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Abstract. – OBJECTIVE: Polycystic ovary 
syndrome (PCOS) is a complex disorder com-
prising ovulatory dysfunction, hyperandro-
genism, and polycystic ovaries (PCO). Several 
studies have used electrocardiography (ECG) 
to assess PCOS patients. We aimed to analyze 
the associations among QRS-T angle, hormon-
al parameters, and ovarian and thyroid sonog-
raphy in PCOS.

PATIENTS AND METHODS: Adult females 
with PCOS, but without comorbid illness, were 
included in our study. Demographic and clinical 
features (body mass index, Ferriman-Gallwey 
score, phenotype) were analyzed, as well as lab-
oratory test results. Based on standard 12-lead 
ECGs, frontal plane QRS-T angles were calculat-
ed, defined as the angle between the mean QRS 
and the mean T vector, and verified with auto-
matic instrument measurements. Values with-
in the range -46 to +59° were classified as “nor-
mal”, and those out of this range as “abnormal”. 
Patients were divided into groups according to 
the presence of thyroid nodules, echogenicity 
(normal/decreased), and vascularity (normal/in-
creased) based on thyroid sonography, and by 
mean ovarian volume (MOV ≥ 10/< 10 mL) or ap-
parent PCO based on ovarian sonography.

RESULTS: The mean age of the 92 patients 
was 22.68 ± 4.58 years; 11 patients (11.9%) had 
abnormal QRS-T angles. Demographic, clinical, 
electrocardiographic, and laboratory parame-
ters were similar between the normal and ab-
normal QRS-T angle groups, with the exception 
of MOV, which was higher in the latter group 
(p=0.032). Among all clinical and laboratory pa-
rameters, only MOV was a strong predictor of 
abnormal QRS-T angle (p=0.016).

CONCLUSIONS: Our study is the first to an-
alyze the association between the QRS-T an-
gle and hormonal and sonographic features of 
patients with PCOS. A small percentage of pa-
tients had abnormal QRS-T angles, and a large 
MOV was a strong predictor of this abnormality.
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Introduction

Polycystic ovary syndrome (PCOS) is a com-
plex heterogeneous disorder characterized by 
clinical findings of ovulatory dysfunction, hyper-
androgenism, and sonographic evidence of poly-
cystic ovaries (PCO)1. The prevalence of PCOS 
ranges from 6-10%, depending on the diagnostic 
criteria used1. It is well known that there is an in-
creased frequency of cardiovascular risk factors 
in PCOS, such as obesity and type 2 diabetes 
mellitus (T2D)2. A positive association has also 
been detected between PCOS and coronary heart 
disease (CHD), carotid intima media thickness, 
hypertension, and premature atherosclerosis3-10. 

Electrocardiography (ECG) is an inexpensive, 
simple, noninvasive, and quick modality to as-
sess cardiac rhythm, morbidity, and mortality 
in various clinical conditions. Frontal (planar) 
QRS-T angles can be easily calculated using a 
standard 12-lead ECG, as the difference in angle 
between two axes. In general, the QRS-T angle 
widens with age and is smaller in women than 
men; the frontal angle is smaller than the spatial 
angle11. Within a single cohort, individuals hav-
ing wider frontal QRS-T angles were found to 
have an increased risk of sudden cardiac death, 
non-arrhythmic cardiac death, and mortality12. In 
another cohort of participants without cardiovas-
cular disease (CVD), the risk of CVD was higher 
in the wide QRS-T angle group13. An abnormal 
spatial QRS-T angle was found to be a strong pre-
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dictor of ventricular arrhythmia in patients with 
an implantable cardioverter-defibrillator (ICD)14. 
Both mortality and CHD incidence were found 
to be higher in patients with abnormal spatial or 
frontal QRS-T angles in the ARIC study15. In the 
DEFINITE trial, a widen QRS-T angle was found 
to be a significant predictor of mortality, appro-
priate ICD shock, and resuscitated cardiac ar-
rest in non-ischemic cardiomyopathy16. Although 
different from each other, the planar and spatial 
QRS-T angles were shown to be equivalent in 
terms of their predictive value15.

The association between ECG findings and 
CVD has also been examined in a PCOS popu-
lation. P wave or QT dispersion were shown to 
be increased and associated with serum estradiol 
(E2) and testosterone levels, as well as the risk 
of arrhythmia, in PCOS17-23. Prolonged QTc in 
PCOS patients was associated with hyperinsu-
linemia23. Thus, these studies reveal an increased 
risk of arrhythmia in PCOS patients.

To our knowledge, no study has analyzed the pre-
dictive value of QRS-T angle abnormality in PCOS. 
We sought to analyze the associations of QRS-T an-
gle, hormonal parameters, and ovarian and thyroid 
sonography findings in patients with PCOS.

Patients and Methods

Adult female patients admitted to our clinic 
between January 2017 and January 2019, and 
diagnosed with new-onset PCOS, were included 
in this study. The diagnosis of PCOS was based 
on the Rotterdam criteria24. Patients younger than 
18 years, those with a known history of any other 
illness, and those taking any medication were 
excluded, as were those with missing data. This 
prospective study was approved by the Ethics 
Committee of our University and performed in 
accordance with the Ethical Standards laid down 
in the 1964 Declaration of Helsinki and its later 
amendments. Written informed consent was ob-
tained from all participants.

Basic demographic information (age) and clin-
ical characteristics [height, weight, body mass 
index [BMI], waist and hip circumference, phe-
notype of PCOS, Ferriman-Gallwey score (FGS)] 
were recorded and analyzed. Body weight (kg) 
and height (m) were measured with the patient 
barefoot and in light clothing. The BMI was 
calculated as weight/square of height (kg/m2), 
and the waist to hip ratio (WHR) as waist (cm) 
divided by hip (cm). The FGS was determined by 

physical examination. For all nine androgen-sen-
sitive areas, 0 to 4 points were given to quantify 
hair growth. Overall scores exceeding 6 points 
were considered abnormal1. We grouped the pa-
tients according to BMI (< 30 vs. ≥ 30 kg/m2) and 
FGS (< 6 vs. ≥ 6).

Laboratory Evaluation
All laboratory tests were performed in the 

morning, during fasting in the early follicular 
phase, or on a random day if there was no 
menstrual cycle. Fasting blood glucose (FBG), 
low-density lipoprotein (LDL), high-density li-
poprotein (HDL), total cholesterol (Tchol), and 
triglyceride (TG) levels were recorded in mg/
dl. The other measures were as follows: insulin 
mIU/L, C-peptide (Cp) ng/mL, HbA1c%, TSH 
mIU/L, free T4 (fT4) ng/dL, free T3 (fT3) pg/mL, 
anti-thyroid peroxidase (ATPO) IU/mL, 25(OH)
D3 ng/mL, dehydroepiandrosterone sulfate 
(DHEAS) mcg/dL, total testosterone (Ttest) ng/
dL, luteinizing hormone (LH) IU/L, follicle stim-
ulating hormone (FSH) IU/L, prolactin (PRL) ng/
mL, E2 pg/mL, progesterone ng/mL, adrenocor-
ticotropic hormone (ACTH) pg/mL, cortisol mcg/
dL, growth hormone (GH) ng/mL, and IGF-1 ng/
mL. Homeostasis model assessment of insulin re-
sistance (HOMA-IR) was calculated as FBG (mg/
dL) × fasting insulin (U/L)/405, and the LH/FSH 
ratio as LH divided by FSH. HOMA-IR >2.7 was 
taken to indicate insulin resistance25.

Glucose was measured by a glucose oxidase 
method using an AU-2700 analyzer (Olympus Co. 
Ltd., Tokyo, Japan). TG, Tchol, and HDL were 
measured on the same analyzer, using enzymat-
ic method reagents from Olympus Diagnostics 
(Hamburg, Germany). HbA1c was measured in 
National Glycohemoglobin Standardization Pro-
gram (NGSP) units by high-performance liquid 
chromatography. Basal Cp was measured early 
in the morning after an overnight fast. Cp, IGF-1, 
and GH were measured by chemiluminescence 
using an Immulite 2000 instrument (Siemens 
Medical Solutions Diagnostics, Los Angeles, CA, 
USA). LDL was calculated using Friedewald’s 
equation. Insulin, PRL, E2, progesterone, Ttest, 
DHEAS, FSH, LH, ACTH, total cortisol, TSH, 
fT4, fT3, and ATPO were measured by chemi-
luminescence using a DxI 800 system (Beckman 
Coulter, Inc., Fullerton, CA, USA). We measured 
the 25(OH)D3 level (ng/mL) by immunoassay. 
The reference ranges in our laboratory were used 
to determine the upper and lower limits of normal 
for all laboratory parameters.
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Differential diagnoses, such as nonclassical 
congenital adrenal hyperplasia (NCCAH), hy-
pothyroidism, Cushing’s syndrome, and hyper-
prolactinemia were excluded in all patients after 
basal tests. Basal morning serum 17(OH)proges-
terone measurements in the early follicular phase, 
and 1 mg overnight dexamethasone suppression 
tests, were performed in all patients to exclude 
NCCAH and Cushing’s syndrome, respectively. 
Patients with 17(OH)progesterone levels >200 
ng/dL in the early follicular phase were excluded 
from the study. Patients having cortisol levels 
≥1.8 mcg/dL after 1 mg dexamethasone over-
night underwent confirmation tests for Cushing 
syndrome, such as 2-day 2 mg dexamethasone 
suppression tests. Patients for whom Cushing 
syndrome could not be ruled out were excluded 
from the study.

The participants were subgrouped according 
to BMI (<30 vs. ≥30 kg/m2), FGS (<6 vs. ≥6), 
FBG (<100 vs. 100-125 mg/dL), HbA1c (<5.7 vs. 
5.7-6.4%), presence of prediabetes according to 
both HbA1c (5.7-6.4%) and FBG (100-125 mg/
dL), Cp (1-2 vs. ≥ 2 ng/mL), HOMA-IR (< 2.7 
vs. ≥ 2.7), DHEAS (normal vs. increased), Ttest 
(normal vs. increased), LH/FSH ratio (< 1 vs. ≥ 
1), ATPO positivity, 25(OH)D3 (<10 vs. ≥10 ng/
mL), and presence of hypertriglyceridemia, hy-
percholesterolemia, or a low HDL level.

Electrocardiography
A standard 12-lead ECG was recorded in the 

supine position, with a 25 mm/s paper speed 
and voltage of 10 mm/mV, during clinical visits 
before laboratory examination. Heart rate, PR 
interval, QRS duration, QT interval, and frontal 
plane QRS-T angle were measured. QT intervals 
corrected for heart rate (QTc) were calculated 
using Bazett’s formula. Frontal plane QRS-T 
angle, defined as the angle between the mean 
frontal QRS and the mean frontal T vector, was 
calculated in accordance with previous studies, 
and verified through automatic measurement by 
the surface ECG11,26,27. The normal range was 
previously defined as being between -46 and 59° 
in females under 29 years of age11,28. According-
ly, the values within that range were classified as 
“normal”, and those outside of that range were 
considered “abnormal”. Patients with complete 
or incomplete right or left bundle branch block 
were excluded. All ECG recordings were evalu-
ated by the same cardiologist, who was blinded 
to the patient data.

Sonography
Thyroid sonography and suprapubic ovarian 

sonography were performed in all patients by 
the same skilled endocrinologist and the same 
radiologist, respectively. Thyroid sonography was 
performed with the 7.5-MHz linear transducer of 
a SONOACE R3 ultrasound machine (Samsung 
Medison Co., Gangnam-gu, Seoul, Korea). The 
patients were divided into two groups according 
to the presence of thyroid nodules on sonogra-
phy. Thyroid echogenicity (normal vs. decreased) 
and vascularity (normal vs. increased) were al-
so assessed by sonography29. After measuring 
thickness, width, and length, the volume of each 
thyroid lobe was calculated by the formula: vol-
ume = anteroposterior (thickness) × mediolateral 
(width)×craniocaudal (length) × 0.49 (conversion 
factor)30. Total thyroid volume (TTV) was given 
by the sum of the volumes of each thyroid lobe. 

Ovarian sonography was performed in all par-
ticipants using a Voluson P6 instrument (General 
Electric Ultrasound, Seongnam, South Korea) 
equipped with a 2-5 MHz transducer. After mea-
suring width, length, and thickness, the volume 
of each ovary was calculated by the formula: d1 
× d2 × d3 × 0.52331. The mean ovarian volume 
(MOV) was calculated by dividing the sum of 
the ovarian volumes by two. Both the MOV and 
volume of the larger ovary were also recorded. If 
≥ 12 follicles measuring 2-9 mm in diameter were 
detected in an ovary, the sonographic criterion of 
PCO was met. The patients were divided into two 
groups, either by MOV (≥ 10 mL vs. < 10 mL) or 
by the presence/absence of PCO.

Statistical Analysis
SPSS software (ver. 22.0; IBM Corporation, 

Armonk, NY, USA) was used for the analysis. 
Shapiro-Wilk tests were used to assess the nor-
mality of the data. Homogeneity of variance was 
evaluated by Levene tests. When comparing two 
independent groups on quantitative measures, 
Mann-Whitney U tests were used. Pearson’s chi-
squared tests were used for comparison of cat-
egorical variables. To determine the risk levels 
of parameters associated with the QRS-T angle, 
we used univariate logistic regression analysis. 
Odds ratios (OR) were calculated along with 95% 
confidence intervals (CI) to examine differences 
in risk among groups. Quantitative variables are 
reported as means (X) ± standard deviation (SD) 
in the tables. Categorical variables are reported as 
number (n) and percent (%), and p-values <0.05 
were accepted as statistically significant.
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Results

A total of 92 patients with PCOS were ana-
lyzed, of whom 11 (11.9%) had abnormal QRS-T 
angles. Demographic, clinical, electrocardio-
graphic, and laboratory parameters were similar 
between the two groups, with the exception of 

ovarian volume. The MOV and ovarian volume 
were significantly larger in the patient group with 
abnormal QRS-T angles (Table I).

Among all participants, the percentage of pa-
tients with obesity (BMI ≥ 30 kg/m2) was 22.8%; 
the other values were as follows: hirsutism (FGS 
≥ 6), 93.5%; increased FBG (≥ 100), 9.8%; in-

Table I. Baseline clinical, laboratory and ECG findings of the patients.
  QRS-T angle

 Normal (n = 81) Abnormal (n = 11) Total (n = 92) 

  Mean (±SD)  p-value

Age (year) 22.93 (4.80) 20.91 (1.64) 22.68 (4.58) 0.431
Height (cm) 163.01 (5.54) 164.0 (5.13) 163.13 (5.48) 0.426
Body weight (kg) 71.31 (15.03) 70.60 (18.16) 71.23 (15.33) 0.741
BMI (kg/m2) 26.85 (5.57) 26.10 (5.93) 26.76 (5.58) 0.528
Waist (cm) 80.91 (11.44) 79.0 (12.23) 80.68 (11.48) 0.718
Hip (cm) 103.84 (10.98) 100.82 (13.13) 103.48 (11.22) 0.193
WHR 0.77 (0.06) 0.78 (0.06) 0.77 (0.06) 0.696
FGS 11.36 (5.18) 10.36 (3.77) 11.24 (5.03) 0.785
FBG (mg/dL) 88.41 (9.24) 88.0 (7.34) 88.36 (9.0) 0.880
Insulin (IU/L) 14.13 (7.86) 12.03 (7.59) 13.87 (7.82) 0.364
HOMAIR 3.13 (1.85) 2.70 (1.87) 3.07 (1.85) 0.400
Cp (ng/mL) 2.33 (1.02) 2.16 (1.04) 2.31 (1.01) 0.470
HbA1c (%) 5.29 (0.31) 5.39 (0.39) 5.30 (0.32) 0.578
DHEAS (mcg/dL) 262.75 (132.79) 258.66 (111.79) 262.26 (129.91) 0.995
Ttest (ng/dL) 61.40 (23.30) 70.75 (24.69) 62.52 (23.53) 0.260
FSH (IU/L) 6.08 (1.96) 6.71 (2.57) 6.16 (2.03) 0.268
LH (IU/L) 11.70 (8.14) 13.95 (7.13) 11.97 (8.03) 0.224
LH/FSH 1.97 (1.24) 2.10 (0.81) 1.99 (1.20) 0.390
PRL (ng/mL) 18.05 (25.55) 19.53 (12.14) 18.23 (24.29) 0.339
E2 (pg/mL) 90.23 (86.16) 96.96 (75.58) 91.04 (84.61) 0.652
Progesterone (ng/mL) 1.58 (2.48) 0.97 (0.89) 1.50 (2.35) 0.448
TSH (mIU/L) 2.01 (1.12) 2.27 (1.06) 2.04 (1.11) 0.312
fT4 (ng/dL) 1.04 (0.18) 1.02 (0.22) 1.04 (0.18) 0.543
fT3 (pg/mL) 3.25 (0.43) 3.48 (0.57) 3.28 (0.45) 0.278
ACTH (pg/mL) 27.62 (16.19) 24.07 (9.88) 27.20 (15.58) 0.535
Cortisol (mcg/dL) 15.03 (7.11) 15.65 (5.48) 15.10 (6.91) 0.504
GH (ng/mL) 2.49 (3.53) 1.88 (2.05) 2.43 (3.40) 0.992
IGF-1 (ng/mL) 182.28 (59.38) 161.38 (53.70) 180.13 (58.80) 0.686
25(OH)D3 (ng/mL) 15.14 (11.43) 9.54 (8.34) 14.47 (11.22) 0.064
TG (mg/dL) 99.70 (50.60) 104.18 (65.50) 100.23 (52.19) 0.880
LDL (mg/dL) 97.62 (25.31) 99.26 (27.79) 97.82 (25.46) 0.995
Tchol (mg/dL) 169.62 (30.77) 173.54 (34.31) 170.09 (31.04) 0.782
HDL (mg/dL) 51.87 (11.23) 53.30 (17.56) 52.04 (12.04) 0.791
TTV (cm3) 6684.98 (3220.90) 6616.33 (2542.17) 6676.77 (3135.42) 0.890
MOV (cm3) 10335.04 (7063.97) 14790.55 (5456.28) 10902.11 (6998.92) 0.032
Larger ovarian volume (cm3) 12256.30 (8903.88) 18510.83 (9480.23) 13052.33 (9133.12) 0.047
Heart rate (/min) 82.38 (12.64) 77.55 (16.35) 81.80 (13.12) 0.172
PR (msec) 145.89 (20.54) 156.55 (36.48) 147.16 (23.0) 0.555
QRS (msec) 86.10 (10.62) 88.45 (13.97) 86.38 (11.0) 0.441
QTc (msec) 411.94 (27.82) 408.45 (24.14) 411.52 (27.30) 0.714

Phenotype N   p-value

A 63 7 70 0.609
B 11 2 13 
C  6 2  8 
D  1 0  1 
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creased HOMAIR (≥ 2.7), 50%; adequate Cp 
(≥ 2), 54.3%; increased HbA1c (≥ 5.7%), 10.9%; 
prediabetes, 18.5%; increased DHEAS, 25%; in-
creased testosterone, 67.4%; increased LH/FSH 
ratio, 82.6%; ATPO positivity, 6.5%; decreased 
IGF-1, 5.9%; severe 25(OH)D3 deficiency (< 10), 
44.6%; hypertriglyceridemia, 15.2%; hypercho-
lesterolemia, 10.9%; low HDL, 47.8%; thyroid 
nodules, 7.6%; decreased thyroid echogenicity, 
27.2%; increased thyroid vascularity, 6.5%; PCO, 
85.9%; and high MOV, 43.6%. Univariate logistic 
regression showed that none of the clinical or 
laboratory parameters significantly predicted an 
abnormal QRS-T angle, with the exception of 
MOV (Table II). Multivariate logistic regression 
analysis was not performed on these data. A high 
MOV was a strong predictor of abnormal QRS-T 
angle (p=0.016).

Discussion

In this study, we found that a small percent-
age (11.9%) of PCOS patients had an abnormal 
QRS-T angle. The MOV and ovarian volume 
were significantly larger in this patient group. 
A high MOV was a strong predictor of abnor-
mal QRS-T angle. No other clinical and hor-
monal parameters were associated with QRS-T 
angle.

In addition to diabetes mellitus, hyperten-
sion, and hyperlipidemia, the frequency of CVD 
has been shown to be higher in patients with 
PCOS32. Increased BMI or fasting insulin, in-
sulin resistance, and a higher HOMAIR were 
shown to be associated with higher ovarian 
volume in patients with PCOS or metabolic 
syndrome33,34. In adolescent females, increased 
ovarian volume increased the risk of PCOS, 
and was correlated with circulating insulin and 
testosterone level in those with PCOS35. Ovar-
ian volume was also positively correlated with 
LH, but negatively correlated with DHEAS, in 
PCOS patients36-38. In another study, IGF-1 was 
found to be correlated with ovarian volume in 
patients with both active acromegaly and PCOS 
phenotypes39. Insulin resistance is a well-estab-
lished risk factor for CVD40,41. In one clinical 
review, IGF-1 was defined as atheroprotective, 
and lower IGF-1 was shown to be strongly asso-
ciated with an increased risk of CVD; however, 
opposite findings have also been reported42-45. 
In several studies, testosterone was found to be 
negatively correlated with QTc, and positively 
with QT dispersion, in PCOS patients17,46-48. In 
this way, it increases the risk of arrhythmia in 
patients with PCOS. Sustained increases in LH 
stimulate theca cells to secrete testosterone and 
androstenedione. Therefore, we propose that LH 
may be associated with increased cardiovascular 

Table II. Clinical and laboratory predictors for abnormal QRS-T angle (Univariate).

  Abnormal QRS-T angle
 Variables OR (95% CI) p-value

BMI (<30/≥30) 0.725 (0.144-3.650) 0.696
FGS (<6/≥6) 0.658 (0.070-6.217) 0.713
HOMAIR (<2.7/≥2.7) 0.813 (0.230-2.878) 0.748
FBG (<100/≥100) 0.913 (0.103-8.083) 0.934
Cp (<2/≥2) 0.271 (0.067-1.098) 0.055
HbA1c (<5.7/≥5.7) 2.028 (0.371-11.06) 0.406
Prediabetes (absence/presence) 1.795 (0.422-7.624) 0.423
DHEAS (normal/increased) 1.144 (0.277-4.731) 0.853
Ttest (normal/increased) 2.377 (0.480-11.76) 0.277
LH/FSHratio (<1/≥1) 2.273 (0.270-19.13) 0.439
AntiTPO (normal/increased) 0.926 (0.871-0.985) 0.350
25(OH)D3 (<10/≥10) 0.413 (0.112-1.525) 0.175
IGF-1 (decreased/normal) 0.310 (0.028-3.470) 0.318
Hypertriglyceridemia (absence/presence) 2.386 (0.548-10.39) 0.235
Hypercholesterolemia (absence/presence) 2.028 (0.371-11.06) 0.406
HDL (low/normal) 0.897 (0.253-3.178) 0.867
Thyroid nodule (absence/presence) 1.250 (0.136-11.48) 0.843
Thyroid echogenicity (decreased/normal) 0.560 (0.112-27.94) 0.475
Thyroid vascularity (normal/increased) 0.926 (0.871-0.985) 0.350
PCO (absence/presence) 0.707 (0.135-3.715) 0.681
MOV (<10/≥10) 10.00 (1.112-89.90) 0.016
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risk in PCOS. There are no reports demonstrat-
ing a direct association between MOV and CVD 
or arrhythmia in the literature. 

Based on the reports described above, ma-
ny clinical and laboratory factors may affect 
ovarian volume in PCOS. Moreover, we pro-
pose that higher MOV might be associated with 
an increased risk of CVD and arrhythmia via 
these factors. Although there was no association 
between BMI, WHR, HOMAIR, testosterone, 
LH, DHEAS, or IGF1 and QRS-T angle in our 
study, the correlation between a high MOV and 
abnormal QRS-T angle might be a result of the 
combined effects of insulin resistance and other 
hormonal parameters that affect MOV. Based on 
the knowledge that abnormal QRS-T angle is as-
sociated with CVD and arrhythmia, we propose 
that ovarian volume might be an indirect measure 
of CVD and arrhythmia in PCOS. However, there 
has been no report regarding the association be-
tween arrhythmia or CVD and ovarian volume, 
either in PCOS patients or other populations. We 
analyzed our patients at the time of PCOS diag-
nosis and did not follow them up to determine if 
any cardiovascular disorders developed. In one 
study investigating a PCOS cohort, the frequency 
of obesity, hyperandrogenemia, increased C-reac-
tive protein (CRP), hyperhomocysteinemia, and 
metabolic syndrome were higher in patients with 
a high MOV than in those with a normal MOV49. 
In the same study, decreased MOV (via met-
formin therapy) was positively correlated with a 
decrease in LDL, homocysteine, and CRP levels 
in PCOS patients. Therefore, cardiovascular risk 
factors may be associated with MOV, and may 
change with MOV-altering therapy. Further clin-
ical studies are necessary to determine whether 
there is any direct association between MOV and 
arrhythmia or CVD, both in patients with PCOS 
and in the general population. Furthermore, it 
should be determined whether there is any effect 
of therapies other than metformin on the associ-
ation between MOV and CVD during follow-up 
of PCOS patients. Based on our findings, we 
recommend that baseline ECG, and cardiological 
evaluation if there is an abnormal QRS-T angle, 
be conducted in patients with PCOS and a high 
MOV. We also recommend repeating ECG anal-
ysis during follow-up of patients being treated 
for PCOS, if the QRS-T angle is abnormal on 
baseline ECG.

There are a limited number of studies showing 
a relationship between ECG findings and hor-
monal parameters in PCOS. In one study, a neg-

ative association was reported between insulin 
sensitivity and QTc interval, both in diabetic and 
nondiabetic patients50. Gazi et al23 found positive 
associations of QTc and HOMAIR with hyperin-
sulinemia in patients with PCOS. We found no 
association between QRS-T angle and parameters 
of insulin resistance, such as BMI, WHR, HO-
MAIR, FBG, HbA1c, Cp, or prediabetes. Indeed, 
QTc is not equivalent to QRS-T angle in terms 
of its predictive value for CVD and arrhythmia. 
However, to our knowledge, our study is the first 
to analyze the association between QRS-T angle 
and the hormonal and sonographic features of 
patients with PCOS. Testosterone was reported 
to be negatively correlated with QTc, and pos-
itively correlated with P and QT dispersion, in 
PCOS patients17,21-23. We found that heart rate, PR, 
QRS, and QTc were similar between patients with 
abnormal vs. normal QRS-T angles. Moreover, 
QRS-T angle was not associated with parameters 
of hyperandrogenism, such as FGS, Ttest, or 
DHEAS. Hence, we propose that the association 
between MOV and abnormal QRS-T angle is 
independent of QTc. However, no reports have 
examined whether there is a direct association 
between QTc and MOV, either in PCOS patients 
or in other patient populations. Similarly, thyroid 
function tests and the findings of thyroid sonog-
raphy were similar between patients with normal 
and abnormal QRS-T angles. Hyperlipidemia, 
dyslipidemia, 25(OH)D3, GH, and IGF-1 were not 
correlated with abnormal QRS-T angle.

Strengths and Limitations
No previous study has reported the predictive 

value of QRS-T angle measurements for CVD or 
arrhythmia, nor its relationship to hormonal or 
sonographic parameters, in a PCOS population. 
There are also no reports in the literature of a 
direct association between MOV and CVD or ar-
rhythmia, in PCOS or in any other clinical condi-
tion. Our study is the first to show an association 
of abnormal QRS-T angle (and hence, indirectly, 
increased risk of arrhythmia and CVD), with 
hormonal and sonographic parameters in PCOS 
patients. Echocardiographic analysis should be 
considered in the evaluation of cardiovascular 
risk, as predicted by the QRS-T angle in PCOS 
patients. We analyzed our patients at diagnosis 
of PCOS and did not follow them to determine 
whether cardiovascular disorders developed. Al-
so, the effect of therapeutic measures on the as-
sociation between QRS-T angle and other clinical 
features was not analyzed in this study.
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Conclusions

There is a limited number of studies showing 
a relationship between ECG and hormonal pa-
rameters in PCOS patients. To our knowledge, 
our study is the first to analyze the associations 
of QRS-T angle with hormonal or sonographic 
features of these patients. We found that a small 
percentage of PCOS patients had an abnormal 
QRS-T angle, and that a high MOV was a strong 
predictor of its presence. Hence, high MOV might 
be an indirect indicator of CVD. Multiple clin-
ical and laboratory factors may affect ovarian 
volume in PCOS, and the correlation between a 
high MOV and abnormal QRS-T angle might be 
a result of combined effects of insulin resistance 
and other hormonal parameters on MOV. Fur-
ther clinical studies are necessary to determine 
if there is any direct association between MOV 
and arrhythmia or CVD in patients with PCOS, 
or in the general population. Furthermore, it 
will be important to investigate whether there is 
any effect of PCOS therapies on the association 
between MOV and CVD. We recommend obtain-
ing a baseline ECG, in addition to cardiological 
evaluation if there is an abnormal QRS-T angle, 
in patients with PCOS and high MOV. We also 
recommend repeating ECG analysis during the 
follow-up of patients under treatment, if QRS-T 
angles are abnormal at diagnosis.
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