
Subclinical hypothyroidism, or mild thyroid fail-
ure, is a described as a state in which the thyroid stim-
ulating hormone (TSH) level is increased with 
normal free T3 and T4 levels. Its prevalence ranges 
from 4% to 10% in the general population and in-
creases with age.1 It is mostly asymptomatic, but af-
fected individuals may show symptoms such as those 

seen in overt hypothyroidism, including tiredness, 
weight gain, and constipation.2 Deficiency of thyroid 
hormones is associated with increased cardiovascular 
mortality, arrhythmia, autonomic disturbances, and 
heart failure.3,4 However, the impact of subclinical 
hypothyroidism on the cardiovascular autonomic sys-
tem remains a matter of debate. Several studies have 
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ABS TRACT Objective: Thyroid hormones have important effects on 
cardiovascular system. The aim of the present study was to assess QT 
and P wave dispersion (PWD) in subclinic hypothyroid patients. Mate-
rial and Methods: A total of 125 subjects were enrolled in the study. 
The study group consisted of 60 subclinical hypothyroid patients, and 
the control group included 66 age and sex matched individuals. All sub-
jects underwent two-dimensional echocardiographic and electrocardio-
graphic examination. QT dispersion (QTD), corrected QTD (QTDc) and 
PWD were calculated. Results: There were no differences between two 
groups with respect to age, gender, smoking habit, heart rate, systolic and 
diastolic blood pressure. Study group had higher values of Max QT, min 
QT, QTD, max QTc, minQTc, QTDc, P max, P min and PWD and thy-
roid stimulating hormone (TSH) level compared to control group. Serum 
TSH levels were positively correlated with max QT, min QT, QTD, max 
QTc, min QTc, QTDc, P max, P min and PWD intervals. According to 
multivariate logistic regression analysis, PWD (OR: 1.046, 95% CI: 1.03-
1.090, p=0.034) was an independent predictor for the presence of sub-
clinical hypothyroidism. Receiver operating characteristic curve analysis 
demonstrated that PWD value of 49.5 ms predicted subclinical hypothy-
roidism with 66.7% sensitivity and 62.1% specificity (AUC: 0.674, 95% 
CI: 0.581-0.765, p=0.001). Conclusion: QTD, QTDc and PWD may be 
used in clinical practice to evaluate subclinical hypothyroid patients who 
are at risk of arrhythmias and paroxysmal atrial fibrillation. 
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ÖZET Amaç: Tiroid hormonu kardiyovasküler sistem üzerinde önemli 
etkilere sahiptir. Bu çalışmanın amacı, subklinik hipotiroidi hastala-
rında P dalga ve QT dispersiyonunu analiz etmektir. Gereç ve Yön-
temler: Çalışmaya toplam 125 kişi alındı. Çalışma grubu 60 subklinik 
hipotiroidi hastası, kontrol grubu ise 66 yaş ve cinsiyete göre eşleşti-
rilmiş bireyden oluştu. Çalışmaya alınan tüm bireylere 2-boyutlu eko-
kardiyografik inceleme, elektrokardiyogram yapıldı. QT dispersiyonu 
(QTD), düzeltilmiş QTD (QTDd) ve P dalga disepersiyonu (PDD) öl-
çüldü. Bulgular: Her 2 grup arasında yaş, cinsiyet, sigara içiciliği, sis-
tolik kan basıncı, diyastolik kan basıncı ve kalp hızı bakımından fark 
bulunmadı. Maksimum QT, minimum QT, QTD, maksimum QTd, mi-
nimum QTd, QTDd, P maksimum, P minimum, PDD ve tiroid stimule 
edici hormon (TSH) çalışma grubunda anlamlı olarak yüksek bulundu. 
Serum tiroid uyarıcı hormon değeri ile elektrokardiyografik paramet-
reler arasında istatistiksel olarak anlamlı korelasyon saptandı. Multi-
varyant lojistik regresyon analizine göre PDD subklinik hipotirodi 
varlığı için bağımsız bir prediktör idi (OR: 1,046, %95 CI: 1,03-1,090, 
p=0,034). PDD’nin 49,5 ms değeri subklinik hipotiroidiyi %66,7 du-
yarlılık ve %62,1 özgüllük ile predikte etti (AUC: 0,674, %95 CI: 
0,581-0,765, p=0,001). Sonuç: QTD, QTDd, PDD subklinik hipoti-
roidi hastalarında uzamıştır ve bu parametreler aritmi ve paroksizmal 
atriyal fibrilasyon tahmini için kullanılabilirler.  
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documented a hypofunctional parasympathetic sys-
tem and increased activity of the sympathetic system 
by analyzing heart rate variability.5,6 However, an in-
crease in parasympathetic activity, along with de-
creased sympathetic activity, has also been reported.7 

Duration of ventricular depolarization and repo-
larization are represented on electrocardiogram (ECG) 
as QT interval. Extension of one or both of these com-
ponents is associated with QT prolongation. QT dis-
persion (QTD) is the difference between the shortest 
and longest QT intervals calculated from a surface 
ECG. An increase in QTD values is associated with 
autonomic nervous system abnormalities and de-
creased parasympathetic tonus in healthy subjects.8 It 
has prognostic value in several clinical conditions, 
such as acute myocardial infarction, heart failure, di-
abetes mellitus, and stroke.9-12 An increased QTD has 
also been reported in systemic lupus erythematosus, 
rheumatoid arthritis, and ankylosing spondylitis.13-15 P 
wave dispersion (PWD) is calculated by subtracting 
the longest P wave interval from the shortest P wave 
interval on surface ECG. Increased PWD indicates 
heterogeneous atrial activation, which favors the gen-
eration of atrial arrhythmias. The PWD has a predic-
tive value for atrial fibrillation.16,17 

Since both PWD and QTD are shown to provide 
information about autonomic nervous system activ-
ity, it is expected that they will become abnormal in 
various clinical situations. Therefore, the aim of the 
current study was to investigate these two parame-
ters, which are indirect markers of atrial and ventric-
ular arrhythmias in patients with subclinical 
hypothyroidism. 

 MATERIAL AND METHODS 
A total of 125 subjects who applied to our clinic be-
tween August and December 2020 were included in 
this case-control study. The study group consisted 
of 60 subclinical hypothyroid patients, and the con-
trol group consisted of 66 age and sex matched in-
dividuals. The Kafkas University local ethics 
committee approval and written informed consent 
of all participants were obtained prior to the study 
(approval number: 80576354/223, approval date: 
29.05.2020). The study was conducted in accordance 

with the Helsinki Declaration. Subjects currently 
taking any medication or those with hypertension, 
coronary artery disease, rhythm-conduction abnor-
malities, valvular heart disease, renal/hepatic prob-
lems, diabetes mellitus, hyperlipidemia, and chronic 
diseases were not enrolled in the study. 

Body mass index of the study subjects was cal-
culated from self-reported weight and height. Right 
arm blood pressure (BP) was taken after a five-
minute rest. Venous blood samples were drawn from 
the antecubital vein after an overnight fast. All sub-
jects underwent two-dimensional echocardiographic 
examination according to the guidelines of the Amer-
ican Society of Echocardiography.18 

All ECG recordings were performed in relaxed 
and supine position (Nihon Coden America, Cardiofax 
S) with a 25 mm/sec paper speed and 1 mV=10 mm 
calibration. Two cardiologists who were blinded to the 
patients’ data measured P wave and QT intervals man-
ually by using magnifying glass. Measurement of QT 
interval was done from the beginning of Q wave to the 
point where T wave returns isoelectric line. If there 
was an U wave, the nadir between T and U wave was 
accepted as isoelectric line. Bazzet formula was used 
to calculate corrected QT interval. For the calculation 
of P wave duration intersection of the starting and end-
ing points of P wave with isoelectric line was used. 
PWD was calculated by subtracting the P wave mini-
mum duration from P wave maximum duration. Three 
consecutive measurements were made for each lead, 
and averaged value was used for each parameter. 

STATISTICAL ANALYSIS 
Normality of distribution was assessed by using Kol-
mogorow-Smirnow test. Parametric and non-para-
metric data were expressed as mean±SD and 
median-IQR (IQR1-IQR3), respectively. Comparison 
between groups was done by using independent sam-
ples-t test and Mann-Whitney U test. Categorical data 
were compared by chi-square test. Correlation be-
tween parameters was conducted by Pearson and 
Spearman correlation analysis. Multivariate logistic 
regression was made to assess the independent pre-
dictors for the presence of subclinical hypothy-
roidism. Diagnostic values of independent predictors 
were assessed by receiver operating characteristic 
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(ROC) curve analysis. A p value of less than 0.05 was 
considered as significant. 

 RESULTS 
Parameters such as age, gender, smoking habit, sys-
tolic blood pressure, diastolic blood pressure and 
heart rate were not different between two groups. 
Max QT, min QT, QTD, max QTc, minQTc, QTDc, 
P max, P min and PWD and TSH level were signifi-
cantly higher in study group in contrast to control 
group. Clinical characteristics and electrocardiogram 
findings of the groups are given in Table 1. 

Serum TSH levels were positively correlated 
with max QT, min QT, QTD, max QTc, min QTc, 
QTDc, P max, P min and PWD intervals. Correlation 
of TSH with electrocardiographic parameters is 
shown in Table 2. 

According to multivariate logistic regression 
analysis, PWD (OR: 1.046, 95% CI: 1.03-1.090, 

p=0.034) was an independent predictor for the pres-
ence of subclinical hypothyroidism. ROC curve 
analysis demonstrated that PWD value of 49.5 ms pre-
dicted subclinical hypothyroidism with 66.7% sensi-
tivity and 62.1% specificity (AUC: 0.674, p=0.001, 
95% CI: 0.581-0.766 AUC: 0.675) (Figure 1). 

 DISCUSSION 
There were no differences with respect to free T3 and 
T4 levels between two groups. Subclinical hypothy-
roid patients had higher QTD, QTDc, and PWD val-
ues than those in the control group. All elect- 
rocardiographic parameters had a significantly posi-
tive correlation with the TSH level. The only predic-
tor of the presence of subclinical hypothyroidism was 
PWD 

ECG from different leads record the electrical 
activity of the heart from different angles. Therefore, 
QTD and PWD were proposed as direct measure-
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Control group (n=66) Study group (n=60) p value 
Age (years) 37.56 (31.75-43.00) 36.87 (31.25-41.25) 0.839 
Gender (n, %) 0.515 
Female 39 (59) 32 (53)  
Male 27 (41) 28 (47)  
Smoking n (%) 10 (15) 9 (15) 0.981 
BMI (kg/m2) 24.555 (23.135-25.797) 24.600 (23.14-25.69) 0.893 
SBP (mmHg) 120.00 (100.00-135.00) 120.00 (90.00-130.00) 0.502 
DBP (mmHg) 74.50 (69.25-84.00) 75.00 (62.00-84.00) 0.955 
HR (bpm) 78.00 (74.00-89.25) 74.00 (69.25-84.00) 0.073 
MAX QT (ms) 368.00 (354.75-379.25) 386.50 (355.00-379.00) <0.001 
MIN QT (ms) 332.86±13.382 341.67±12.297 0.039 
QTD (ms) 37.42±13.660 45.52±13.351 <0.001 
MAX QTc (ms) 386.5 (378.75-395.75) 408.00 (379.00-395.00) <0.001 
MIN QTc (ms) 340.26±13.087 352.28±14.082 <0.001 
QTD c (ms) 46.35±14.623 56.90±13.605 0.003 
P MAX (ms) 86.00 (84.00-104.00) 98.00 (84.00-104.00) 0.003 
P MIN (ms) 53.48±12.045 50.45±13.682 0.003 
PWD (ms) 36.41±12.593 48.82±12.861 <0.001 
TSH (mU/l) 3.13 (1.862-3.47) 8.95 (6.37-11.20) <0.001 
Free T3 (mU/l) 3.182±0.727 3.365±0.606 0.086 
Free T4 (mU/l) 1.275 (1.122-1.427) 1.260 (1.08-1.32) 0.378

TABLE 1:  Clinical characteristics and electrocardiogram findings of the groups. 

BMI: Body mass index; DBP: Diastolic blood pressure; SBP: Systolic blood pressure; HR: Heart rate; Max QT: Maximum QT interval; Max QTc: Maximum corrected QT interval; Min 
QT: Minimum QT interval; Min QTc: Minimum corrected QT interval; PD: P wave dispersion; P max: Maximum P wave duration; P min: Minimum P wave duration; PWD: P wave dis-
persion; QTD: QT dispersion; QTDc: Corrected QT dispersion; TSH: Thyroid stimulating hormone; T3: Triiodothyronine; T4: Thyroxine.
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ments of ventricular and atrial repolarization hetero-
geneity, with large differences indicating an in-
creased risk of arrhythmias and death. Since these 
parameters provide helpful information about my-
ocardial heterogeneity, increased values may indicate 
cardiac involvement in subclinic hypothyroid pa-
tients. 

Since the cardiovascular system is one of the 
major targets for thyroid hormone action, a slight de-

ficiency of it may affect cardiovascular homeostasis. 
Hypothyroidism related autonomic nervous dysfunc-
tion may be related to elevated thyrotropin-releasing 
hormone levels, which influence sympathetic activity 
within the central nervous system.19 Studies per-
formed on patients with primary hypothyroidism 
showed that both the QTc interval and the QTD in-
creased in proportion to the level of TSH.20 

There is a lack of sufficient scientific informa-
tion on whether subclinical hypothyroidism has an 
effect on autonomic nervous system activity, and 
studies on this topic have had controversial results. 
Galetta et al. measured QTD and heart rate variabil-
ity (HRV) parameters in subclinical hypothyroid pa-
tients. In their study, LF/HF ratio and QTD values 
were significantly higher than the controls and posi-
tively correlated with the serum TSH level.21 Several 
other studies have also shown findings indicating 
higher sympathetic activity with parasympathetic hy-
pofunction.22-24 It has been suggested that subclinical 
hypothyroidism is related with increased cardiovas-
cular morbidity and mortality, especially when the 
serum level of TSH is higher than 10 IU/ml.25 

Sahin et al. reported that autonomic nervous sys-
tem activity did not differ between subclinical hy-
pothyroid patients and normal subjects unless the TSH 
level was higher than 10 mU/l. In this group of pa-
tients, there was an increase in sympathetic activity in 
correlation with the TSH level, which may hint that the 
high-risk group will likely proceed into overt hy-
pothyroidism.7 Yet another study found no difference 
in HRV parameters in subclinic hypothyroid patients 
compared to their euthyroid counterparts.26 

Subclinical hypothyroid patients had signifi-
cantly higher values of QTD, QTDc, which were cor-
related with TSH levels. According to our analysis, 
PWD was the only independent predictor of subclin-
ical hypothyroidism. The difference between our 
study and other studies was that besides measuring 
QTD and QTDc, we also measured PWD values, and 
PWD was found to be an independent predictor of the 
presence of subclinical hypothyroidism. PWD, a 
marker for atrial remodeling, is an easily obtainable 
parameter from surface ECG. Increased PWD values 
indicate prolonged inter-intraatrial conduction time 
with a disorganized electrical activity and atrial con-
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r value p value 
Max QT 0.538** <0.001 
Min QT 0.221* 0.013 
QTD 0.383** <0.001 
Max QTc 0.472** <0.001 
Min QTc 0.259** 0.003 
QTDc 0.363** <0.001 
P max 0.490** <0.001 
P min 0.174 0.052 
PWD 0.430** <0.001

TABLE 2: Correlation of thyroid stimulating hormone 
with electrocardiographic parameters. 

*Correlations significant at the 0.05 level. **Correlations significant at the 0.01 level.  
Max QT: Maximum QT interval; Max QTc: Maximum corrected QT interval; Min QT: Min-
imum QT interval; Min QTc: Minimum corrected QT interval; PD: P wave dispersion; P 
max: Maximum P wave duration; P min: Minimum P wave duration; PWD: P wave dis-
persion; QTD: QT dispersion; QTDc: Corrected QT dispersion.

FIGURE 1: ROC analysis of PWD for predicting subclinical hypothyroidisim. 
PWD: P wave dispersion; ROC: Receiver operating characteristic. 
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traction.27 PWD value of ≥40 ms. has been reported 
to reflect heterogeneous activity in atrium, increased 
risk of atrial arrhythmias and atrial fibrillation.28 An 
increased PWD values should alert physicians about 
the increased risk of atrial fibrillation. 

 CONCLUSION 
PWD, and QTD are simple and easily obtainable pa-
rameters from surface ECG, reflecting variations in 
atrial and ventricular repolarizations and denoting in-
formation about the autonomic nervous system and 
cardiac functioning. These simple parameters may be 
used in clinical practice to evaluate subclinical hy-
pothyroid patients who are at risk of arrhythmias and 
paroxysmal atrial fibrillation. 

Some limitations of our study were that it was a 
single-center study and the sample size was small. 
Additionally, we did not follow the study group in 
terms of arrhythmia occurrence, and we did not test 
the effect of thyroid hormone replacement on elec-
trocardiographic parameters. 
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