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Relationship of QT dispersion with sex hormones and insulin in young
women with polycystic ovary syndrome: an observational study

Polikistik over sendromu olan gen¢ kadinlarda QT dispersivonu ile gonadal hormonlar ve insiilin
arasindaki iliski: Gozlemsel bir ¢alisma

Emine Gazi, Meryem Gencer¥, Volkan Hancr**, Ahmet Temiz, Burak Allun, Ayse Nur Gakir Giingor*,
Ufuk Oztiirk, Bahadir Kirilmaz

From Departments of Cardiology, *Gynecology and Obstetrics and **Anesthesiology and Reanimation, Faculty of Medicine,
Ganakkale Onsekiz Mart University, Ganakkale- Turkey

ABSTRACT

Objective: Polycystic ovary syndrome (PCOS) is a common endocrinopathy in reproductive women. Cardiovascular disease risk factors are
more frequent in this population. We aimed in this study to investigate presence of QT dispersion and effects of sex hormones and insulin on
QT duration in young PCOS patients.

Methods: This present study was cross-sectional observational study. A total of 47 women, 25 patients with PCOS and 22 healthy, were
included. Serum testosterone, estradiol and insulin levels were studied and electrocardiography was performed at 2"d or 3th days of menstrual
cycle. The study population was divided into groups according to serum testosterone and estradiol levels. Sub-groups and pairwise groups
were compared by Mann-Whitney U or student t-test. The associations of QTc durations with hormone levels were calculated using Spearman
rank correlation analysis. The results were evaluated at the p<0.05 significance level.

Results: No differences found between groups regarding to demographic parameters. Estradiol and testosterone levels were higher in patients
with PCOS (41.12+£13.59 vs. 35.57+19.29 pg/mL, p=0.09 and 105+58.5 vs. 17.6+10.9 ng/dL, p=0.01, respectively). QT dispersion was significantly
longer in PCOS patients (47.1 vs. 32.7 ms, p=0.01). A positive correlation was found between the serum insulin level and QTc min, QTc¢ max, and
QTc mean (r=0.402, p=0.011; r=0.341, p=0.033; r=0.337, p=0.036; respectively). QT dispersion with serum testosterone and estradiol levels were
positively correlated (r=0.525, p=0.001and r=0.326, p=0.046; respectively).

Conclusion: Our results suggest that QT dispersion is prolonged and testosterone, estradiol and insulin are associated with QT duration in young
PCOS patients. (Anadolu Kardiyol Derg 2013; 13: 772-7)
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OZET

Amacg: Polikistik over sendromu (PKOS) reprodiiktif donemdeki kadinlarda sik karsilasilan bir endokrinopatidir. PCOS hastalarinda kardiyovas-
kiiler hastalik risk faktorleri sik goriiliir. Bu ¢alismada PCOS tanisi alan geng kadinlarda QT dispersiyonu varligini ve gonadal hormonlar ve
insiilinin QT siiresi lizerine etkilerini arastirmayr amacladik.

Yontemler: Gozlemsel ve enine kesitli bu ¢calismaya PKOS tanisi alan 25 hasta ve kontrol grubu olarak 22 saglikli olmak {izere toplam 47 kadin
dahil edildi. Serum testosteron, dstrojen ve insiilin diizeyleri, elektrokardiyografik él¢iimler menstriirasyon dongiisiiniin 2. veya 3. giiniinde
yapildi. HOMA-IR hesaplandi. Calisma olgulari dstrojen ve testosteron diizeylerine gére gruplara aynildi. Ikili gruplarin kargilagtinimasinda
student-t veya Mann-Whitney U testi kullanildi. Testosterone, dstrojen, insiilin ve HOMA-IR diizeyleri ile QT siireleri arasindaki iligkinin deger-
lendirilmesinde Spearman rank korelasyon analizi kullanildi. P degeri <0,05 anlamli kabul edildi.

Bulgular: Gruplar arasinda demografik dzellikler bakimindan fark yoktu. Ostrojen diizeyi ve testosteron diizeyleri PKOS olan hastalarda daha yiiksek
bulundu (41,12£13,59 ve 35,57+19,29 pg/mL, p=0,09, 105+58,5 ve 17,6+10,9 ng/dL, p=0,01, sirastyla). PKOS olan hastalarda maksimum QTc siiresi daha
uzun (436,3+30,2 ve 420,9+21,9 ms, p=0,05), QT dispersiyonu anlamli olarak daha fazla bulundu (47,1 ve 32,7 ms, p=0,01). Serum insiilin diizeyi ile
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maksimum (r=0,341, p=0,033), minimum (r=0,402, p=0,011) ve ortalama (r=0,337, p=0,036) QTc siireleri arasinda pozitif korelasyon bulundu. Serum
Gstrojen ve testosteron diizeyleri ile QT dispersiyonunun korele oldugu saptandi (sirasiyla r=0,326, p=0,046 ve r=0,525, p=0,001).
Sonug: Bu ¢calismamiz PKOS olan geng kadinlarda QT dispersiyonunun arttigini ve dstrojen, testosteron ve insiilin diizeylerinin QT siiresi {izerine

etkileri oldugunu gostermistir. (Anadolu Kardiyol Derg 2013; 13: 772-7)

Anahtar kelimeler: Elektrokardiyografi, QT dispersiyonu, polikistik over sendromu, insiilin direnci, insiilin

Introduction

Polycystic ovary syndrome (PCOS) is a common endocri-
nopathy that affects 4.6 to 11.2% of women (1). The incidence of
metabolic syndrome is increased due to high incidence of obe-
sity, insulin resistance and hyperlipidemia. Hyperandrogenism
and anovulation are the most important characteristics of PCOS.
Hence, the prevalence of non-insulin dependent diabetes melli-
tus and cardiovascular disease are also found to be higher in
patients with PCOS (2).

In healthy population, QT and corrected QT (QTc) durations
are prolonged in women compared to men, which may lead to
increased risk of syncope, life threating ventricular arrhythmias
and sudden cardiac death (3-5). Itis also believed thatincreased
QT dispersion is a risk factor for ventricular arrhythmias and
sudden cardiac death (6). Despite the presence of several stud-
ies relevant to early atherosclerosis and cardiovascular dis-
ease, in only few investigations, electrocardiographic findings
and risk of arrhythmia were evaluated in these patients. It has
been reported that a negative correlation between serum tes-
tosterone level and QT duration, and shorter minimum QT dura-
tions in patients with PCOS (7). Accordingly, a study suggested
that QT dispersion did not differ in patients and control subjects,
however, relationship between sex hormone levels and QT dura-
tions was not reported in this study (8). It was known that
change in hormonal values is related to menstrual cycle. Hence,
QT dispersion might be dependent to hormonal status in patients
with PCOS.

There was no information about the relationship between
serum insulin level and QT durations.

In the present study, we aimed to investigate whether QT
dispersion is different in patients with and without PCOS, and
effects of sex hormones related to menstrual cycle, insulin and
insulin resistance on the QT durations and QT dispersion in
young women with PCOS.

Methods

Study design
The present study was an observational cross-sectional
controlled study.

Study population

Twenty-five patients with PCOS and 22 healthy women as
controls who applied the gynecology clinic of Canakkale Onsekiz
Mart University between February and April 2012 participated in
this study. Women who under the 40 years old and not on medi-
cation for any indication at last month were included the study.

Patients with hypertension, diabetes mellitus, electrolyte imbal-
ance, chronic renal failure, chronic inflammatory disease,
chronic lung disease, heart failure, valvular, structural or con-
genital heart disease, smoking history were excluded. Two
patients were excluded because of incidental patent foramen
ovale diagnosis. The study population were divided to patient or
control groups whether PCOS or not. The study protocol was
approved by the Local Ethics Committee and written informed
consent was obtained from each patient and control subject.

Study protocol

According to whether PCOS presence the women divided
into two groups as patient and control. PCOS was diagnosed if
there were enlarged ovaries (2 to 8 mm in diameter) with 8 and
more cysts detected by an ultrasonographer with same ultraso-
nography device, oligpamenorrhea, hirsutism (Ferriman-Gallwey
scoring is >7) and elevated serum level of total testosterone (80
ng/dL or more) (9). After the diagnosed PCOS or normal control
subjects, the visit was repeated at 2"d or 3th days of next men-
strual cycle for study. Blood samples were collected from the
patients after a 12-hr overnight fasting and electrocardiography
was performed at 2nd or 3t days of menstrual cycle.

Study variables

In all cases baseline variables that age, weight, height, waist
and hip circumferences were recorded. Serum fasting blood
glucose, lipid parameters, thyroid stimulating hormone, gonado-
trophin hormones, testosterone, estradiol and insulin levels
were studied. Insulin resistance was assessed using the homeo-
stasis model assessment (HOMA-IR) calculation: “fasting serum
insulin (micro units per milliliter) x fasting plasma glucose (mg/
dL)/405" (10). QT intervals and dispersion on electrocardiogra-
phy were examined. Maximum and minimum QT durations were
recorded. Mean QT duration (QT) was calculated from all mea-
sured QT intervals. All QT intervals were corrected for heart rate
by using Bazett's (11) formula (QTc interval=QT interval/square
root of the RR interval). QT dispersion was defined as difference
between QTc max and QTc min. The duration of QT dispersion
was recorded as outcome variable and correlation between QT
duration with testosterone, estradiol, insulin and HOMA-IR was
recorded as predictor variables.

Laboratory analysis

Laboratory measurement for all patients by the same devic-
es was evaluated at 2" or 3t days of menstrual cycle. Fasting
blood glucose and lipid profile were studied with the Cobas
e-601 (Roche Diagnostics, Indianapolis, USA) auto-analyzer
device by chemiluminescence method. Insulin and hormones
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were studied with the same device by electrochemilumines-
cence immunoassay “ECLIA” method (insulin Kit Lot No:
0016983902, Reference range: 2.6-24.9 pU/mL; estradiol Kit Lot
no: Kit Lot No: 0017033802, reference range: 12.5-166 pg/mL for
follicular phase; testosterone kit no: Kit Lot No: 001685005, refer-
ence range: 5.9-75.6 ng/dL for 20-40 years women) at biochemis-
try laboratory of the university hospital.

Electrocardiography

A12-lead surface electrocardiogram (Nihon-Kohden Cardiofax
ECG1350K, Tokyo, Japan) was used to evaluate QT duration for all
participants. The paper speed and amplitude were 50 mm/second
and 20 mm/mV, respectively. QT duration was calculated the time
from the beginning of the Q wave up to isoelectric TP segment at
least 3 cardiac cycles at each derivation.

Statistical analysis

Statistical analyses were performed using SPPS software
program (version 15.0, SPSS, Chicago, illinois, USA). An assess-
ment of the normality with Kolmogorov-Smirnov was done initially.
All numerical data was expressed as meanzstandard deviation or
median (interquartile range). Sub-groups and pairwise groups
were compared by Mann-Whitney U or student ¢ test.

The study population was divided into tertiles based on
estradiol levels. A high estradiol group (n=18) was defined as a
value in the third tertile (>45 pg/mL), and a low estradiol group
(n=29) was defined as a value in the lower two tertiles (<45 pg/

Table 1. Demographic and laboratory findings of the patients and the
controls
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mL). In addition the study population was divided two groups
based on serum total testosterone levels. A high testosterone
group (n=16) was defined as a value of >80 ng/dL, and a low
testosterone group (n=31) was defined as a value of <80 ng/dL.

The associations of QTc durations and the testosterone,
estradiol, insulin and HOMA-IR were calculated using Spearman
rank correlation analysis in patients with PCOS and in both
groups. The results were evaluated at the p<0.05 significance
level.

Results

Clinical characteristics of the study population

Table 1 summarizes the baseline characteristics. No signifi-
cant differences were found between groups regarding to
demographic parameters and resting heart rates. Median body
mass index was 23.3 kg/m2 (18.7-40.4) in patients with PCOS and
22.5 kg/m2 (17.5-28.6) in control subjects (p=0.29). Body surface
areas were similar in both groups (p=0.41). Serum follicular
stimulating hormone (FSH) levels were lower in PCOS patients
than normal subjects (p<0.01). However, estradiol levels were
higher in patients with PCOS than control subjects (p=0.09).
Accordingly serum total testosterone levels were significantly
higher in PCOS patients than control subjects (p<0.01).

Electrocardiographic measurements

Table 2 summarizes the electrocardiographic findings.
Resting heart rate was 80+13 bpm in PCOS group and 77+11 bpm
in healthy subjects (p=0.31). In PCOS patients QTc max duration
was longer (p=0.05). QTc min (p=0.77) and QTc mean (p=0.781)
were similar in patients with PCOS and controls. QT dispersion
was significantly longer in PCOS patients (p<0.01).

QT dispersion was significantly longer in subjects with high
testosterone and high estradiol levels (p=0.007) and (p=0.007).
QTc max, QTc min, and QTc mean were not different between
patients with high and low testosterone as well as high and low
estradiol levels (Table 3).

Table 2. Electrocardiographic findings of the patients and control
subjects

Variables PCOS (n=25) Controls (n=22) *p
Age, years 26+8 2945 0.296
BMI, kg/m2 23.3(18.7-40.4) 22.5(17.5-28.6) 0.296
Waist/Hip ratio 0.80 (0.71-0.95) 0.78 (0.65-0.95) 0.550
BSA, m2 1.71:0.19 1.67+0.11 0.417
Glucose, mg/dL 87+13 88+7 0.908
Cholesterol, mg/dL 181+38 174+33 0.556
LDL, mg/dL 95 (57-193) 92 (18-150) 0.606
HDL, mg/dL 53+16 5516 0.767
TG, mg/dL 79 (32-422) 73 (21-236) 0.321
Insulin, plU/mL 11.1(1.9-82.7) 7.6 (3.1-77) 0.726
Testosterone, ng/dL 105+58.5 17.6+10.9 0.0001
Estradiol, pg/mL 411135 35.6+£19.3 0.096
FSH, mlU/mL 5.3(2.9-7.8) 7.3(2-19.1) 0.004
LH, mIU/mL 7.4(2.3-39.2) 5.8 (2.1-14.5) 0.328
TSH, plu/mL 2.03 (0.88-5.41) 1.75 (0.42-4.25) 0.410
Data are presented as mean+SD or median (interquartile range).

*Student t-test and Mann-Whitney U test.

BMI - body mass index, BSA - body surface area, FSH - follicular stimulant hormone,
HDL - high density lipoprotein, LDL - low density lipoprotein, LH - luteinizing hormone,
N - number of subjects, PCOS - polycystic ovary syndrome, TG - triglyceride,

TSH - thyroid stimulating hormone

Variables PCOS (n=25) Controls (n=22) *p

Heart rate, bpm 80+13 7711 0.31
QT max 376.6£23.5 377.0£23.2 0.29
QTc max 436.3+30.2 420.9+21.9 0.05
QT min 334.0£24.9 348.8+22.3 0.03
QTc min 386.9+30.9 389.3+21.6 0.77
QTc mean 407.1+28.3 409.1+19 0.78
QT dispersion 47.1(21-82) 32.7 (22-46) <0.01
Data are presented as mean+SD or median (interquartile range). QT values are given
in msec.

*Student t test and Mann-Whitney U test

N - number of subjects, PCOS - polycystic ovary syndrome, QTc - QT corrected,

QT max - maximum QT, QT mean- mean QT, QT min - minimum QT
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Variables QTc max QTc min QTc mean oTd
Testosterone >80 (n=16) 428.1+26.8 377+26 399.3+26.3 48.5 (21-82)*
Testosterone <80 (n=31) 428+25.8 390+24.5 410.9£21.3 33.4 (22-75)*
Estradiol >45 (n=19) 429.8+23.5 389.2+23.9 407.6 (373.1-465) 47.1 (22-55)*
Estradiol <45 (n=28) 424.7+28.1 385.8+27.3 406 (360.3-459.6) 36.3 (21-79)*
Data are presented as mean+SD or median (interquartile range). QT values are given in msec. Testosterone is given ng/dL and estradiol is given pg/mL

*p<0.001, Mann-Whitney U test

QTc max - corrected maximum QT, QTc mean - corrected mean QT, QTc min - corrected minimum QT, QTd - QT dispersion

Table 4. Correlation coefficients between hormone levels and
QT duration*

Table 5. Correlation coefficients between hormone levels and QT
duration in patients with PCOS*

Relationship between hormone levels and QT durations

A positive correlation between serum testosterone and QT dis-
persion (r=0.525, p=0.001) and a negative correlation between
serum testosterone and QTc mean (r=-0.302, p=0.062) was found.
Serum estradiol level was correlated significantly with the QT dis-
persion (r=0.326, p=0.046). HOMA-IR was significantly correlated
with the QTc min, QTc max and QTc mean (r=0.431, p=0.007 and
r=0.368, p=0.023 and r=0.373, p=0.021, respectively). In addition a
positive correlation was found between the serum insulin level and
QTc min, QTc max, and QTc mean (r=0.402, p=0.011; r=0.341, p=0.033;
and r=0.337, p=0.036; respectively). Waist circumference was found

Variables r p Variables r p
Testosterone Testosterone

QTc max 0.175 0.287 QTc max -0.395 0.07

QTc min -0.160 0.331 QTc min -0.485 0.02

QTc mean -0.302 0.062 QTc mean -0.474 0.03

QTd 0.525 0.001 QTd 0.105 0.60
Estradiol Estradiol

QTc max 0.079 0.635 QTc max 0.099 0.67

QTc min -0.017 0.917 QTc min -0.005 0.98

QTc mean -0.020 0.903 QTc mean 0.103 0.66

QTd 0.326 0.046 QTd 0.410 0.07
Insulin Insulin

QTc max 0.341 0.033 QTc max 0.376 0.08

QTc min 0.402 0.011 QTc min 0.471 0.02

QTc mean 0.337 0.036 QTc mean 0.341 0.12

QTd -0.132 0.422 QTd -0.212 0.34
HOMA-IR HOMA-IR

QTc max 0.368 0.023 QTc max 0.451 0.03

QTc min 0.431 0.007 QTc min 0.583 0.01

QTc mean 0.373 0.021 QTc mean 0.437 0.04

QTd -0.160 0.338 QTd -0.290 0.19
Waist circumference *Spearman rank correlation analysis

0T max KT 057 10 e o, e St o O QT s

QTc min 0.342 0.033 HOMA-IR - homeostasis model assessment- insulin resistance

QTc mean 0.323 0.045

QTd 0.012 0.943 to have a positive correlation with QTc min and QTc mean (r=0.342,
*Spearman rank correlation analysis p=0.033 and r=0.328, p=0.045; respectively) (Table 4).
QTc max - corrected maximum QT, ATc mean - corrected mean OT, Table 5 summarizes correlations between the serum hor-
QTc min - corrected minimum QT, QTd -QT dispersion, HOMA-IR - homeostasis model . . . . .
assessment- insulin resistance mone levels and QT durations in patients with PCOS. In patients

with PCOS serum testosterone level was significantly negatively
correlated with the QTc mean (r=-0.474, p=0.03), QTc min (r=-0.485,
p=0.026) but was not correlated with QTc max. A correlation was
not found between the serum estradiol and QT dispersion
(r=0.41, p=0.073). However, HOMA-IR was correlated with the
QTcmin (r=0.583, p=0.013) and QTc (r=0.437, p=0.042). Serum
insulin level was correlated with the QTc min (r=0.471, p=0.027).

Discussion

The present study showed that QTc dispersion is longer in
patients with PCOS whereas QTc max and QTc min durations
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were not different between groups. Secondly, serum estradiol
and testosterone were correlated to QT dispersion. Finally, insu-
lin and HOMA-IR were correlated to QTc prolongation and this
is first finding related to insulin levels and QT durations to our
knowledge.

QT dispersion is a noninvasive method that measures in
homogeneity in ventricular electrical activity (12) and prolonged
QT dispersion is correlated with increased incidence of ven-
tricular arrhythmias (5, 6, 13). It may occur as a result of myocar-
dial ischemia, ventricular hypertrophy or dilatation, autonomic
neuropathy, and electrolyte imbalance. QT and QTc intervals are
longer in healthy women than in men. Furthermore, possibility of
torsade’s de pointes is more likely in women than in men (14).
However, there has been no evidence of increased incidence of
ventricular arrhythmias and sudden death in women. It is well
known that atherosclerosis and related cardiovascular diseases
are prevalent among women with PCOS (15, 16).

Alparslan et al. (8) reported that QT dispersion did not differ
between women with PCOS and controls. There was no infor-
mation about the levels of estradiol in their study. Orio et al. (17)
evaluated electrocardiographic properties and there was no
difference in QT dispersion. However, serum estradiol levels
were elevated without statistical significance. In our study,
estradiol levels were measured at 2"d or 34 days of menstrual
period and were found to be elevated in patients with PCOS,
which may be linked to anovulatory cycles and persisting high
estradiol levels (18). Nakagawa et al. (19) reported that QTc
duration and serum estradiol levels were higher in follicular
phase than in luteal phase in healthy women. Our study was
performed in follicular phase of the menstrual cycle and this
may explain how our results differed than that of other studies.

Clinical data suggest that both of endogenous and exoge-
nous estrogen can cause prolongation in QT duration and QT
dispersion (20, 21). Fulop et al. (21) reported that QTc duration is
prolonged after surgical castration (orchiectomy) and estrogen
replacement in male canines. QTc did not change after ovarec-
tomy in female canines whereas shortened after testosterone
replacement. This may determine that estrogen and testoster-
one have an effect on ventricular conduction (21). Experimental
studies in animals showed that estrogen prolongs QT duration
and repolarization phase of action potential by depressing the
potassium current expression (22, 23). Hormone replacement
therapy (HRT) with estrogen in postmenopausal women pro-
longs QTc (24-26). Gokge et al. (27) found that QTc was pro-
longed and QT dispersion increased after the HRT with estrogen
but not progestin plus estrogen in postmenopausal women.
Vrtovec et al. (7) reported that QTc is shorter and serum testos-
terone level is negatively correlated with QTc duration in
patients with PCOS. Both experimental and clinical findings sup-
port that estrogen and testosterone have some effects on QTc.
In our study, serum estrogen and testosterone levels were ele-
vated in patients with PCOS that may explicate the prominent QT
dispersion. Serum testosterone and estradiol levels were cor-
related with QT dispersion and a negative correlation was found
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between serum testosterone and QTc mean. Moreover, in patients
with PCOS, serum testosterone levels were negatively correlated
with QTc min and QTc mean. QT dispersion is longer in patients
with high testosterone and high estradiol which supports the
effects of testosterone and estradiol on cardiac repolarization.

Number of studies showed that relation between insulin
levels and QT duration (28, 29). QTc max, QTc min, and QT dis-
persion were found to be longer in patients with metabolic syn-
drome. A correlation between BMI, waist circumference and QT
duration exists (30). The relationship between insulin level and
QT prolongation has also been discovered (31, 32). Nigro et al.
(33) reported that serum insulin levels and HOMA-IR were asso-
ciated with QT dispersion in obese children. In our study,
although serum insulin levels and HOMA-IR were not different
between two groups, QTc duration correlated with HOMA-IR
and insulin levels. Waist circumference was correlated with
QTc min and QTc duration as well. In patients with PCOS,
HOMA-IR and insulin were associated with QTc prolongation
despite the patients were non-obese.

Our results suggest that increase in serum testosterone,
estradiol, and insulin levels may have effect on cardiac repolar-
ization in patients with PCOS. Increase in insulin and estradiol
levels can cause QTc prolongation whereas high testosterone
levels QTc shortening.

Study limitations

Our study is based on limited number patients. Determining
the sex hormone binding globulin level may provide a better
knowledge of serum active testosterone level and its effect on
QT duration. The findings have to be supported by large pro-
spective studies to assess the increase in QT dispersion which
may induce ventricular arrhythmias and/or sudden death in
patients with PCOS.

Conclusion

The present study suggests that QT dispersion is increased
in young patients with PCOS. QT dispersion is correlated with
serum estradiol and testosterone levels. Insulin levels and
HOMA-IR are associated with QTc prolongation. QT dispersion
is a risk factor for ventricular arrhythmias and sudden cardiac
death. Electrocardiographic evaluation could be a practical way
to assess the patients in the absence of well-established risk
factors of cardiovascular diseases.
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