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Background: Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in women of reproductive age
group. The QTc interval duration, which is related to cardiac arrhythmia, sudden death, and a sign of cardiac autonomic
neuropathy, has not been investigated thoroughly in PCOS population.

Aim and Objectives: The aim of the present study was to investigate the potential alterations in electrocardiographic
(ECG)—QT parameters in lean and ideal weight young Indian patients with PCOS.

Material and Methods: Briefly, 24 classical PCOS diagnosed by Rotterdam 2003 Diagnostic criteria and were lean or
ideal weight as per WHO criteria and 24 BMI matched, age matched normally menstruating women served as study
participants. All of them underwent assessments clinically and by appropriate laboratory tests. Metabolic pattern was
assessed and ECG analysis was performed for evaluating QT interval, minimum and maximum QT interval (QTmax and
QTmin, respectively), QT dispersion (QTd), minimum and maximum QT interval corrected for heart rate (QTcmin and
QTcmax, respectively), corrected QT dispersion (QTcd), and QT/QTc ratio.

Results: QT (388 + 35 vs 431 + 53 ms, P-value < 0.01); QTmax (427 + 46 vs 467 + 64ms, P-value < 0.05); and QTmin
(355 + 4 vs 400 + 48 ms, P-value <0.001) were significantly different. QTd (65 + 32 vs 67 + 38 ms, P-value = 0.834);
QTc (454 + 34 vs 473 + 56 ms, P-value = 0.103), QTc max (492 + 37 vs 512 + 69 ms, P-value 0.216), QTc min (417 + 37
vs 439 + 50 ms, P-value = 0.072), and QTcd (76 + 34 vs 74 + 44 ms, P-value = 0.808) were not significantly different
between PCOS and healthy women.

Conclusion: Our data demonstrate no significant difference in QTc parameters in PCOS compared to healthy controls.
This shows PCOS may not be under increased risk of developing cardiac arrhythmias compared to control population.
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Introduction

Infertility shows an increasing trend among Indian women.
Polycystic ovary syndrome (PCOS), in which the ovaries
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produce male hormones, is a leading cause of infertility prob-
lems. PCOS is featured by hyperandrogenism and chronic
anovulation which has multifactorial causation, and the
etiology is unclear!l. Autonomic dysfunction may be an under
recognized cause of female fertility disorders.

In women of reproductive age group, the most common
endocrine disorder is PCOS. Briefly, 5-10% of premenopau-
sal women have hyper-androgenism, chronic anovulation,
and polycystic ovaries.?!

Hyperinsulinism and insulin resistance are important
risk factors concerned with PCOS. Decrease in insulin sen-
sitivity is present in both obese and non-obese patients.™
Briefly, 50% of women with PCOS have insulin resistance and
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40% are obese.>® Insulin resistance is an important risk factor
for coronary artery disease. PCOS, because of its association
with the presence of insulin resistance have increased risk
of diabetes mellitus, hypertension and adverse lipid profile.[®
Studies of lipid profile in PCOS women have found raised
triglycerides and decreased high density lipoprotein concen-
tration.®®! Therefore, PCOS may be related to an increased
cardiovascular disease risk.

PCOS women are found to have several cardiovascular
risk factors. The QTc interval duration, which gives ventricu-
lar repolarization is related to cardiac arrhythmia and sud-
den death, has not been investigated thoroughly in PCOS
population with no obesity. Increased QTc interval is a major
risk factor for the arrhythmias, coronary artery disease, and
sudden cardiac death.®! Measuring QTc interval is an effec-
tive method for evaluating cardiac sympathetic innervation.®
QT interval prolongation could be an additional sign of cardiac
autonomic neuropathy (CAN).l' Also data provide evidence
of degree of QTc interval prolongation and severity of CAN
are strongly related.®

Gonadal steroid are important determinants of gender-
related differences in ventricular repolarization.l'*-'2 QT inter-
val length is altered by cardiac calcium current and estrogens
play an important role in modulating the length of action poten-
tials.l"1%1 |t is found that in postmenopausal women, a com-
bination of estro-progestin replacement therapy decreases
QT dispersion."" QT dispersion is not affected by estrogen
administration, but it increases QT intervals.'"¥ Importance of
these electrophysiological changes in the heart in PCOS is to
be determined.

Few data are available on electrocardiogram (ECG) anal-
ysis in PCOS and are controversial.l'2'® Women with virili-
zation have exhibited shorter and faster repolarization than
normal women.!'? Alpaslan et al.’s work on 36 PCOS women
reported non-significant prolongation of QT intervals and
non-significantly increased QT dispersion, which could be
explained in the context that accompanying coronary artery
disease may be cause for these electrophysiological cardiac
changes than the PCOS problem itself.['%!

Hence, the present sectional case—control study was
designed to investigate the potential alterations in ECG pat-
tern in patients with PCOS. The objective of the present study
was to know whether QT parameters were altered in lean and
normal weight young Indian PCOS patients, which may reflect
dysfunction in autonomic nervous system. It was hypothesized
that the PCOS are associated with altered QT parameters.

Material and Methods

This cross-sectional case control study was conducted in
the Department of Physiology, PSG IMS&R. Both study and
control groups gave written informed consent. Also clearance
from the Institute’s Human Ethics Committee was obtained.
The patient study group included women who presented to
the infertility clinics, gynaecologists, and family physicians
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with complaints of dysfunctional uterine bleeding, or infer-
tility and diagnosed to have PCOS by the experts. PCOS
was diagnosed with physical findings of hyperandrogenism,
oligo/anovulation and ultrasonography, after exclusion of
specific ovarian, adrenal and pituitary disorders, according to
Rotterdam 2003 diagnostic criteria.l'®

Sample size calculation

According to the disease prevalence in India the sample
size was calculated.'” The required sample size calculated
was 18. In total, 25 patients were analyzed of which one was
excluded because of the presence of ectopic beats.

Subjects
The study groups were the same subject which were
included for the previous work!'8!

a. Patient group: Briefly, 24 non-pregnant ideal and lean
weight (measured by BMI — body mass index) women with
PCOS. The patients were grouped as lean and normal as
per the WHO criteria.l')

b. Control group: Briefly, 24 regularly menstruating (every
27-32 days) volunteer medical students, doctors, nurses,
and staff of the hospital and who were matched for age
and BMI were included.

Inclusion criteria for both groups included young women
aged 16-35, they were lean or ideal weight according to BMI
and W/H ratio, waist circumference less than < 80 cm, they
were not on any medications affecting lipid or carbohydrate
metabolism at least for past 2 months. Exclusion criteria
included, women below 16 and above 35, pregnant and lac-
tating women, those who had undergone hysterectomy and
had attained menopause, women taking lipid lowering drugs
for the past 2 months. Also women on oral hypoglycemic
drugs or insulin sensitizing agents, oral contraceptives, and
sex steroids for last 2 months and those patients on current
infertility treatment were excluded.

Control group were in their follicular phase (6-8 days the
start of menstruation) and PCOS were amenorrheic during
data recording. The study group had their relevant laboratory
investigation.

The anthrometric parameters included were

a. Body mass index (BMI)

The study group were measured for height and weight
(wt). Height was measured in centimeters. Study partici-
pants stood in their upright position using the height meas-
uring scale. The weight was measured using electronic
weighing machine. From this BMI was obtained by dividing
weight in kg by square of the height (in meters). They were
selected according to World Health Organization obesity
is graded as underweight (BMI < 18.5 kg/m?), normal
(18.5—24.9 kg/m?), pre-obese (25.0-29.9 kg/m?), and class |
obese (30.0-34.9 kg/m?).1"®
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b. Waist circumference

Waist circumference was taken by standard measures.?”
The subject assuming a standing position and then the points
were marked on the subjects. Waist circumference was
measured half way between the lower border of the ribs and
the iliac crest in the horizontal plane. Briefly, 2 measurements
to the nearest 0.5 cm were measured. A third measurement
was taken if the variation between the measurements were
>2 cm. The mean of the 2 closest measurements was cal-
culated. For females waist circumference 80-87.9 cm was
graded as overweight and = 102 cm as obese. For

c. Waist hip ratio (WHR)
We also obtained standard cut-off for WHR which denotes
risk (> 0.85 in women) and lower cut-offs (0.80 in women)."!

Baseline cardiovascular parameters

a. Resting heart rate (RHR)
After 5 min of sitting rest, by palpating the left radial artery
at wrist the pulse rate was counted for complete 1min.

b. Resting blood pressure (RBP)

After 20 min of quiet supine rest, blood pressure was
recorded. Subjects were in supine position, using a manual
sphygmomanometer (a Novaphone make). Systolic and dias-
tolic blood pressure was measured. Recorded from right arm
to the nearest 2 mmHg. Blood pressure was defined as the
points of the appearance and disappearance of Korotokoff
sounds, respectively.

QT parameters

A continuous ECG was recorded after 20 min of com-
plete rest in supine position, with eyes open, patient not
falling asleep, using students Biopac system. The RR and
QT intervals are to be measured from seven cardiac cycles
from a recording of lead Il of the resting ECG. All ECGs are
to evaluated blindly .The same well trained non-physician
researcher to read all the ECGs. The QT interval was meas-
ured from the earliest onset of the QRS complex to the ter-
minal portion of the T wave, where it met the baseline.??
The RR interval from the preceding cardiac cycle is to be
measured from the peaks of the R waves to correct the QT
interval for heart rate (QTc). The QT and the preceding RR
intervals were measured manually from digital ECG signals.
This data is to be used for calculating QTc interval using
Bazett!®! formula

QT

QT:
= RR)

Parameters to be obtained are

—_

QTmax = Longest calculated QT interval.
QTcmax = Longest calculated corrected QT interval.
3. QTmin = Shortest calculated QT interval.

N

»

QTcmin = Shortest calculated corrected QT interval.

5. QTd = The difference between maximum QT interval and
minimum QT interval.

6. QTcd = The difference between QTcmax and QTcmin.

Statistical Analysis

The statistical test used was unpaired Students ‘f-test and
P-value is to be estimated. Statistical significance of P-value
is set at less than 0.05.

Results

Results were expressed as Mean + SD. The study group
are the same subject we included for our previous work,!"®
hence their basic parameters were the same.

Basic parameters of the study group

PCOS and control group were young, (22.96 + 3.96 vs
24.21 + 4.69, P = 0.324), normal BMI (22.12 + 2.56 vs 20.86
+2.73, P=0.104) and of same weight (53.60 + 8.86 vs 51.09
+9.31, P=0.344).

Resting blood pressure of the study group

PCOS and controls had Systolic (107.67 + 10.66 vs
106.17 + 14.30) and Diastolic blood pressure (73.58 + 8.75
vs 71.08 = 9.14). Both showed lower values and there was
no significant difference with P-value 0.682 and 0.338,
respectively.

QT parameters of the study group

Mean RR interval of the PCOS and the control was highly
significant (P-value: <0.001). Values are expressed in seconds.
Of the QT parameters, QT (P-value < 0.001) was of highly sig-
nificant where in PCOS was <400 ms, QT max (P-value <0.05)
was significant. QTmin (P-value < 0.001) was highly significant
and QTd (P-value 0.834) was not significant (Table 1).

Comparison of corrected QT parameters of the
study group

Of the corrected QT parameters QTc interval (P-value =
0.103), QTcmax (P-value = 0.216), QTcmin (P-value = 0.072)

Table 1: Comparison of RR interval and QT parameters of the
PCOS and control group

Parameter PCOS Control P-value
RR 0.732+0.117 0.836 + 0.092 <0.001***
QT 0.388 + 0.035 0.431 +0.053 <0.001***
QTmax 0.427 + 0.046 0.467 + 0.064 <0.05*
QTmin 0.355 + 0.039 0.400 + 0.048 <0.001***
QTd 0.065 + 0.032 0.067 +0.038 0.834

RR - RR interval, QT — QT interval, QTmax — QT maximum,
QTmin — QT minimum , QTd — QT difference.
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Table 2: Comparison of corrected QT parameters of the PCOS and
control group

Parameter PCOS Control P-value
QTe 0.454 +0.034 0.473 + 0.053 0.103
QTecmax 0.492 + 0.037 0.512 + 0.069 0.216
QTemin 0.417 +0.037 0.439 + 0.050 0.072
QTed 0.076 + 0.034 0.074 + 0.044 0.808

QTc — corrected QT interval, QTcmax — corrected QT maximum,
QTc min — corrected QT minimum, QTcd — corrected QT difference.

and QTcd (P-value = 0.808) were not significantly different
(Table 2).

Discussion

PCOS is a clinical syndrome which requires complete
evaluation. The major features are chronic anovulation,
hyperandrogenism, hirsutism, obesity, subfertility, and insulin
resistance. Alteration in the endogenous sex hormones found
in these patients may increase their risk for cardiovascular
adverse events. They have diastolic dysfunction, an early
indicator of hypertension.24

The cardiovascular parameters investigated in the patients
showed conflicting results.* This work was designed to ana-
lyze QT parameters in lean and ideal weight PCOS population
compared to age- and BMI-matched healthy women.

Women with virilization exhibited a shorter and faster
repolarization than normal women and castrated men.['?
H. Meden-Vrtovec et al showed QTc interval in 56% PCOS
patients was significantly shorter (< 400 ms).8! Other studies
showed QT dispersion in young PCOS patients that there is
no evidence for increased risk of ventricular arrhythmias or
sudden cardiac death.!"¥ Francesco et al?”! observed in nor-
mal weight young PCOS women that resting ECG parameters
were normal and they do not affect cardiac depolarization.

The receptors on cardiomyocytes are gonadal steroid
receptors. They modulate gene expression in these cells.
Estrogens influence activity of cardiac calcium currents('
which determines electrical cardiac cycle and the length of
the action potentials and, thus, of the QT interval length.['3
Estrogen receptor-mediated down-regulation of ventricular
potassium channels is the cause. It was observed that estro-
gen level are low during menstruation and ovulation, therefore
it is the progesterone-to-estrogen ratio determines the level of
risk.?8! Studies shows in postmenopausal women when given
hormone replacement therapy (estrogen replacement thera-
pies) decreased QT dispersion and prolonged QT intervals.!'

Sex hormones on cardiac depolarization
Hyperandrogenism is a feature of PCOS and the hyper-
androgenic ECG pattern might be expected in PCOS women.
Influence of androgen (specifically testosterone) in puberty,
shortens QT interval male subjects. This may suggest
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androgens rather than estrogens may be the cause for the
gender differences in QTc. This is also supported by the
absence of fluctuations in the baseline QTc interval duration
in women during the menstrual cycle.?!

In our study significant differences in QT interval parame-
ters were observed except in QTd and corrected QT param-
eters. In corrected QT parameters, all were increased than
normal values in both patients and controls though not signif-
icantly altered. This shows hormonal changes per se may not
be the cause for the prolonged corrected QT parameters seen
in PCOS. Deep insight into altered progesterone to estrogen
ratio and hyperandrogenism could give credit.

Conclusion

The present study focuses on cardiac autonomic activ-
ity in young and lean and normal weight PCOS patients.
The results should be interpreted with the limitations of our
study. It includes the small sample size, we were not able to
do acomparative analysis between obese and lean PCOS,
and serum sex hormone levels were not analyzed, if done
would have paved the way for correlation correlation analysis
between QT parameters and hormone levels.

The result of the present study shows QT interval parame-
ters were significantly shorter in PCOS than controls and QTc
parameters prolonged though not significantly. This shows
PCOS may not be under increased risk of developing cardiac
arrhythmias compared to control population.

Acknowledgments

The authors are thankful to Dr. R. Nagashree, Professor
and Head, Department of Physiology, Dr. K. Bhuvaneswari,
Department of Pharmacology, Dr. Saira Banu, Department
of Community Medicine, Dr. Anand and Dr. Usha Anand,
Department of Biochemistry and Dr. A. Kuruvilla for their
valuable guidance.

References

1. Elsenbruch S, Hahn S, Kowalsky D, Offner AH, Schedlowski
M, Mann K, et al. Quality of life, psychosocial well-being, and
sexual satisfaction in women with polycystic ovary syndrome. J
Clin Endocrinol Metab 2003;88(12):5801-7.

2. Kaaja RJ, Poyhonen-Alho MK. Insulin resistance and sympa-
thetic overactivity in women. J Hypertens 2006;24(1):131—41.

3. 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(1A):
33S-9S.

4. CibulaD. Isinsulin resistance an essential component of PCOS? The
influence of confounding factors. Hum Reprod 2004;19(4):757-9.

5. Hemmings R, Farookhi R, Brawer JR. Pituitary and ovarian
responses to LHRH in a rat with polycystic ovaries. Biol Reprod
1983;29:239-48.



Balamurugan et al.: QT and corrected QT parameters in non-obese young women

Conway GS, Agrawal R, Betteridge DJ, Jacobs HS. Risk factors
for coronary artery disease in lean and obese women with poly-
cystic ovary syndrome. Clin Endocrinol 1992;37:119.

Vrtovec B, Meden-Vrtovec H, Jensterle M, Radovancevic B.
Testosterone-related shortening of QTc interval in women
with polycystic ovary syndrome. J Endocrinol Investig 2008;
31(7):653-5.

Sezer K, Ozlem Pata O, Camsari A. Prolonged QT (corrected)
dispersion in women with polycystic ovary syndrome. Endocr
Abstr 2009;20:629.

Gonin JM, Kadrofske MM, Schmaltz S, Bastyr Ill EJ, Vinik
Al. Corrected Q-T interval prolongation as diagnostic tool for
assessment of cardiac autonomic neuropathy in diabetes
mellitus. Diabetes Care 1990;13(1):68—71.

Moss AJ. Measurement of the QT interval and the risk asso-
ciated with QTc interval prolongation: a review. Am J Cardiol
1993;72:23B.

Pham TV, Roen MR. Sex, hormones and
Cardiovasc Res 2002;53:740.

Bidoggia H, Maciel J, Capalozza N, Mosca S, Blaksley EJ,
Valverde E, et al. Sex differences on the electrocardiographic
pattern of cardiac repolarization: Possible role of testosterone.
Am Heart J 2000;140:678.

Drici MD, Burklow TR, Haridasse V, Glazer RI, Woosley RL. Sex
hormones prolong the QT interval and downregulate potassium
channel expression in the rabbit heart. Circulation 1996;94:1471.
Haseroth K, Seyffart K, Wehling M, Christ M. Effects of
progestin—estrogen replacement therapy on QT-dispersion in
postmenopausal women. Int J Cardiol 2000;75:161.

repolarization.

. Alpaslan M, Onrat E, Yilmazer M, Fenkci V. QT disper-

sion in patients with polycystic ovary syndrome. Jpn Heart J
2002:43:487.

. The Rotterdam ESHRE/ASRM-sponsored PCOS consensus

workshop group Revised 2003 consensus on diagnostic criteria
and long term health risks related to Polycystic Ovary Syndrome.
Fertil Steril 2004;81:19-25.

. Zargar AH, Gupta VK, Wani Al, Masoodi SR, Bashir M,

Laway BA, et al. Prevalence of ultrasonography proven poly-
cystic ovaries in North Indian women with type 2 diabetes
mellitus. Reprod Biol Endocrinol 2005;3:35.

Balamurugan M, Balamurugan M, Ramanathan G. Heart
rate variability and lipid profile in non-obese young Indian
women with polycystic ovary syndrome. J Eval Med Dent Sci
2015;4(24):4092—-109.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Ota T, Takamura T, Hirai N, Kobayashi K. BMI Classification
physical status: Preobesity in World Health Organization
Classification involves the metabolic syndrome in Japanese.
Diabetes Care 2002;25 (7):1252-3.

World Health Organization. Obesity — Preventing and Managing
the Global Epidemic: Report of a WHO Consultation on Obesity.
Geneva: World Health Organization, 1998.

Lean MEJ, Han TS, Morrison CE. Waist circumference as a
measure for indicating need for weight management. BMJ
1995;311:158-61.

Browne KF, Prystowsky E, Heger JJ, Chilson DA, Zipes DP.
Prolongation of the QT interval in man during sleep. Am J Cardiol
1983;52:55-9.

Bazett HC. An analysis of the time relations of electrocardio-
grams. Heart 1920;7:353-67.

Tiras MB, Yalcin R, Noyan V, Maral I, Yildirim M, Dértlemez O,
et al. Alterations in cardiac outflow parameters in patients with
polycystic ovarian syndrome. Hum Reprod 1999;14:1949-52.
Wild S, Pierpoint T, McKeigue P, Jacobs H. Cardiovascular
disease in women with polycystic ovarian syndrome at a long
term follow up: A retrospective cohort study. Clin Endocrinol
(Oxford) 2000;52:595-600.

Meden-Vrtoveca H, Vrtovecb B, Osredkarc J. Metabolic
and cardiovascular changes in women with polycystic ovary
syndrome. Int J Gynaecol Obstet 2007;99(2):87-90.

Francesco O, Stefano P, Teresa C, et al. Lack of electrocardio-
graphic changes in women with polycystic ovary syndrome. Clin
Endocrinol 2007;67(1):46-50.

Moss AJ, Schwartz PJ, Crampton RS, et al. The long QT
syndrome. Prospective longitudinal study of 328 families.
Circulation 1991;84:1136.

Burke JH, Ehlert FA, Kruse JT, et al. Gender-specific differences
in the QT interval and the effect of autonomic tone and menstrual
cycle in healthy adults. Am J Cardiol 1997;79:178.

How to cite this article: Balamurugan M, Maruthamuthu B,
Ramanathan G. QT and corrected QT parameters in nonobese
young Indian women with polycystic ovary syndrome. Int J Med
Sci Public Health 2016;5:2493-2497

Source of Support: Nil, Conflict of Interest: None declared.

International Journal of Medical Science and Public Health | 2016 | Vol 5 | Issue 12




