermore, sialic acid (PCOS: mean, 70.5; SD, 149 mg/litre; controls: mean, 71.3; SD,
112 mg/litre), fibrinogen (PCOS: mean, 3.1; SD, 1.0 g/litre; controls: mean, 3.3; SD, 0.7 g/litre), CRP
(PCOS: mean, 4.6; SD, 4.2 mg/litre; controls: mean, 5.4l SD, 5.5 mg/litre), and RH (PCOS: mean,
158.7; SD, 135.5%; controls: mean, 200.1; SD, 114.2%) were similar.
Conclusions: There were no differences in surrogate markers of the processes linked to enhanced
cardiovascular risk between patients with PCOS and weight matched controls.

T
here is increasing evidence that patients with polycystic
ovary syndrome (PCOS) have increased cardiovascular
risk compared with age matched controls. It has been

estimated that myocardial infarction is seven times more
likely in patients with PCOS,1 and cardiac catheterisation
studies have shown more extensive coronary artery disease in
these patients than in women with normal ovaries.2

Furthermore, significant subclinical carotid atherosclerosis
has been demonstrated on carotid artery ultrasound in
women with PCOS.3 4

This increased cardiovascular risk is probably the result, in
part, of the metabolic disturbance associated with PCOS.
Dyslipidaemia, diabetes, and obesity are all potent cardio-
vascular risk factors that tend to cluster in women with
PCOS. However, it is not known whether the increased
cardiovascular risk seen in PCOS is mediated through obesity
per se or is independent of body mass index (BMI) and the
result of other metabolic factors.

‘‘Dyslipidaemia, diabetes, and obesity are all potent
cardiovascular risk factors that tend to cluster in women
with polycystic ovary syndrome’’

In recent years, interest has grown in novel biochemical
and biophysical markers of cardiovascular risk. C reactive
protein (CRP) has been shown to be a good predictor of
vascular events. In addition to being a marker of inflamma-
tion, there is evidence that CRP may have a direct role in
atherogenesis via adhesion molecule expression, complement
activation, and mediation of low density lipoprotein (LDL)
uptake by macrophages.5 Sialic acid has been proposed as
a predictor of cardiovascular mortality, although the reason
for this association remains unclear.6 7 Similarly, raised
fibrinogen8 and homocysteine9 10 concentrations have been

associated with an increased risk of ischaemic heart disease
and atherosclerosis. Fibrinogen may promote cardiovascular
disease by a variety of mechanisms including increased blood
viscosity, thrombus formation, or platelet aggregation.8

Homocysteine is postulated to damage the vascular endothe-
lium directly.11 Finally, microalbuminuria is a well estab-
lished predictor of cardiovascular morbidity in the diabetic,
and possibly the non-diabetic, population.12 13 Endothelial
dysfunction is thought to occur at a very early stage of
atherosclerotic plaque development, and is an early marker
for atherosclerosis.14 It is now possible to investigate
endothelial dysfunction in vivo using several techniques,
including venous plethysmography to examine reactive
hyperaemia (RH).15

To date, few studies investigating processes linked to
increased cardiovascular risk in PCOS have collectively used
novel biophysical and biochemical techniques. Such results
have been conflicting, in part because of the inadequately
matched characteristics of the PCOS and control groups
(particularly with reference to weight). There have been no
studies assessing RH responses in this population.
Consequently, we set out to compare these biochemical
markers between women with PCOS and an age and weight
matched control group.

AIM
To examine whether women with PCOS exhibit endothelial
dysfunction or increased susceptibility to atherothrombosis
or vascular inflammation independent of BMI.

Abbreviations: ACR, albumin–creatinine ratio; BMI, body mass index;
CRP, C reactive protein; CV, coefficient of variation; HDL, high density
lipoprotein; LDL, low density lipoprotein; PCOS, polycystic ovary
syndrome; RH, reactive hyperaemia
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SUBJECTS AND METHODS
Subjects
Our study comprised two groups of women (11 with PCOS
and 12 controls) between the ages of 18 and 50 years old
(premenopausal women). Patients with PCOS were recruited
from the endocrine and gynaecological clinics of Portsmouth
Hospitals, UK. PCOS was defined as an ovarian ultrasound
diagnosis, with a history of menstrual disturbance (amenor-
rhoea/oligomenorrhoea), in association with raised serum
testosterone and luteinising hormone, and a low or normal
follicle stimulating hormone.16 Control subjects were healthy
volunteers with a normal menstrual cycle and with no
clinical or biochemical features of hyperandrogenism,
thereby excluding the diagnosis of PCOS in this group.
Controls were recruited from hospital staff and were matched
with the patients for age and weight. Local ethical committee
approval was given before the start of the study. Written
consent was obtained from every subject. A full medical,
family, and drug history was taken. The Rose questionnaire17

was used to screen for cardiovascular disease. A full clinical
examination, including measurement of BMI, waist circum-
ference, and waist to hip ratio, and an electrocardiogram
were performed. Subjects were excluded if there was clinical
(Rose questionnaire) or electrocardiographic evidence of
coronary artery disease, a family history of coronary artery
disease, a history of smoking, or concurrent oestrogen,
antihypertensive, or lipid lowering medication. Therefore,
we deliberately chose a group of patients with PCOS who had
no cardiovascular risk factors that may have confounded the
interpretation of the results.

Laboratory tests and endothelial function
A fasting blood sample was drawn on day five of each
subject’s menstrual cycle for plasma hormone profile
(luteinising hormone, follicle stimulating hormone, oestra-
diol, testosterone, free androgen index, androstenedione),
CRP, glucose, sialic acid, fibrinogen, homocysteine, and lipid
profile (total cholesterol, triglyceride and lipoproteins; high
density lipoprotein (HDL) cholesterol, apolipoprotein B-100,
apolipoprotein AI, and lipoprotein (a)). An early morning
urine sample was sent for albumin–creatinine ratio (ACR)
measurement.18 Lipid and lipoprotein measurements were
analysed by automated techniques on a Cobas Fara 2
analyser and fibrinogen and high sensitivity CRP on a
Behring BN2 analyser (interassay coefficient of variation
(CV), 2.7% and 4.4% for fibrinogen and CRP, respectively).
Sialic acid was measured by a previously described colori-
metric method on a Cobas Fara 2 analyser (interassay CV,
3.1%).19 Homocysteine was measured by stable isotope dilu-
tion and electrospray tandem mass spectrometry (interassay

CV, 7% at 12 mmol/litre).20 The intraassay CVs for all the
biochemical analyses were less than 10%.
Endothelial function was assessed using a standard venous

occlusion plethysmography technique to measure forearm
blood flow.21 Forearm blood flow was measured at rest
(baseline), and during RH. To induce RH, blood flow to the
forearm was prevented by the inflation of a cuff on the upper
arm to suprasystolic pressure (20 mm Hg above systolic blood
pressure).15 The duration of arterial occlusion was five
minutes. Ten seconds after the release of the cuff, the
forearm blood flow was remeasured and recorded continu-
ously for two minutes, or until the forearm blood flow
returned to baseline values. RH was taken as the first three
recordings of blood flow after cuff release.

Statistical analysis
Unpaired t tests were used to compare biochemical and
biophysical variables in both groups. Pearson’s correlation
coefficients were calculated to assess correlations between
subject characteristics and the novel markers of cardiovas-
cular risk measured. Significance was taken as 5%.

RESULTS
Table 1 shows the clinical characteristics and hormone
profiles of the two groups. There were no significant
differences between the groups in age, BMI, waist circum-
ference, or waist to hip ratio. All subjects were above ideal
body weight (BMI . 25). Table 2 shows the results of the
biochemical markers of cardiovascular risk and the RH
forearm blood flow. The results were normally distributed
and are expressed as mean (SD). There were no significant
differences in lipid or lipoprotein concentrations between the
two groups. Furthermore, sialic acid, fibrinogen, homocys-
teine, and CRP were similar. Although there was a significant
difference in fasting blood glucose between the two groups
neither group was diabetic. Basal forearm blood flow and RH,
expressed as percentage change in blood flow, were not
significantly different between the two groups. There were no
significant correlations between RH and BMI, weight, waist
to hip ratio, or the novel biochemical risk markers in either
group.

DISCUSSION
The main findings of our study were that there were no
differences in endothelial function, as measured by RH, or
any of the biochemical parameters that assess atherothrom-
bosis risk or vascular inflammation in women with PCOS
compared with age and weight matched controls.
Although it has been suggested that the increased

cardiovascular risk seen in PCOS may be the result, in part,
of endothelial dysfunction,22 we found no differences in

Table 1 Baseline characteristics and hormone profiles of subjects

PCOS (n = 11) Controls (n = 12) p Value

Age (years) 33.5 (6.1) 30.7 (6.7) 0.31
Weight (kg) 92.4 (21.1) 84.4 (12.4) 0.28
BMI (kg/m2) 35.3 (6.8) 31.0 (4.1) 0.08
Waist circumference (cm) 102.4 (19.6) 93.5 (13.5) 0.21
Waist to hip ratio 0.9 (0.1) 0.8 (0.1) 0.48
Systolic BP (mm Hg) 125 (17) 120 (11) 0.28
Diastolic BP (mm Hg) 77 (12) 67 (10) 0.06
Testosterone (nmol/l) 2.8 (1.1) 1.8 (0.5) 0.02
Free androgen index 10.6 (5.5) 3.9 (1.5) 0.004
SHBG (nmol/l) 28.5 (6.5) 53.1 (15.5) 0.0003
LH (IU/l) 11.0 (3.5) 4.2 (2.4) 0.004
FSH (IU/l) 5.3 (1.2) 3.7 (1.8) 0.03

Values are mean (SD).
BMI, body mass index; BP, blood pressure; FSH, follicle stimulating hormone; LH, luteinising hormone; PCOS,
polycystic ovary syndrome; SHBG, steroid hormone binding globulin.
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endothelial function between women with PCOS and age and
weight matched controls. Two previous studies have exam-
ined endothelial function in PCOS. Mather et al, using
brachial artery ultrasound, found no evidence of endothelial
dysfunction in healthy women with PCOS compared with age
but not weight matched controls.23 Conversely, Paradisi et al,22

using leg blood flow responses to the vasodilator methacho-
line chloride, compared age and weight matched controls
with obese patients with PCOS. They were able to demon-
strate endothelial dysfunction in the patients with PCOS
compared with the control group. The reasons for these
discrepant findings remain unclear. It is possible that the
slightly differing exclusion criteria and baseline character-
istics of the subjects in these studies may have affected the
results. Paradisi et al did not exclude smokers and neither
study was performed at a predetermined point in the
subjects’ menstrual cycle. Another possible contributory
factor to the discordant results is insulin resistance. Insulin
resistance, hyperinsulinaemia, and obesity are all seen in
patients with PCOS.24 However, the association between
these metabolic factors is not straightforward because insulin
resistance is seen equally in both obese and non-obese
women with PCOS.24 25 Peripheral insulin resistance is linked
to both atherosclerotic processes26 and, in the healthy obese,
to endothelial dysfunction.27 Therefore, it is conceivable that
endothelial dysfunction is only present in insulin resistant
women with PCOS. This question was addressed in the
Paradisi and Mather studies22 23; however, the results were
conflicting and the issue remains unresolved.

‘‘We found no differences in endothelial function between
women with polycystic ovary syndrome and age and
weight matched controls’’

An alternative explanation that has been postulated for the
increased cardiovascular risk in PCOS is hyperandrogenism.
Possible underlying pathophysiological mechanisms include
a correlation between free testosterone and systolic blood
pressure,28 and a link between increased androgens and
abnormal lipid metabolism.29 However, the association
between hyperandrogenism and cardiovascular risk is not
universally accepted.29

None of the novel surrogate biochemical markers of
cardiovascular risk was raised in our women with PCOS. To
our knowledge, there are no data on sialic acid concentra-
tions or ACRs in patients with PCOS. CRP has previously
been shown to be higher among patients with PCOS than in
controls.30 Unfortunately, these results are confounded by the

observation that both groups contained smokers, and
smoking is associated with raised CRP concentrations.31 32

One study of homocysteine showed raised homocysteine
concentrations in non-obese (BMI, 30 kg/m2) patients with
PCOS compared with controls.33 However, it is difficult to
compare this with our present study because our subjects
were obese. Fibrinogen concentrations in patients with PCOS
have been assessed previously, with some discordance of
results. Atiomo et al found higher concentrations of fibrino-
gen in patients with PCOS compared with controls.34

However, the authors have questioned the interpretation of
these data because the participants of the study were not
weight matched. Two other studies have shown no increases
in fibrinogen concentrations in non-obese women with PCOS
compared with weight matched controls.35 36 Although our
study participants were more obese than those of Atiomo
et al, our findings were similar. Dahlgren et al found a positive
correlation between BMI and fibrinogen concentrations,35

and it may be that our study subjects were not sufficiently
obese to demonstrate raised fibrinogen concentrations.
We found no differences in the lipoprotein parameters of

our patients with PCOS compared with the control group.
Several previous studies have shown high triglyceride and
low HDL values in women with PCOS compared with
controls, a pattern that is typical of insulin resistance.36 37

This combination of lipid parameters is known to be
particularly atherogenic and, in women with PCOS, cannot
be explained solely by obesity. One possible explanation is
reduced insulin sensitivity. This is supported by the observa-
tion that the typical disturbance of lipid parameters seen in
PCOS (high triglycerides, high LDL, and low HDL) is
associated with the presence of insulin resistance.37 38

There were limitations to our study. First, we did not
directly measure insulin sensitivity. However, because our
patients were matched for weight and displayed no other
characteristics typical of the insulin resistant state (dyslipi-
daemia, hypertension, and abnormal fasting glucose), the

Table 2 Biochemical markers of cardiovascular risk and RH forearm blood flow

PCOS (n = 11) Controls (n = 12) p Value

Glucose (mmol/l) 4.7 (0.3) 5.1 (0.4) 0.02
ACR (mg/mmol) 2.0 (2.4) 2.1 (5.3) 0.93
Cholesterol (mmol/l) 5.6 (1.4) 4.7 (0.9) 0.11
Triglyceride (mmol/l) 1.8 (1.3) 1.0 (0.5) 0.09
HDL (mmol/l) 1.1 (0.4) 1.2 (0.2) 0.38
Apolipoprotein AI (g/l) 1.4 (0.3) 1.5 (0.2) 0.24
Apolipoprotein B-100 (g/l) 1.1 (0.4) 0.9 (0.3) 0.21
Lipoprotein a (g/l) 0.05 (0.08) 0.1 (0.11) 0.22
Fibrinogen (g/l) 3.1 (1.0) 3.3 (0.7) 0.55
Sialic acid (mg/l) 705 (149) 713 (112) 0.88
CRP (mg/l) 4.6 (4.2) 5.4 (5.5) 0.73
Homocysteine (mmol/l) 10.5 (3.3) 9.4 (2.0) 0.35
Basal forearm blood flow (ml/100 ml/min) 3.2 (6.6) 1.0 (0.6) 0.27
RH blood flow (ml/100 ml/min) 9.5 (21.7) 2.8 (1.8) 0.3
% Change in blood flow 158.7 (135.5) 200.1 (114.2) 0.44

ACR, albumin–creatinine ratio; CRP, C reactive protein; HDL, high density lipoprotein; PCOS, polycystic ovary
syndrome; RH, reactive hyperaemia.

Take home messages

N There have been reports of increased cardiovascular
risk in subjects with polycystic ovary syndrome (PCOS)

N However, we found no differences in surrogate
markers of the processes linked to enhanced cardio-
vascular risk between patients with PCOS and weight
matched controls
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PCOS and control groups were probably similarly insulin
resistant. The second limitation of our study is that we did
not examine lean controls. However, the homocysteine,
fibrinogen, ACR, sialic acid, and CRP values in our study
groups were similar to those seen in control groups matched
for weight from other studies. If it is obesity rather than
PCOS that determines the concentrations of cardiovascular
risk markers then we would expect lower concentrations in
lean patients.
In conclusion, none of the markers associated with

increased risk of atherothrombosis, endothelial dysfunction,
or vascular inflammation differed between women with
PCOS and weight matched controls.
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7 Lindberg G, Råstam L, Gullberg B, et al. Serum sialic acid concentration
predicts both coronary heart disease and stroke mortality: multivariate
analysis including 54385 men and women during 20.5 years follow-up.
Int J Epidemiol 1992;21:253–7.

8 Benderly M, Graff E, Reicher-Reiss H, et al. Fibrinogen is predictor of mortality
in coronary heart disease patients. Arterioscler Thromb Vasc Biol
1996;16:351–6.

9 Graham I, Meleady R. Heart attacks and homocysteine. BMJ
1996;313:1419–20.

10 Danesh J, Lewington S. Plasma homocysteine and coronary heart disease.
Systematic review of published epidemiological studies. J Cardiovasc Risk
1998;5:229–92.

11 Eikelboom JW, Lonn E, Genest J, et al. Homocyst(e)ine and cardiovascular
disease: a critical review of the epidemiological evidence. Ann Intern Med
1999;131:363–75.

12 Mogensen CE. Microalbuminuria predicts clinical proteinuria and early
mortality in maturity onset diabetes. N Engl J Med 1984;310:356–65.

13 Winocour PH, Harland JO, Millar JP, et al. Microalbuminuria and associated
cardiovascular risk factors in the community. Atherosclerosis 1992;93:71–8.

14 Ruschitzka FT, Noll G, Luscher TF. The endothelium in coronary artery
disease. Cardiology 1997;88(suppl 3):3–19.

15 Tagawa T, Imaizumi T, Endo T, et al. Role of nitric oxide in reactive
hyperaemia in human forearm vessels. Circulation 1994;90:2285–90.

16 Franks S. Polycystic ovary syndrome. J R Coll Physicians Lond
1998;32:111–13.

17 Rose G, Blackburn H, Gillum RF, et al. Cardiovascular survey methods, 2nd
ed. Geneva: WHO, 1982.

18 Powrie JK, Watts GF, Ingham JN, et al. Role of glycaemic control in
development of microalbuminuria in patients with insulin dependent diabetes.
BMJ 1994;309:1608–12.

19 Crook M, Haq M, Tutt P. Evaluation of three assays for the determination of
serum total sialic acid. Clin Biochem 1993;26:449–54.

20 Magera MJ, Lacey JM, Casetta B, et al. Method for the determination of total
homocysteine in plasma and urine by stable isotope dilution and electrospray
tandem mass spectrometry. Clin Chem 1999;45:1517–22.

21 Greenfield ADM, Whitney RJ, Mowbray JF. Methods for the investigation of
peripheral blood flow. Br Med Bull 1963;19:101–9.

22 Paradisi G, Steinberg HO, Hempfling A, et al. Polycystic ovary syndrome is
associated with endothelial dysfunction. Circulation 2001;103:1410–15.

23 Mather JK, Verma S, Corenblum B, et al. Normal endothelial function despite
insulin resistance in healthy women with the polycystic ovary syndrome. J Clin
Endocrinol Metab 2000;85:1851–6.

24 Dunaif A. Insulin resistance and the polycystic ovary syndrome: mechanism
and implications for pathogenesis. Endocr Rev 1997;18:774–800.

25 Dunaif A, Segal KR, Futterweit W, et al. Profound peripheral insulin
resistance, independent of obesity, in polycystic ovary syndrome. Diabetes
1989;38:1165–74.

26 Haffner SM. Epidemiology of insulin resistance and its relation to coronary
artery disease. Am J Cardiol 1999;84:11J–14J.

27 Steinberg H, Chaker H, Leaming R, et al. Obesity/insulin resistance is
associated with endothelial dysfunction. Implications for the syndrome of
insulin resistance. J Clin Invest 1996;97:2601–10.

28 Phillips GB, Pinkernell BH, Jing TY. Relationship between serum sex hormones
and coronary artery disease in postmenopausal women. Arterioscler Thromb
Vasc Biol 1997;17:695–701.

29 Wu FCW, von Eckardstein A. Androgens and coronary artery disease. Endocr
Rev 2003;24:183–217.

30 Kelly CC, Lyall H, Petrie JR, et al. Low grade chronic inflammation in women
with polycystic ovarian syndrome. J Clin Endocrinol Metab 2001;86:2453–5.

31 Bermudez EA, Rifai N, Buring J, et al. Interrelationships among circulating
interleukin-6, C-reactive protein, and traditional cardiovascular risk factors in
women. Arterioscler Thromb Vasc Biol 2002;22:1668–73.

32 Danesh J, Muir J, Wong Y-k, et al. Risk factors for coronary heart disease and
acute-phase proteins. A population-based study. Eur Heart J 1999;20:954–9.

33 Yarali H, Yildirir A, Aybar F, et al. Diastolic dysfunction and increased
homocysteine concentrations may contribute to increased cardiovascular risk
in patients with polycystic ovary syndrome. Fertil Steril 2001;76:511–16.

34 Atiomo WU, Bates SA, Condon JE, et al. The plasminogen activator system in
women with polycystic ovary syndrome. Fertil Steril 1998;69:236–41.

35 Dahlgren E, Janson PO, Johansson S, et al. Hemostatic and metabolic
variables in women with polycystic ovary syndrome. Fertil Steril
1994;61:455–60.

36 Wild RA, Painter PC, Coulson PB, et al. Lipoprotein lipid concentrations and
cardiovascular risk in women with polycystic ovary syndrome. J Clin
Endocrinol Metab 1985;61:946–51.

37 Robinson S, Henderson AD, Gelding SV, et al. Dyslipidaemia is associated
with insulin resistance in women with polycystic ovary syndrome. Clin
Endocrinol 1996;44:277–84.

38 Slowinska-Srzednicka J, Zgliczynski S, Wierzbicki M, et al. The role of
hyperinsulinaemia in the development of lipid disturbances in nonobese and
obese women with polycystic ovary syndrome. J Endocrinol Invest
1991;14:569–75.

154 Bickerton, Clark, Meeking, et al

www.jclinpath.com


