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Abstract 

Aim: An increased risk of arrhythmia has been shown in patients with psoriatic arthritis (PsA). Tp-e interval and Tp-e/QT ratio are 

considered useful markers for the assessment of myocardial repolarization heterogeneity. In present study we aim to investigate the 

characteristics of ventricular repolarization on the basis of QTc interval and Tp-e/QTc ratio in patients PsA. 

Methods: This cross-sectional observational study included patients with psoriatic arthritis who were over 18 years of age. A control 

group was created with healthy volunteers. The diagnosis of psoriatic arthritis were done according to the CASPAR criteria. QT 

interval, corrected QT (QTc), Tp-e interval, Tp-e/QT ratio and Tp-e/QTc ratio were measured from the 12-lead electrocardiograms 

(ECG) of the PsA patients and control group.  

Results: The study population consisted of 82 patients with PsA and 82 healthy volunteers. According to electrocardiographic 

parameters the heart rate was similar in both groups, but QT, QTc, Tp-e intervals; Tp-e /QT and Tp-e/ QTc ratios were significantly 

higher in the PsA group. The median Tp-e/QTc ratio of the patients with PsA was significantly higher than the median Tp-e/QTc ratio of 

the control group (0.21 (0.20-0.25) vs. 0.18 (0.17-0.19, P<0.001). The correlation analysis showed a weak correlation between Tp-

e/QTc ratio and CRP value (r=0.197, P=0.012). 

Conclusions: This is the first study to demonstrate the prolongation of the Tp-e/QTc ratio in patients with PsA. Prospective clinical 

studies to observe clinical importance of this finding particularly with regard to the arrhythmias and sudden death may be more valuable.  

Keywords: Psoriatic arthritis, Electrocardiography, Tp-e/QTc ratio, Myocardial repolarization 

 

Öz 

Amaç: Psoriatik artritli (PsA) hastalarda aritmi riski artışı olduğu gösterilmiştir. Tp-e aralığı ve Tp-e/QT oranı, miyokardiyal 

repolarizasyon heterojenitesinin değerlendirilmesinde yararlı belirteçler olarak kabul edilmektedir. Bu çalışmada PsA hastalarında QTc 

aralığı ve Tp-e/QTc oranı temelinde ventriküler repolarizasyonun özelliklerini incelemeyi amaçladık. 

Yöntemler: Bu kesitsel gözlemsel çalışmaya 18 yaşın üzerinde psoriatik artritli hastalar dahil edildi. Sağlıklı gönüllülerden bir kontrol 

grubu oluşturuldu. Psoriatik artrit tanısı CASPAR kriterlerine göre yapıldı. PsA hastalarının ve kontrol grubunun 12 kanallı 

elektrokardiyogramlarından (EKG) QT aralığı, düzeltilmiş QT (QTc), Tp-e aralığı, Tp-e/QT oranı ve Tp-e/QTc oranı ölçüldü. 

Bulgular: Çalışma popülasyonu 82 PsA hastası ve 82 sağlıklı gönüllüden oluşuyordu. Elektrokardiyografik parametrelere göre kalp hızı 

her iki grupta da benzerdi, ancak QT, QTc, Tp-e aralıkları; Tp-e/QT ve Tp-e/QTc oranları PsA grubunda anlamlı olarak yüksekti. PsA'lı 

hastaların medyan Tp-e/QTc oranı, kontrol grubunun medyan Tp-e/QTc oranından (0,21 (0,20-0,25) ve 0,18 (0,17-0,19, P<0,001) 

anlamlı olarak daha yüksekti. Korelasyon analizi Tp-e/QTc oranı ile CRP değeri arasında zayıf bir korelasyon gösterdi (r=0,197, 

P=0,012). 

Sonuçlar: Bu çalışma PsA hastalarında Tp-e/QTc oranının uzadığını gösteren ilk çalışmadır. Bu bulgunun özellikle aritmiler ve ani ölüm 

açısından klinik önemini gözlemlemeye yönelik ileriye dönük klinik çalışmalar daha değerli olabilir. 

Anahtar kelimeler: Psoriatik artrit, Elektrokardiyografi, Tp-e/QTc oranı, Miyokardiyal repolarizasyon 
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Introduction 

Psoriatic arthritis (PsA) is a chronic inflammatory joint 

disease and included as one of the  spondyloarthropathies (SpA) 

[1], with a prevalence of PsA in the general population of about 

0.1–0.25 % [2,3]. It is known that concomitant cardiovascular 

risk factors are higher in psoriatic arthritis patients than in the 

normal population [4,5]. Cardiovascular events have also been 

shown to be more common in these patients than in the normal 

population [6]. 

Cardiovascular disease is the most common cause of 

death in psoriatic arthritis. It is thought that endothelial 

dysfunction and arterial stiffness may have an effect on 

cardiovascular morbidity and mortality in psoriatic arthritis as in 

many other inflammatory diseases [6].  

Some previous studies have reported an increased risk 

of cardiac arrhythmia in psoriasis [7]. Heart rate variability, 

which is an indicator of cardiac autonomic regulation, has been 

shown to decrease in psoriatic arthritis [8]. In another study, it 

was shown that the Tp-e interval and Tp-e/QT ratio, which are 

considered the predictors of ventricular arrhythmia, were 

prolonged in patients with psoriasis vulgaris [9]. In our study, we 

planned to investigate the characteristics of ventricular 

repolarization on the basis of QTc interval and Tp-e/QTc ratio in 

patients with psoriatic arthritis, which can be seen in 6-39% of 

psoriasis patients [2,3].  

Materials and methods 

This cross-sectional observational study included 

patients with psoriatic arthritis who were over 18 years of age 

who presented to the rheumatology outpatient clinic between 

February 2020 and June 2020 and were diagnosed with psoriatic 

arthritis according to the CASPAR criteria [10] and have been 

treated at least 6 months. 

Patients with a history of coronary artery disease, 

moderate to severe valvular heart disease, prior pacemaker 

insertion, history of dysrhythmia, cardiomyopathy, acute and 

chronic renal failure, abnormal thyroid function test, abnormal 

electrolyte values, and those who were on antiarrhythmic drug 

treatment and using other drugs that can affect Tp-e and QTc 

intervals such as antiarrhythmic agents, antipsychotic agents, 

tricyclic antidepressants, and  b-blockers were excluded from the 

study. The study protocol was approved by the Ethics Committee 

of Dışkapı Training and Research Hospital with the approval 

number of 81/06 at 3/2/2020, and informed consent was obtained 

from each patient.  

Demographic information of the patients, including age, 

gender and body mass index (BMI), history of hypertension 

(HT), hyperlipidemia, and smoking status were recorded. The 

laboratory tests included complete blood count, erythrocyte 

sedimentation rate (ESH), C- reactive protein (CRP), fasting 

glucose level, lipid profile, liver, and kidney and function tests.  

Assessment of ECG 

The 12-lead ECG recordings were taken at the supine 

position with a paper speed of 50 mm/sec and voltage of 10 

mm/mV using standard ECG system (CardiofaxV model 9320, 

Nihon Kohden, Tokyo, Japan). QT interval, and Tp-e interval 

were measured manually. Tp-e/QT ratio and Tp-e/QTc ratio 

were calculated from these measurements. The onset of P wave 

was defined as the first visible upward departure from the 

baseline, and the end of P wave was defined as returning to 

baseline. QT interval was defined as the time from the onset of 

the QRS to the point at which T wave returns to baseline. QTc 

interval was calculated using the Bazett’s formula. We used the 

tangent method to measure Tp-e in leads V2 and V5. The 

‘tangent’ method of measuring Tp-e defines T-peak as the 

maximum positive or negative deflection of T wave from the 

isoelectric line. The T-end is defined as the intersection of the 

isoelectric line with the tangent to the down slope of the T wave. 

Tp-e/QTc ratio was also calculated because of the uncertainty in 

the literature regarding whether Tp-e is rate- dependent. All 

measurements were performed by two independent investigators 

who were blinded to the clinical status of the subjects. Tp-e 

measurement was not performed in cases of excessive artifact or 

T wave flatness.  

Statistical analysis 

Statistical analysis was performed using SPSS Version 

23 (IBM Corp; Armonk, NY, USA) statistical software. 

Categorical data were presented as numbers and percentages. 

Continuous variables were presented as mean (standard 

deviation) when normally distributed, and as median and 

interquartile ranges otherwise. The Kolmogorov-Smirnov test 

was performed in order to test the normality of the numerical 

variables. For variables that were not normally distributed, non-

parametric statistical methods were used and Mann-Whitney U 

test was performed in order to compare two independent groups. 

Student T test was performed in order to compare two 

independent groups for normally distributed variables. 

Categorical variables were compared with the x2 test. Correlation 

analyses were used to identify the related parameters with the 

Tp-e/QTc ratio. Pearson’s correlation coefficients were used to 

assess the strength of the relationship between continuous 

variables and Spearman’s correlation analysis for non-continuous 

and categorical variables. A P-value <0.05 was considered 

statistically significant. 

Results 

Our study included 82 PsA patients and 82 age and 

gender-matched controls. The demographic, laboratory and data 

of patients with and without PsA are presented in Table 1. 

Patient groups with and without PsA were similar in terms of 

basal characteristics. Median age of the PsA group was 53.5 

(45.7-60.2) years and the median age of the control group was 50 

(48-55) years (P=0.064).  

Patient groups with and without PsA were similar in 

terms of gender distribution, comorbidities, hypertension 

hyperlipidemia and smoking status. According to 

electrocardiographic parameters the heart rate was similar in both 

groups, but QT, QTc, Tp-e intervals, Tp-e /QT and Tp-e/ QTc 

ratios were significantly higher in the psoriatic arthritis group. 

The median Tp-e/QTc ratio of the patients with PsA was 0.21 

(0.20-0.25). The median Tp-e/QTc ratio of the control group was 

0.18 (0.17-0.19) (P<0.001). The electrocardiographic parameters 

of both the groups are shown in Table 2. Table 3 presents the 

correlation analyses between the Tp-e/QT ratio and the study 
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parameters. The single parameter that is associated with the Tp-

e/QTc ratio was CRP value (r=0.197, P=0.012). 
 

Table 1: Basal characteristics of the study participants 
 

 Psoriatic arthritis (n=82) Control (n=82) P-value 

Age (years)  53.5(45.7-60.2) 50(48-55) 0.064 

Female Gender, n (%) 47 (57.3) 49 (59.8) 0.874 

Diabetes mellitus, n (%) 6 (7.3) 8 (9.8) 0.781 

Hypertension, n (%) 25 (30.5) 31 (37.8) 0.410 

Hyperlipidemia, n (%) 21 (25.6) 31 (37.8) 0.131 

Smoking, n (%) 13 (15.9) 16 (19.5) 0.683 

BMI (kg/m2) 23.3 (1.8) 23.1 (1.7) 0.484 

Creatinine (mg/dL) 0.85 (0.3) 0.81 (0.1) 0.303 

Potassium (mEq/L) 4.3(4.0-4.5) 4.4(4.1-4.5) 0.129 

Fasting glucose (mg/dL) 90 (87-98) 87(86-94) 0.051 

AST U/L 20 (16.5-25) 19 (16-23) 0.186 

ALT U/L 20 (14.5-25) 20 (12-27) 0.941 

TC (mg/dL) 194 (168-218) 181 (169-205) 0.233 

Triglyceride (mg/dL) 116 (91-171) 117 (89-181) 0.897 

HDL (mg/dL) 51 (46-57) 48 (41-52) 0.547 

LDL (mg/dL) 123(108-143) 115 (102-130) 0.285 

Hemoglobin (mg/dL) 13.2(12.3-14.2) 13.5 (13.2-13.8) 0.303 

WBC 6.7 (5.7-8.1) 6.5 (5.4-8.8) 0.649 

ESR (mm/sec) 10 (4.7-17.2) 7.6 (7-8.1) 0.045 

CRP (mg/L) 3.8 (1.7-8.9) 3(2-4)  0.028 
 

BMI: body mass index, TC: total cholesterol, WBC: White blood cell count, ESR: erythrocyte sedimentation 

rate, CRP: C reactive protein 
 

Table 2: Electrocardiographic findings of the study participants 
 

 Psoriatic arthritis (n=82) Control (n=82) P-value 

Heart rate  79.5 (11) 78 (11) 0.720 

QT (ms) 390 (378-400) 380 (370-390) 0.007 

QTc  (ms) 406 (390-428) 399 (380-408) 0.001 

Tpe (ms) 90 (80-100) 72 (68-75) <0.001 

Tp-e/QT 0.22 (0.21-0.27) 0.19 (0.17-0.20) <0.001 

Tp-e/ QTc 0.21 (0.20-0.25) 0.18 (0.17-0.19) <0.001 
 

Table 3: The association between the Tp-e/QTc ratio and variables 
 

Variables Bivariate correlation 

r P-value 

Age 0.061 0.440 

Female gender -0.018 0.820 

Diabetes mellitus -0.072 0.358 

Hypertension -0.101 0.197 

Hyperlipidemia -0.017 0.827 

Smoking  0.088 0.264 

BMI 0.039 0.619 

WBC 0.023 0.775 

ESR 0.100 0.204 

CRP 0.197 0.012 
 

BMI: body mass index, WBC: White blood cell count, CRP: C reactive protein, ESR: erythrocyte 

sedimentation rate 
 

Discussion 

The prevalence of cardiovascular diseases is increased 

in psoriatic arthritis patients and the leading cause of mortality is 

cardiovascular diseases [6,11-13]. There are studies about the 

increased risk of arrhythmia in these patients [14]. The Tp-e/QTc 

ratio is an electrocardiographic parameter and useful in the 

prediction of ventricular arrhythmias [15-17]. The association 

between the presence of PsA and Tp-e/QTc prolongation has not 

been studied before. In the present study, we showed that the Tp-

e/QTc ratio is prolonged in psoriatic arthritis patients. 

The T-peak to T-end interval (Tp-e) on the 12-lead 

electrocardiogram (ECG) is in correlation with dispersion of 

ventricular repolarization and considered as a predictor of 

ventricular tachyarrhythmia and death [18-20]. The 

heterogeneity of ventricular repolarization dispersion causes 

heterogeneity in myocardial refractoriness. This variability 

provides a predisposition to the ventricular arrhythmias [21]. Tp–

e interval is affected by heart rate variability, Tp–e/QTc index is 

thought to be more meaningful to eliminate this effect [22].  

In the present study both QTc and Tp-e/QTc were 

prolonged in PsA patients. These findings show us that 

repolarization is delayed and at the same time the distribution of 

repolarization is impaired. In a previous study it was shown that 

patients with psoriasis were at higher risk of developing 

arrhythmia, particularly for those with psoriatic arthritis, 

independent of traditional cardiovascular risk factors [14]. The 

underlying mechanism beneath the increased arrhythmic risk in 

PsA is not known. 

Many chronic inflammatory diseases are associated with 

an increased incidence of atrial and ventricular arrhythmias 

[23,24]. Many inflammatory markers, such as tumor necrosis 

factor-alfa, IL-2, IL-6 were associated with cardiac arrhythmias 

[25]. 

In previous studies, elevated CRP values were 

associated with QTc prolongation in healthy individuals [26,27] 

and in patients with chronic inflammatory arthritis [28].  In our 

present study, CRP value was associated with Tp-e/ QTc 

prolongation. 

The prolongation of the Tp-e/QTc ratio has been shown 

in many chronic inflammatory diseases in various studies [29-

31]. Our study is the first that shows the prolonged Tp-e/QTc 

ratio in psoriatic arthritis patients. In psoriatic arthritis, many 

factors besides inflammation are thought to play a role in 

repolarization heterogeneity and increased arrhythmia risk. In 

some studies, patients with psoriasis have been shown to have 

endothelial dysfunction and coronary microvascular dysfunction 

[32,33]. It has also been shown that psoriasis is associated with 

subclinical atherosclerosis [34]. Besides the evidence showing 

subclinial atherosclerosis, increased comorbid cardiovascular 

risk factors cause the increase in cardiovascular morbidity and 

mortality in these patients [34-36]. In psoriatic arthritis, unlike 

psoriasis vulgaris, the presence of joint involvement in addition 

to skin findings suggests that the burden of inflammation is 

heavier than patients with only skin involvement and that 

cardiovascular risk may be higher [37]. Future studies comparing 

psoriasis and psoriatic arthritis patients in terms of 

cardiovascular risk and outcome will illuminate this issue. There 

are studies showing an increase in arrhythmic events in psoriasis, 

especially in psoriatic arthritis [14]. It is thought that severe 

inflammation causes atrial fibrosis, increasing atrial arrhythmia 

risk and, because of the damage done by vascular inflammation 

to the artery wall, arrhythmia risk increases due to ischemia and 

major cardiovascular events [38,39]. In addition, inflammation is 

thought to increase the risk of arrhythmia by affecting 

cardiomyocyte electrophysiology on ion channels dysregulation 

[23]. 

The detection of prolonged Tp-e and Tp-e/QTc ratios in 

PsA patients in our study suggests that there is myocardial 

repolarization heterogeneity and this may play a role in 

arrhythmic events. However, in our study, there is no clinical 

data about arrhythmic outcome. In the future, studies supported 

by ECG data such as Tp-e and Tp-e/QTc ratio, which also 

include data on arrhythmic outcome, will help to enlighten the 

pathophysiology of the increased arrhythmia risk in PsA.  

Limitations  

This study has some limitations. Most importantly, 

since this study was designed as a single-center and an 

observational study, we could not achieve any significant 

evidence about the clinical importance of the prolongation of Tp-

e and Tp-e/QTc in PsA patients. Future studies comparing 

psoriasis patients with and without arthritis may be useful in 

evaluating the effect of the severity of inflammation on ECG 

findings. 
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Conclusion 

Our study is the first to demonstrate the prolongation of 

the Tp-e interval and Tp-e/QTc ratio in patients with psoriatic 

arthritis. Prospective clinical studies that monitor PsA patients 

with ECG findings and observe their clinical outcomes, 

particularly with regard to the arrhythmias and sudden death in 

follow-up, may be more valuable. 
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