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Tp-e interval and Tp-e/qt ratio in patients with non alcoholic fatty liver disease
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Abstract

Aim: Ventricular repolarization is assessed using the Tp-e interval and QT interval corrected by the heart rate (QTc) via
an electrocardiogram (ECG). Prolonged Tp-e/QTc is related with an increased risk of arrhythmias and cardiac mortality.
As there have been few reports regarding the effects of NAFLD on ventricular repolarization, we aimed to appraise the
assessment of Tp-e interval and Tp-e/QT ratio in patients with NAFLD.

Material and Methods: Totally 97 patients with NAFLD and 77 control subjects were enrolled in our study. Tp-e interval,
Tp-e/QT and Tp-e/QTc ratios were measured from the 12-lead electrocardiogram.

Results: Heart rate was similar between groups (74.8 = 10.1 vs. 75.7 £ 11.7; p=0.598). QT interval (396.0 + 34.2 vs. 384.6
+ 30.7; p=0.023) and QTc interval (403.6 £ 34.8 vs. 399.9 + 36.3; p=0.027), Tp-e interval (100.4 £ 13.6 vs. 91.4 + 13.4;
p<0.001), Tp-e/QT ratio (0.25 £ 0.03 vs. 0.23 + 0.03; p=0.003) and Tp-e/QTc ratio (0.23 + 0.03 vs. 0.21 + 0.03; p=0.002) were
significantly different between groups. There was significant correlation between Tp-e interval (r= 0.328, p<0.001) and
Tp-e/QTc ratio and hepatic steatosis grade (r=0.237, p=0.002).

Conclusion: Tp-e interval, QT interval, QTc interval, Tp-e/QT and Tp-e/QTc ratios were prolonged in patients with NAFLD.

NAFLD is found an independent factor for increased Tp-e/QT ratio. This is the first study that investigated the Tp-e interval
and Tp-e/QT parameters in patients with NAFLD.
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Oz

Amag: Elektrokardiyografide (EKG) ventrikiler repolarizasyon Tp-e intervali ve kalp hizina gére diizeltilmis QT (QTc) arahgi
kullanilarak degerlendirilir. Uzamis Tp-e/QTc orani aritmiler ve kardiyak mortalite riskinde artisla iligkilidir. NASH (nonalkolik
steatohepatit)’in ventrikuller repolarizasyon Uizerine etkileriyle ilgili az sayida ¢alisma oldugu icin, NASH hastalarinda Tp-e
interval 6lciimlerini ve Tp-e/QT oranini degerlendirmeyi amacladik.

Gereg ve Yontemler: Calismamiza toplam 97 NASH hastasi ile 77 kisilik kontrol grubu dahil edildi. Tp-e intervali, Tp-e/QT
ve Tp-e/QTc oranlar 12-lead elektrokardiyogram ile dlculdd.

Bulgular: Kalp hiz1 her iki grupta da benzerdi (74.8 £ 10.1 vs. 75.7 + 11.7; p=0.598). QT interval (396.0 + 34.2 vs. 384.6 +
30.7; p=0.023) ve QTc interval (403.6 £ 34.8 vs. 399.9 + 36.3; p=0.027), Tp-e interval (100.4 + 13.6 vs. 91.4 £ 13.4; p<0.001)
, Tp-e/QT orani (0.25 + 0.03 vs. 0.23 + 0.03; p=0.003) ve Tp-e/QTc orani (0.23 + 0.03 vs. 0.21 + 0.03; p=0.002), gruplararasi
anlamli olarak farkli saptandi. Tp-e interval (r= 0.328, p<0.001) ve Tp-e/QTc orani ile hepatik steatoz derecesi (r= 0.237,
p=0.002) arasinda anlamli bir iliski mevcuttu.

Sonug: NASH hastalarinda Tp-e interval, QT interval, QTc interval, Tp-e/QT ve Tp-e/QTc oranlari uzamisti. NASH ‘in
artmis Tp-e/QT orani icin bagimsiz bir faktdr oldugu bulundu. Bu ¢alisma NASH hastalarinda Tp-e intervali ve Tp-e/QT

parametrelerinin arastirildigi ilk calismadir.

Introduction

Nonalcoholic fatty liver disease (NAFLD) is a pathologic condition
frequently observed in clinical practice. The prevalence of
NAFLD is approximately 25-30% among adults of the general
population in Western countries but increases to approximately
70-75% among patients with type 2 diabetes mellitus[1]. It
has become increasing clear that NAFLD is not only associated
with an increased liver-related morbidity and mortality but
that coronary heart disease is the primary cause of death in
patients with NAFLD[2]. Recent studies have also demonstrated
that patients with NAFLD have an increased risk of cardiac
arrhythmias, including atrial fibrillation (AF), heart rate-corrected
QT (QTc) interval prolongation and ventricular arrhythmias[3].

Ventricularrepolarizationisevaluated with QT interval corrected
by heart rate (QTc) in electrocardiogram (ECG). A prolonged
QTc is related to an increased risk of sudden cardiac death
according to the arrhythmias. It is known that hypothyroidism
was related with QTc prolongation [4, 5]. Besides, a study
showed that hyperthyroidism was associated with QTc
prolongation. Recently, the T-peak to T-end (Tp-e) interval on
12 lead electrocardiogram (ECG) has been shown to correlate
with ventricular repolarization abnormalities. Both QT and the
Tp-e intervals are heart rate dependent and this dependence
has also been associated with risk of ventricular arrhythmias [6].
For this reason, it has been claimed that Tp-e/QT ratio might be
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an important and useful indicator of ventricular repolarization
[7-9]. Currently, there is no study available on Tp-e interval and
Tp-e/QT ratio in patients with hepatosteatosis. In this study, we
aimed to appraise the assessment of Tp-e interval and Tp-e/QT
ratio in patients with hepatosteatosis.

Material and Methods
Study design

This was a cross-sectional study that was conducted at a single
center. Ninety-seven consecutive patients and 77 control
subjects with January 2013 and March 2018, were enrolled to
study. All subjects who investigated in this study were in sinus
rhythm. All participants had no cardiac sign or symptom.
Patients with coronary artery disease, chronic kidney disease,
cirrhosis, viral hepatitis, drug induced liver disease or other
chronicliverdisease, left ventricular dysfunction, mild or severe
valvular disorder, malignancy, advanced pulmonary disease,
atrial fibrillation, any type of bundle branch block, cardiac
device, those who were taking any drugs known to affect QT
interval and those with excessive alcohol consumption (i.e.
>30 g/day for men and >20 g/day for women) were excluded.

Body mass index (BMI) was calculated by dividing weight in
kilograms by the square of height in meters. Patients were
considered to have hypertension if their blood pressure was
>140/90 mmHg or if they were taking any anti-hypertensive
drugs[10]. Diabetes mellitus was defined as fasting blood



glucose of 126 mg/dL or greater and treatment with
antidiabetic drugs. Peripheral venous blood was drawn from
antecubital vein and was obtained in the morning after a
12-hour fast. All biochemical analyses were determined by
Standard methods. All patients underwent two-dimensional
transthoracic echocardiography with the Vivid 7 system
(GE Healthcare, Wauwatosa, Wisconsin). Ejection fraction
was calculated by using modified Simpson method. The
Institutional Research Ethics Committee approved the study
and informed consent was obtained from each patient.

Abdominal (Toshiba-SSA-250A)
performed by an independent radiologists for all of the study

ultrasonography was
population. Right kidney echogenicity was referenced for
the determination of liver parenchyma echogenicity. If the
kidney cortex and liver parenchyma echogenicity were the
same, it was assumed as normal, i.e., no hepatosteatosis was
present (Grade 0). Fat infiltration in liver is described in three
sonographic stages. Grade 1 is defined as minimal-diffuse
increase in hepatic echogenicity wherein the diaphragm
and intrahepatic vessel contours seem normal. Grade 2 is
defined as moderate-diffuse increase in hepatic echogenicity
in which mild deterioration in the image of the diaphragm
and intrahepatic vessels is observed. Grade 3 is defined as
apparent increase in echogenicity is observed [11]. This
study was approved by the local ethics committee. Informed
constents were collected from all patients.

Electrocardiography

The 12-lead ECG of the all participants were documented at
amplitude of 20mm/mV and a velocity of 50mm/s (Hewlett
Packard, Page-writer, USA) when the patients in supine
position. The patients’ ECG examples were scanned. After that,
ECGs transferred to a personal computer to minimize the error
measurements, and then used for x400% magnification by
software. Two specialists who were blinded to the subjects’
information evaluated the intervals. Patients with U waves
were excluded. Mean value of three measurements was
obtained for each lead. The QT interval was defined as from
the origin of the QRS complex to the termination of the T wave.
Bazett formula [QTc = QT+ (R-R interval] was used to assess
corrected QT interval (QTc). Tp-e interval was defined as the
interval between the peak and the end of T wave. Precordial
leads were used to calculate Tp-e intervals [12]. The Tp-e/QT
ratio was calculated after the result of these measurements.
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Statistical Analysis

For statistical analysis, SPSS 20.0 Statistical Package Program
for Windows (SPSS Inc., Chicago, IL, USA) was used. In order
to test normality of distribution Kolmogorov-Smirnov test was
used. Quantitative variables with a normal distribution were
specified as the mean * standard deviation and variables with
non-normal distribution were shown as median (interquartile
range), categorical variables were shown as number and
percentage values. Categorical variables were compared with
Chi-square test. Spearman correlation analysis was performed
to examine the relationship between Tp-e interval, Tp-e/QTc
and hepatic steatosis grade. Multivariable linear regression
analyses were performed to examine the relationship between
Tp-e/QTc
adjusted in the later multivariate logistic regression analyses

and predictors. The significant predictors were

and subsequent sensitivity analyses. A p value of <0.05 was
accepted as statistically significant.

Results

A total of 97 with patients with NAFLD and 77 control subjects
were enrolled in our study. Baseline characteristics of study
population are shown in Table 1. The mean age of the study
population was 55.2 £ 11.2 years and 43.7 % of participants
were male and 36.5% of patients had hypertension and 23.7%
of patients had diabetes mellitus. The mean age of NAFLD
group was younger than control subjects (53.2 £ 11.3 vs. 57.6
+ 10.7; p=0.009). There were significant differences between
groups in terms of albumin, alanine transaminase, aspartate
aminotransferase, high-density lipoprotein cholesterol, and
triglyceride values (p<0.05).

The electrocardiographic findings of the study groups were
shown in Table 2. Heart rate was similar between groups (74.8
+ 10.1 vs. 75.7 £ 11.7; p=0.598). QT interval (396.0 + 34.2 vs.
384.6 + 30.7; p=0.023) and QTc interval (403.6 + 34.8 vs. 399.9
+ 36.3; p=0.027), Tp-e interval (100.4 = 13.6 vs. 91.4 + 13.4;
p<0.001) , Tp-e/QT ratio (0.25 + 0.03 vs. 0.23 + 0.03; p=0.003)
and Tp-e/QTc ratio (0.23 = 0.03 vs. 0.21 + 0.03; p=0.002) were
significantly different between groups. In correlation analysis,
there was significant correlation between Tp-e interval (r=
0.328, p<0.001) and Tp-e/QTc ratio and hepatic steatosis grade
(r=0.237, p=0.002) (Table 3). In multivariate linear regression
analysis, NAFLD is found an independent factor for increased
Tp-e/QT ratio (Table 4).
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Discussion

In the present study, we demonstrated that Tp-e interval,

QT interval, QTc interval, Tp-e/QT and Tp-e/QTc ratios were
prolonged in patients with (NAFLD). This is the first study that

investigated the Tp-e interval and Tp-e/QT parameters in
patients with NAFLD.

Several studies showed the relationship between NAFLD




and QT interval. Hung et al. found the association of QTc
prolongation and NAFLD [13]. They discussed that the
potential mechanism that contributes to the association
between NAFLD and the QTc interval can be inflammation.
In their study, they observed association between high-
sensitivity C-reactive protein and the QTc interval[13]. Also,
they explained the association between NAFLD and the QTc
interval with increased sympathetic activity according to the

heart rate variability[13].

Targheretal.observed that the presence and severity of NAFLD
on ultrasound was strongly associated with prolonged QTc
interval in patients with type 2 diabetes, independently[14].
The pathophysiological mechanisms that link NAFLD to
prolonged QTc interval are not clearly understood. According
to the authors, NAFLD might be related with prolonged QTc
interval simply as a consequence of shared cardiometabolic
risk factors and co-morbidities or as a marker of coexisting
ectopic fat accumulation in other organs. For instance,
myocardial steatosis and increased pericardial fat volume
might exert local adverse effects that result in functional
and structural derangements of the myocardium[14].
Mantovani et al. examined the association between NAFLD
and ventricular arrhythmias, defined as the presence
of nonsustained ventricular tachycardia, 30 premature
ventricular contractions/h, or both in a large sample of
outpatients with type 2 diabetes referred for 24-h ambulatory
Holter monitoring [15]. NAFLD is related with insulin
resistance, lipid toxicity of myocardium, and the systemic
release of a myriad of proinflammatory, procoagulant, pro-
oxidant, and profibrogenic mediators that play major roles in
the pathogenesis of the functional, structural, and arrhythmic

abnormalities of the heart[15].

Prolonged ventricular repolarization parameters might cause
mortality and sudden cardiac death by inducing malign
arrhythmias[16]. QT dispersion and prolonged QT interval
are important predictors of delayed heart repolarization on
electrocardiography. In literature, there is inadequate data
about electrocardiographic abnormalities and ventricular
tachycardia in NAFLD.

Many studies have shown that increased dispersion of
repolarization might predispose to ventricular arrhythmias.

Tp-e interval, Tp-e/QT ratio and Tp-e/QTc ratio may be used as
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electrocardiographic indexes of ventricular arrhythmogenesis
and sudden cardiac death. Nowadays, the Tp-e interval and
Tp-e/QT ratio have been studied as novel indicators of impaired
ventricular repolarization dispersion [7, 8, 17]. Increased Tp-e
interval was related higher mortality rate in the patients with
long QT syndrome and Brugada syndrome[8]. The Heart rate
does not affect the Tp-e/QT ratio that was accepted as more
precise marker of the dispersion of ventricular repolarization,
than QT dispersion, QTc dispersion and Tp-e intervals. [7, 18].
Tp-e/QT ratiois a potential significantindex of arrhythmogenesis

independent from the length of QT interval [8].

In our study, we showed that these markers were higher
in patients with NAFLD. Also, we showed that NAFLD is an
independent factor for increased Tp-e/QT ratio. However the
mechanism which causes this condition is not clear. Liver fat
and inflammation progresses and advanced fibrosis develops
in NAFLD. Several modifications take place into the liver,
such as increased in production of atherogenic lipoproteins
and in an increased release into bloodstream of several pro-
inflammatory (e.g., c-reactive protein, tumor necrosis factor-
alpha, and interleukin-6), pro-fibrinogen (e.g., transforming
growth factor-beta), pro-oxidant and thrombogenic (e.g.,
factor VIII, plasminogen activator inhibitor- 1, and endotelin-1)
mediators[1-3, 19, 20]. These molecules and proinflammatory
alterations might have a negative role on the risk of cardiac
complications, including arrhythmias[21, 22]. Especially,
instability of the myocardium might potentially present
cellular and ultrastructural changes in myocardium as
well as modifications of the action potential duration (e.g.,
modifications of ion current and reduction of connexins),

resulting in an increament the risk of arrhythmia[1].

Cross-sectional design and low number of patients are the main
limitations. The study is single-center study and the patients’
follow-up data is absent. Ventricular arrhythmias of the patients
were not evaluated according to the repolarization parameters.
Large sample sized randomized studies are needed to establish
exact role of Tp-e interval and Tp-e/QT ratio in patients with

NAFLD who suffering from the arrhythmias.
Conclusion

In conclusion, this study demonstrated that Tp-e interval,
Tp-e/QT and Tp-e/QTc ratios were prolonged in patients
with NAFLD. Our study is considerable to display that NAFLD
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may have a negative effect on cardiac conduction system,

which potentially may induce formation of ventricular

arrhythmias. Tp-e interval and Tp-e/QT ratio are simple, easily

accessible, inexpensive and non-invasive methods that can

be useful marker of predicting the ventricular arrhythmias in

patients with NAFLD. Electrophysiological studies on human

cardiomyocytes will be helpful in clarifying this issue.
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