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Abstract. – OBJECTIVE: Polycystic ovary
syndrome (PCOS) is a prevalent disease with
many potential long-term cardiovascular risks.
P-wave dispersion (Pdis) and QT dispersion
(QTdis) have been shown to be noninvasive
electrocardiographic predictors for develop-
ment of cardiac arrhythmias. In this study we
aimed to search Pdis and QTdis parameters in
patients with PCOS.

PATIENTS AND METHODS: The study includ-
ed 82 patients with PCOS and 74 age- and sex-
matched healthy controls. Baseline 12-lead
electrocardiographic and transthoracic
echocardiographic measurements were evalu-
ated. P-wave maximum duration (Pmax), P-
wave minimum duration (Pmin), Pdis, QT inter-
val, heart rate-corrected QT dispersion and QT-
dis were calculated by two cardiologists.

RESULTS: Patients wirh PCOS had signifi-
cantly higher QT dispersion (49.5 ± 14.1 vs. 37.9
± 12.6 ms, p < 0.001), and P wave dispersion
(54.2 ± 11.4 vs. 45.9 ± 10.1 ms, p < 0.001) than
the controls. Serum testosterone and estradiol
levels was correlated with the Pdis (r = 0.677, p
< 0.001 and r = 0.415, p < 0.001 respectively)
and QTdis (r = 0.326, p < 0.001 and r = 0.321, p <
0.001 respectively).

CONCLUSIONS: Pdis and QTdis are simple
and useful electrocardiographic markers which
may be used in the prediction of the risk of ad-
verse cardiovascular events in PCOS patients.

Key Words:
Polycystic ovary syndrome, P-wave dispersion, QT dis-

persion.

Introduction

Polycystic ovary syndrome (PCOS) is the most
frequent endocrinal disorder seen in women of re-
productive age and characterized by chronic
anovulation and hyperandrogenism1. PCOS affects
5-10% of the population and it is not only an en-
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docrinopathologic disorder but also a metabolic
syndrome associated with the subclinical markers
of premature cardiovascular diseases including di-
abetes mellitus (DM), hypertension (HT), dyslipi-
demia, endothelial dysfunction, and atherosclero-
sis2. Decreased vagal and increased sympathetic
activity have been reported in PCOS patients and
PCOS has been found to be associated with car-
diac conduction system disorders that may further
increase the risk of cardiovascular events3.

P-wave dispersion (Pdis) is defined as the differ-
ence between the longest and the shortest P-wave
duration on 12-lead electrocardiography (ECG)
and it is a noninvasive marker developed for the
determination of the heterogeneity of atrial depo-
larization4. Patients with PCOS have prolonged
Pmax and Pdis. The increase in these parameters may
be an indicator of patients at increased risk of atrial
fibrillation (AF)5. QT dispersion (QTdis), defined as
the difference in QT interval among the different
leads of the standard 12-lead ECG, is used for the
assessment of the homogeneity of myocardial re-
polarization. Increased QTdis has been reported in
various cardiac pathologies including myocardial
ischemia, heart failure, and left ventricular hyper-
trophy. Moreover, increased QTdis is a risk factor
for life-threatening ventricular arrhythmia, syn-
cope, and sudden cardiac death6.

In the present study, we aimed to compare Pdis

and QTdis in patients with PCOS and in healthy
volunteers, as predictors of cardiovascular
events.

Patients and Methods

Patients
The cross-sectional observational study includ-

ed 82 women with PCOS and 74 age- and body
mass index-matched healthy women. All the
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PCOS patients met the European Society for Hu-
man Reproduction and Embryology/American
Society for Reproductive Medicine diagnostic cri-
teria for PCOS. The patients with known cardio-
vascular disease, thyroid disease, neoplasms,
pregnancy or breast-feeding, smoking, chronic al-
cohol consumption, DM, HT, and renal impair-
ment were excluded from the study. None of the
patients were on any medication or undertaking
oral contraceptives or other hormonal therapy, an-
tihypertensive medication, or drugs that may have
effects on conduction system for a minimum of 3
months prior to the study. A full physical exami-
nation and 12-lead ECG and transthoracic
echocardiographic evaluation were performed in
all the subjects. The subjects were studied during
the early follicular phase (3-5 days) of their men-
strual cycle, and in the PCOS group, 3-5 days af-
ter a spontaneous menses or independent of cycle
phase in the presence of amenorrhea. The study
complies with the Declaration of Helsinki and the
experimental protocol was approved by the local
Ethics Committee. All the subjects were informed
regarding the purpose of the study and provided
written informed consent.

Blood samples were collected after an
overnight 12-h fasting to assess the levels of
blood glucose, testosterone, estradiol, elec-
trolytes, luteinizing hormone (LH), total choles-
terol (TC), follicle-stimulating hormone (FSH),
high-density lipoprotein cholesterol (HDL-C),
and triglyceride. The calculation of low-density
lipoprotein cholesterol (LDL-C) was achieved
using the Friedewald equation.

All patients underwent a transthoracic exami-
nation. The echocardiographic examination was
performed at rest, with the patient at left lateral
decubitus position in accordance with the guide-
lines of the American Society of Echocardiogra-
phy, by using a commercially available echocar-
diographic device (Vivid 3, General Electric,
Milwaukee, WI, USA) with a 3-MHz transducer,
by two experienced echocardiographers who
were blinded to the study.

Analysis of the Electrocardiograms
Twelve-lead ECGs were received after a 10-

minute resting period, with 20 mm/mV ampli-
tude and 50 mm/s rate with standard lead posi-
tions in a supine position using a commercially
available machine (Marquette Case, Hellige
Medical System, Cardiosmart, Hellige Instru-
ment Company, Freiburg, Germany). The assess-
ment of ECGs was achieved manually by the use
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of a magnifying glass by two cardiologists who
were blinded to the study. The start and end of
the P-wave were defined as the points where the
initial and final deflections of the P-wave crossed
the isoelectric line, respectively. Pdis was defined
as the difference between maximum and mini-
mum P-wave duration. QT intervals were defined
as the intervals between the start of the QRS
complex and the end of the T-wave, which was
identified as its return to the TP baseline. In the
presence of U-waves, the QT interval was as-
sessed to the lowest point of the curve between
the T- and U-waves. The R-R interval was as-
sessed and used for measuring the heart rate and
to compute QT corrected (QTc) interval by using
Bazett’s formula. QTdis was defined as the differ-
ence between the maximum and minimum QTc
intervals in different leads.

Intra- and inter-observer mean percent mistake
for Pdis and QTdis measurements were determined
in 100 randomly selected participants (50 pa-
tients/50 controls). Intra-observer mean percent
mistake was smaller than 5% for Pdis and smaller
than 4% for QTdis. Inter-observer mean percent
mistake were smaller than 6% for Pdis and smaller
than 5% for QTdis.

Statistical Analysis
Data were analyzed using SPSS 17.0 for Win-

dows (SPSS Inc, Chicago, IL, USA). Continuous
variables were expressed as mean ± standard de-
viation (SD) and the categorical variables were
shown as percentages. Chi-square test and un-
paired t-test were used for comparing the categor-
ical and continuous variables between the two
groups, respectively. The Pearson and Spearman
correlation test was used for the correlations be-
tween P-wave parameters and clinical parameters.
A p value of <0.05 was considered significant.

Results

A total of 156 patients (82 patients with PCOS
and 74 control subjects) were included in the pre-
sent study. Baseline demographic, clinical, and
laboratory characteristics of the study groups
were presented in Table I. Both groups were
matched according to age and BMI. There were
no significant differences between the groups in
terms of smoking status, heart rate, waist circum-
ference, systolic and diastolic blood pressure,
lipid levels, electrolyte levels and blood levels,
fasting glucose, LH and estradiol levels. Patients
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with PCOS had higher serum testosterone and
estradiol levels (95.6 ± 55.9 vs. 49.6 ± 41.3
p<0.001 and 51.3 ± 16.6 vs. 48.6 ± 18.2
p=0.075, respectively) than the control subjects.
However, serum follicular stimulating hormone
(FSH) levels were lower in PCOS patients than
in the control group (5.5 ± 1.6 vs. 6.6 ± 1.4
p=0.013).

The conventional echocardiographic measure-
ments of the study population were shown in
Table II. LV ejection fraction, LV end-diastolic

PCOS (n=82) Controls (n=74) p

Age (years) 25.9 ± 5.7 26.4 ± 6.8 0.577
BMI (kg/m2) 26.4 ± 4.1 25.9 ± 5.9 0.220
Waist circumference (cm) 86.7 ± 16.5 85.4 ± 14.6 0.329
Waist/Hip ratio 0.82 ± 0.04 0.80 ± 0.03 0.372
Heart rate (beat/min) 76.2 ± 13.4 74.9 ± 12.3 0.408
Systolic BP (mmHg) 121.1 ± 17.2 119.8 ± 14.5 0.399
Diastolic BP (mmHg) 81.5 ± 11.6 80.7 ± 12.3 0.543
Fasting glucose (mg/dL) 91.3 ± 9.8 88.6 ± 10.1 0.145
Cholesterol (mg/dL) 184.9 ± 38.7 179.6 ± 42.5 0.392
Triglyceride (md/dL) 121.9 ± 66.6 118.6 ± 71.8 0.745
LDL (mg/dL) 114.7 ± 36.9 108.8 ± 36.9 0.272
HDL (mg/dL) 45.8 ± 12.3 47.1 ± 15.1 0.260
FSH (IU/L) 5.5 ± 1.6 6,6 ± 1.4 0.013
LH (IU/L) 7.2 ± 4.4 6.4 ± 6.7 0.091
Estradiol (pg/mL) 51.3 ± 16.6 48.6 ± 18.2 0.075
Testosterone (ng/dL) 95.6 ± 55.9 49.6 ± 41.3 <0.001
Sodium (mEq/L) 138.2 ± 4.1 137.9 ± 4.3 0.780
Potassium (mEq/L) 4.6 ± 0.8 4.5 ± 0.9 0.702
Magnesium (mEq/L) 1.8 ± 0.6 1.8 ± 0.4 0.671
Calcium (mEq/L) 9.5 ± 0.6 9.4 ± 0.8 0.785

Table I. Clinical characteristics and laboratory findings of the study population.

Data are presented as mean ± standard deviation. BMI: body mass index; BP: blood pressure; FSH: follicular stimulant hor-
mone; HDL: high-density lipoprotein; LH: luteinizing hormone; LDL: low-density lipoprotein; PCOS: polycystic ovary syn-
drome.

PCOS (n=82) Controls (n=74) p

LVEF (%) 65.5 ± 3.4 65.8 ± 3.1 0.296
LVEDD (cm) 4.68 ± 0.25 4.71 ± 0.31 0.484
LVESD (cm) 2.71 ± 0.21 2.74 ± 0.23 0.236
LA (cm) 3.0 ± 0.33 2.9 ± 0.28 0.282
E peak rate (m/s) 0.84 ± 0.11 0.82 ± 0.09 0.170
A peak rate (m/s) 0.73 ± 0.08 0.71 ± 0.07 0.152
E/A ratio 1.15 1.16 0.447
DT (ms) 171.8 ± 16.9 169.8 ± 14.6 0.316
IVRT (ms) 85.9 ± 8.4 83.7 ± 7.2 0.180

Table II. Echocardiographic measurements of the study population.

Data are presented as mean ± standard deviation. A: peak mitral valve flow velocity during atrial contraction; DT: deceleration
time of early phase of mitral valve flow; E: the peak mitral valve flow velocity during the early rapid filling phase; IVRT: iso-
volumetric relaxation time; LA: left atrial diameter; LVEDD: left ventricle end-diastolic diameter; LVESD: left ventricle end-
systolic diameter; LVEF: left ventricular ejection fraction; PCOS: polycystic ovary syndrome.

and end-systolic diameters, left atrial diameter, E
and A peak mitral valve flow velocity, decelera-
tion time of early phase of mitral valve flow and
isovolumetric relaxation time did not differ be-
tween the two groups.

The analysis of QT durations and P-wave
measurements were presented in Table III. Pa-
tients with PCOS, Pmax, Pdis, QTdis and QTcmax

were significantly increased compared to the
control group (98.9 ± 17.3 vs. 94.8 ± 13.5 ms,
p=0.009; 54.2 ± 11.4 vs. 45.9 ± 10.1 ms,
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p<0.001; 49.5 ± 14.1 vs. 37.9 ± 12.6 ms,
p<0.001, 448 ± 37.6 vs. 436 ± 32.5 ms, p=0.008,
respectively). In contrast, Pmin, QTmin, QTcmin, and
QTcmean were found to be decreased in patients
with PCOS compared to the control group (44.8
± 9.8 vs. 48.8 ± 10.3 ms, p<0.001, 339.1 ± 27.5
vs. 346.4 ± 24.6 ms, p=0.002, 392 ± 31.2 vs. 397
± 27.8 ms, p=0.064, 414± 33.7 vs. 417 ± 32.9
ms, p=0.082, respectively).

Serum testosterone levels were correlated with
the Pdis and QTdis (r=0.677, p<0.001 and r=0.326,
p<0.001, respectively) (Figures 1 and 2). More-
over, a positive correlation was found between
the serum estradiol levels and Pdis and QTdis

(r=0.415, p<0.001 and r=0.321, p<0.001, respec-
tively).

Discussion

In the present study, we demonstrated that pa-
tients with PCOS had significantly higher Pdis

and Qdis compared to the age- and sex-matched
healthy volunteers. Moreover, increased Pdis and
Qdis were found to be correlated with serum
testosterone and estradiol levels.

Women with PCOS presented an increased in-
cidence of cardiovascular risk factors such as di-
abetes mellitus, hypertension, dyslipidemia, en-
dothelial dysfunction, atherosclerosis, and hyper-
lipidemia7. Therefore, the incidence of long-term
cardiac events and stroke is higher in women
with PCOS compared to women without PCOS8.
Furthermore, most of the risk factors for PCOS
patients are also independent risk factors for the
development of atrial fibrillation, which is the
most common form of sustained cardiac tach-

yarrhythmia in clinical practice9. The risk of car-
dioembolic stroke is reported to be five times
higher in patients with AF compared to patients
without AF10. Groot et al11 conducted a meta-
analysis and demonstrated that the risk of coro-
nary heart disease and stroke was twice higher in
women with PCOS than in women without
PCOS. Similarly, Wild et al12 conducted a large-
scale study on PCOS patients and reported that
the risk of stroke was higher in those patients.

Pdis from the surface standard 12-lead ECG is a
simple and noninvasive electrocardiographic
marker used for evaluating the conduction disor-
ders of sinus impulses between the atria and for
measuring the heterogeneity of atrial depolariza-
tion13. Increased heterogenic electrical activity in
atria is a trigger for the development of cardiac
arrhythmias, particularly AF. Several studies
have reported that the risk of AF is increased in
PCOS14. The potential mechanism for this situa-
tion is as follows: impaired vascular endothelium
of atrial tissue might trigger the remodeling in
the atria and thus may result in atrial conduction
abnormality. Zehir et al15 demonstrated that atrial
electromechanical delay was prolonged in PCOS
patients. Tasolar et al16 reported that Pdis was sig-
nificantly higher in PCOS patients than in the
control subjects. Pdis has been used in numerous
studies in various clinical settings and mainly in
the determination of the risk of AF17. Our study
demonstrated that the patients with PCOS have
increased Pdis and these patients may be at high
risk for the development of reentrant cardiac ar-
rhythmias, particularly AF.

QTdis is a noninvasive electrocardiographic
method that measures homogeneity in ventricular
electrical activity18. Increased QTdis has been

PCOS (n=82) Controls (n=74) p

Pmax 98.9 ± 17.3 94.8 ± 13.5 0.009
Pmin 44.8 ± 9.8 48.8 ± 10.3 < 0.001
Pdis 54.2 ± 11.4 45.9 ± 10.1 < 0.001
QTmax 387.4 ± 32.4 384.4 ± 29.9 0.306
QTmin 339.1 ± 27.5 346.4 ± 24.6 0.002
QTdis 49.5 ± 14.1 37.9 ± 12.6 < 0.001
QTcmax 448 ± 37.6 436 ± 32.5 0.008
QTcmin 392 ± 31.2 397 ± 27.8 0.064
QTcmean 414± 33.7 417 ± 32.9 0.082

Table III. Electrocardiographic findings of the patients and controls subjects.

Data are presented as mean ± standard deviation. Pmax: maximum P-wave duration; Pmin: minimum P-wave duration; Pdis: P-
wave dispersion; PCOS: polycystic ovary syndrome; QTmax: maximum QT; QTmin: minimum QT; QTdis: QT dispersion.
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shown to be associated with ventricular arrhyth-
mia in patients with cardiac diseases including
heart failure, prolonged QT syndrome, dilated
cardiomyopathy, HT, left ventricular hypertro-
phy, and postmyocardial infarction19. Moreover,
several large-scale prospective studies20 have re-
ported the clinical and prognostic importance of
prolonged QTdis in various cardiac and noncar-
diac diseases. QT and QTc durations have been

found to be longer in healthy women compared
to healthy men21. Some other studies22 have also
shown that the QT interval is associated with
both endogenous and exogenous sex hormones.
Clinical data suggest that estrogen can cause pro-
longed QTdis

23. Experimental studies24 in animals
have revealed that estrogen leads to a prolonga-
tion in the QT duration and also in the repolariza-
tion phase of action potential by inhibiting the

Figure 1. Correlation between testos-
terone levels and P-wave dispersion.

Figure 2. Correlation between
testosterone levels and QT disper-
sion.



potassium current expression. A study25 on
healthy women reported that the QTc duration
measured with an increased estradiol level in the
follicular phase was higher than the QTc duration
measured in the luteal phase. Moreover, Kadish
et al26 found that the postmenopausal women re-
ceiving estrogen hormone replacement therapy
had a longer QTc interval compared to the
women not receiving that therapy. These changes
in QT interval and QTc durations have a direct
effect on QTdis. In our study, the PCOS patients
had higher estradiol levels and longer QTdis dura-
tions compared to the control subjects.

Observational and prospective studies have re-
ported an association between testosterone levels
and shorter ventricular repolarization. Zhang et
al27 demonstrated that the QT intervals were sig-
nificantly shorter in middle-aged men with the
highest quartile of endogenous total testosterone
compared to the men with the lowest quartile.
Charbit et al28 revealed that the QTc interval was
significantly shorter at high testosterone levels
than at low levels and a negative linear associa-
tion was found between QTc and testosterone
levels. Another study29 on PCOS patients report-
ed that the QTc duration was shorter and this du-
ration established a negative correlation with
testosterone levels. In our study, serum testos-
terone levels were elevated in patients with
PCOS and QTcmin and QTcmean duration were
lower in the PCOS group compared to the con-
trol subjects. Moreover, serum testosterone levels
were correlated with QT dispersion.

Our findings suggest that increase in serum
testosterone and estradiol levels may have an ef-
fect on atrioventricular electrical activity in pa-
tients with PCOS.

Conclusions

Our data showed that Pdis and QTdis were in-
creased in the PCOS patients and this increase
established a positive correlation with serum
estradiol and testosterone levels. Increased Pdis

and QTdis are risk factors for cardiovascular
events such as atrial fibrillation, stroke, ventricu-
lar tachyarrhythmias, and sudden cardiac death.
Thus, we suggest that Pdis and QTdis may be used
in the prediction of the risk of adverse cardiovas-
cular events in PCOS patients. Furthermore,
long-term prospective studies are needed to clari-
fy the clinical utility and prognostic importance
of Pdis and QTdis in patients with PCOS.
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