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Abstract. – OBJECTIVE: Obese people are at 
increased risk of arrhythmia and sudden death, 
even in the absence of heart dysfunction. In-
creased insulin resistance, neurohumoral and 
autonomic changes in obesity can cause atrial 
and ventricular repolarization abnormalities. This 
study aimed to investigate the effect on ventricu-
lar repolarization parameters and to show the in-
creased risk of ventricular arrhythmia in obese 
children. 

PATIENTS AND METHODS: The data of 50 
obese children aged 2-18 who applied to the Pe-
diatric Endocrinology Outpatient Clinic were eval-
uated prospectively. In 12-lead ECGs, heart rate, 
Pmax, Pmin, P-wave dispersion (Pwdisp), QTmax, 
QTmin, QT dispersion (QTd), QTcmax, QTcmin, 
QTc interval dispersion (QTcd), Tpeak-Tend inter-
val (Tp-e), Tp-e/QT, Tp-e/QTc were calculated elec-
tronically. 

RESULTS: Tp-e time (0.041 ± 0.004/0.049 ± 
0.015/p=0.018) and Tp parameters were measured 
in obese children with and without insulin resis-
tance. Tp-e/QT ratio was also found to be high 
(p=0.035). There is a negative correlation between 
BMI SDS values and QTcmax and QTcmin values 
in patients with insulin resistance (p=0.015). 

CONCLUSIONS: In our study, the Tp-e interval 
and Tp-e/QT ratios, which had been revealed in 
literature to be more sensitive in demonstrating 
ventricular arrhythmias, were found to be higher 
in obese individuals with insulin resistance than 
in those without insulin resistance. Obese individ-
uals with or without insulin resistance should be 
carefully evaluated in terms of atrial and ventric-
ular depolarization and repolarization parameters 
with 12-lead ECG during their outpatient controls, 
and annual 24-hour Holter control should be per-
formed to detect arrhythmias. 
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Introduction

The frequency of obesity is gradually increasing 
in children and adolescents, as well as in adults, 
leading to related complications, mostly occurring 
in the cardiovascular system at an earlier age1.

There are approximately 800,000 deaths wor-
ldwide every year due to sudden cardiac death 
(SCD). This SCD is often due to malignant ven-
tricular arrhythmias (MVA)2.

MVA usually results in SCD in individuals 
with heart diseases. However, healthy hearts can 
also develop MVA in about 15-20% of cases. In 
these patients, the development of MVA can be 
predicted by analyzing the parameters of ventri-
cular repolarization on ECG3.

Obesity is one of the risk factors for sudden 
cardiac death, and its main cause is arrhythmias. 
Delay of cardiac repolarization increases suscep-
tibility to arrhythmias4. Structural and functional 
changes in atrial and ventricular myocardium cau-
sed by obesity can lead to atrial and ventricular 
depolarization and repolarization abnormalities. 

Previous studies5 have reported that QT, cor-
rected QT (QTc) distance, QT and QTc disper-
sions (QTcd) with the T wave peak and the end 
distance (Tp-e interval) and Tp-e/QT ratio can 
show susceptibility to ventricular arrhythmias. 
There are few studies on obese children in litera-
ture related to these parameters. 

The effects of insulin resistance on ventricular 
repolarization abnormality, which often accom-
panies obesity, have been studied6,7 by animal 
experiments. It has been shown that the increase 
in sympathetic tone may also play a role in the 
increased heterogeneity of ventricular repolariza-
tion in relation to insulin resistance. 
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In this study, we aimed to investigate the effects 
of obesity and insulin resistance on ventricular 
repolarization parameters, which are conside-
red to indicate an increased risk of ventricular 
arrhythmia in children.

Patients and Methods

Between October and December 2020, 50 obese 
children aged 2-18 years were admitted to Izmir 
Tepecik Training and Research Hospital Pediatric 
Endocrine Polyclinic with the complaint of being 
overweight. Patients with a body weight above 99% 
or +2 Standard Deviation Score (SDS) according to 
age and gender, as well as those with a body mass 
index above 95% or +2 SDS, were considered obe-
se and included in the study. Pubertal/prepubertal 
distinction was made according to Tanner’s stage8.  

In the study, which was designed prospecti-
vely, the sample size was calculated as 0.5 for 
each variable, 0.5 for type 1 error, and 50 at 95% 
power (25 with insulin resistance, 25 without 
insulin resistance) in paired samples according to 
Prior power analysis9. 

Exclusion criteria of the study: 
	- Having blood pressure above the 95th per-

centile according to age and gender at the 
time of application;

	- Detection of anemia in the hemogram ta-
ken at the time of application;

	- Presence of cardiac diseases;
	- Use of drugs affecting heart rhythm;
	- Presence of chronic diseases. 

The selection method of patients and the study 
flow diagram are specified in Figure 1.

In the blood samples taken, total cholesterol 
(TC), triglyceride (TG), high-density lipoprotein 
(HDL), low-density lipoprotein (LDL) were de-
termined [TC≥200 mg/dl, TG≥100 mg/dl (2-9 
years), TG≥130 mg/dl (10-18 years)]. Patients with 
LDL levels≥130 mg/dl and HDL levels<40 mg/
dl were included. The insulin resistance index 
homeostasis assessment model (HOMA-IR) was 
applied using the following equation: [fasting 
insulin (mU/L) x fasting glucose (mmol/L)/405]. 
A value of 2.5 or more in prepubertal patients 
and a value of 4 or more in pubertal patients were 
accepted as insulin resistance. An oral glucose 
tolerance test (OGTT) was performed by mea-
suring blood glucose and insulin concentrations 
before and 30, 60, 90, and 120 minutes after 
glucose loading at a dose of 1.75 g/kg (maximum 
75 g) in patients with insulin resistance. Insulin 

resistance was considered if the peak insulin, 
2nd-hour insulin, and total insulin values obtained 
by OGTT were higher than 150 (μU/mL), 75 (μU/
mL), and 300 (μU/mL), respectively. Impaired 
fasting glucose (fasting glucose 100-125 mg/dL) 
was calculated according to impaired glucose 
tolerance (2nd hour glucose=140-199 mg/dL).

The patients were divided into two groups: with 
and without insulin resistance. The 12-lead ECGs 
were taken with the Cardiovit AT-102 plus brand 
ECG device (Schiller AG, Baar, Switzerland). In 
ECGs, heart rate, Pmax, Pmin, P-wave disper-
sion (Pwdisp), QTmax, QTmin, QT dispersion 
(QTd), QTcmax, QTcmin, QTc interval disper-
sion (QTcd), Tpeak-Tend interval (Tp-e), Tp-e/QT, 
Tp-e/QTc were calculated electronically. 

Statistical Analysis
Data were evaluated in the statistical package 

program SPSS, v. 26 (IBM Corp., Armonk, NY, 
USA). The normal distribution of the data of nu-
merical variables was evaluated with the Shapi-
ro-Wilk test of normality and Q-Q graphs. Homo-
geneity of variances was evaluated with Levene’s 
test. For non-normally distributed triglyceride, 
HDL, and LDL variables, patient groups with and 
without insulin resistance were compared with 
the Mann-Whitney U test. Comparisons between 
groups for normally distributed variables were 
made with an independent two-sample t-test. 
The relationship between ECG variables OGTT 
peak insulin, OGTT 2nd-hour insulin, OGTT total 
insulin, VA SDS, and BMI SDS variables was 
evaluated by Pearson’s correlation analysis. A 
p-value<0.05 was considered statistically signi-
ficant. For each patient, informed consent forms 
were obtained from their parents. The study 
was approved by the Ethics Committee of Izmir 
Tepecik Training and Research Hospital (date: 
14/09/2020, number: 2020/11-27)

Results

A total of 50 patients, of which 25 (50%) with 
insulin resistance and 25 (50%) without, was in-
cluded in the study. The age distribution of patients 
with and without insulin resistance was similar 
(p=0.087). Body weight SDS, body mass index 
SDS, and triglyceride values of patients with insulin 
resistance were found to be statistically higher than 
those without insulin resistance (p=0.027, p=0.010, 
p=0.020, respectively). HDL values were found 
to be higher in patients without insulin resistance 
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(p=0.005). There was no statistically significant 
difference in terms of LDL and cholesterol values 
in both groups (p=0.256, p=0.248). Systolic blood 
pressure values in the group with insulin resistance 
were found to be significantly higher than the group 
without insulin resistance (t=2.611, p=0.012). The 
difference between diastolic blood pressure values 
was not statistically significant (p=0.088) (Table I).

While the Pmin, Tp-e interval and Tp-e/QT 
values of the patients with insulin resistan-
ce were found to be statistically significantly 
higher than those of the patients without in-
sulin resistance (p=0.005, p=0.018, p=0.035, 
respectively), a significant difference was not 
found between the two groups in terms of other 
ECG parameters (p>0.05) (Table II). 

Figure 1. Study flow diagram.
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There is a negative correlation between BMI 
SDS and QTcmax in patients with insulin resi-
stance (r=-0.409, p=0.042). 

In patients with insulin resistance, a negative 
correlation was found between VA SDS values and 
QTcmax and QTcmin values (r=-0.576, p=0.003, 
r=-0.482, p=0.015, respectively) (Table III).

Discussion

In our study, it was found that BMI, blood tri-
glyceride, LDL, and cholesterol levels were higher 
in obese children with insulin resistance compared 
to obese children without insulin resistance, while 
HDL levels were lower. This result is in line with 

previous studies10. In individuals with obesity and 
insulin resistance, only the Pmin value was found 
to be significantly higher. However, no difference 
was found in terms of Pwdisp. Additionally, no 
correlation was found between these parameters 
and BMI and insulin levels. No significant diffe-
rence was detected between QT, QTc intervals, 
and QT and QTc dispersions among obese indi-
viduals with and without insulin resistance. Also, 
no significant difference was found between blood 
insulin levels and these parameters in children wi-
th insulin resistance. In this study, we found that 
the Tp-e interval and Tp-e/QT ratio were higher in 
obese individuals with insulin resistance.

Obesity has become an important public health 
problem in both developed and developing coun-

Table I. Comparison of demographic characteristics of patients with and without insulin resistance.

	              Insulin resistance

	 No n = 25	 Yes n = 25	 p-value

Gender, n (%) 	 11 (44.0) 	 11 (44.0) 
	 14 (56.0) 	 14 (56.0) 	 - 
Age (years) (mean±SD)	 9.8±2.9	 11.6±4.2
M (max-min)	 10.0 (5.0-16.0) 	 13.0 (4.0-17.0) 	 0.087 
VA SDS (ort±SD)	 2.69±0.69 	 3.18±0.81 	 0.027 
BMI SDS (mean±SD)	 2.57±0.42 	 2.91±0.46 	 0.010 
Triglyceride [M (Q1-Q3)]	 107.0 (79.0-154.5) 	 151.0 (113.5-21.0) 	 0.020 
HDL [M (Q1-Q3)]	 49.0 (39.0-55.5) 	 38.0 (36.5-42.5) 	 0.005 
LDL [M (Q1-Q3)]	 85.0 (72.5-116.0) 	 105.0 (82.0-118.5) 	 0.256 
Cholesterol (mean ± SD)	 165.3±36.1 	 176.5±31.1 	 0.248 
Systolic blood pressure mean±SD	 91.32±10.51 	 99.04±10.39 	 0.012
Diastolic blood pressure mean±SD	 74.00±7.94 	 78.36±9.66 	 0.088 

mean±SD: mean±standard deviation, M: Median, Q1: First quartile value, Q3: Third quartile value.  

Table II. Comparison of ECG parameters of patients with and without insulin resistance.

	            Insulin resistance 	   Test statistics 

	 No 	 Yes
	 mean±SD	 mean±SD	 t	 p-value

Heart rate 	 91.1±16.7 	 88.3±14.5 	 0.622 	 0.537 
Pmax 	 0.116±0.028 	 0.129±0.023 	 1.735 	 0.089 
Pmin  	 0.042±0.008 	 0.054±0.020 	 3.024 	 0.005 
Pdispersion  	 0.075±0.029 	 0.071±0.025 	 0.561 	 0.577 
QTmax 	 0.402±0.034 	 0.406±0.022 	 0.596 	 0.554 
QTmin 	 0.318±0.032 	 0.325±0.029 	 0.746 	 0.459 
QTdispersion 	 0.084±0.016 	 0.082±0.022 	 0.372 	 0.711 
QTcmax 	 0.484±0.036 	 0.488±0.030 	 0.471 	 0.640 
QTcmin 	 0.382±0.033 	 0.386±0.043 	 0.367 	 0.715 
QTcdispersion 	 0.132±0.161 	 0.095±0.034 	 1.117 	 0.269 
Tpeinterval 	 0.041±0.004 	 0.049±0.015 	 2.520 	 0.018 
Tpe/QT  	 0.125±0.012 	 0.148±0.050 	 2.221 	 0.035 
Tpe/QTc  	 0.102±0.010 	 0.120±0.043 	 2.012 	 0.054 

mean±SD: mean±standard deviation; t: Independent two-sample t-test.
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tries. It is usually seen with increasing frequency 
in the childhood age group. Sedentary life, rea-
dy-to-eat diet, and inactivity are among the leading 
causes11,12. Its prevalence has increased significant-
ly, especially during the COVID-19 pandemic. 
This increase in obesity prevalence brings with it 
an increase in obesity-related co-morbidities. The 
most important of these co-morbidities are cardio-
vascular effects13. Therefore, taking the necessary 
precautions, especially in the childhood age group, 
will prevent possible future complications. The 
presence of insulin resistance, in addition to obe-
sity, facilitates the emergence of metabolic and 
cardiovascular complications of obesity7.  

In a study14 comparing obese and normal-weight 
children in terms of cardiovascular risks, it was re-
ported that obese children have more cardiovascu-
lar risk factors. It has been demonstrated that in-
creased inflammation is one of the most important 
mechanisms of cardiovascular co-morbidity. High 
IL-6 levels due to increased plasma TNF-alpha 
levels have been demonstrated15 in obese indivi-
duals.  TNF is secreted from fat cells and changes 
insulin signal transmission in skeletal muscle cells, 
thereby reducing insulin intolerance. Gupta et al16 
showed that children with obesity and glucose in-
tolerance have high TNF and IL-6 levels. 

Studies have also shown that a high resting he-
art rate is positively correlated with cardiovascular 
mortality. Obese children have been reported17,18 to 
have higher heart rates than normal-weight chil-
dren in the same age group. It is believed that this 
condition represents an adaptation mechanism of 
the organism to the increased adipose tissue, and 
furthermore, the presence of insulin resistance 

may contribute to a state in which autonomic fun-
ctions could be impaired. In our study, obese and 
non-obese individuals were not compared. Howe-
ver, when obese individuals with and without 
insulin resistance were compared, no significant 
difference was found between resting heart rates.

Considering the short follow-up period in our 
study and the average age of the study group, we 
predict that there will be a difference in resting 
heart rates between these groups in the follow-up. 
The increase in body weight is associated with 
high blood pressure, and in this case, it causes ar-
rhythmias by causing some structural changes in 
the left atrium and ventricle in these individuals19. 
Duncan et al20 have shown that although systo-
lic and diastolic blood pressure values of obese 
children are within normal limits, they are hi-
gher than non-obese individuals in the same age 
group. Atrial fibrillation (AF) in children usually 
occurs due to congenital heart diseases or valvu-
lar diseases affecting the left atrium21. However, 
with the increase in the frequency of obesity in 
the childhood age group, the frequency of AF has 
increased in obese children without any under-
lying heart disease22. Explaining this condition 
solely by an increase in left atrial strain is not 
sufficient.  In obese children, concomitant atrial 
inflammation due to increased adipose tissue also 
contributes significantly to this situation22. P wa-
ve dispersion is an electrocardiographic marker 
that reveals the heterogeneity of electrical impul-
se conduction in both atria. In electrophysiologi-
cal studies23, intra-atrial conduction delay leads 
to prolongation of P-wave duration and Pwdisp 
and predisposes to AF. It has been reported24 that 

Table III. Correlations between BMI SDS and VA SDS values and ECG parameters in patients with insulin resistance.

	             BMI SDS 		       VA SDS  

	 r 	 p 	 r 	 p

Heart rate 	 -0.144 	 0.492 	 -0.324 	 0.114 
Pmax 	 0.132 	 0.528 	 -0.111 	 0.597 
Pmin  	 0.034 	 0.874 	 -0.090 	 0.668 
Pdispersion  	 0.120 	 0.568 	 0.205 	 0.327 
QTmax 	 -0.055 	 0.795 	 0.081 	 0.700 
QTmin 	 -0.007 	 0.973 	 -0.061 	 0.772 
QTdispersion 	 -0.046 	 0.825 	 0.166 	 0.428 
QTcmax 	 -0.409 	 0.042 	 -0.576 	 0.003 
QTcmin 	 -0.309 	 0.132 	 -0.482 	 0.015 
QTcdispersion 	 0.006 	 0.977 	 0.168 	 0.422 
Tpeinterval 	 -0.008 	 0.970 	 -0.083 	 0.692 
Tpe/QT  	 0.002 	 0.992 	 -0.067 	 0.751 
Tpe/QTc  	 0.101 	 0.633 	 0.088 	 0.676 

r: Pearson correlation coefficient.
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a Pwdisp of 40 ms or more is a risk factor for AF. 
Changes in the atrium have an effect on increased 
blood pressure and obesity, as well as increased 
blood insulin levels due to insulin resistance24. 
In this study, only the Pmin value was found to 
be significantly higher in obese and insulin-re-
sistant individuals. However, no difference was 
found in terms of Pwdisp. In addition, no corre-
lation was found between these parameters and 
BMI and insulin levels. In our study, we think 
that we may not have detected a significant dif-
ference in terms of these parameters due to the 
small number of patients and the short follow-up 
period. Considering the results of previous stu-
dies, it is clear that long-term follow-up of obese 
individuals with insulin resistance is necessary 
in terms of possible atrial fibrillation23,24.

The relationship between obesity and sudden 
cardiac death has been known for centuries. 
Sudden death is multifactorial in obese indivi-
duals, and one of the leading mechanisms as-
sociated with it is ventricular arrhythmias25. 
QT, QTc intervals, and QT and QTc dispersions 
are the non-invasive parameters showing an 
increased tendency to ventricular arrhythmias. 
Prolongations in QT and QTc values indica-
te that ventricular repolarization is prolonged, 
while increases in QT and QTc dispersion va-
lues indicate that ventricular repolarization is 
not homogeneous and predisposes to ventricular 
arrhythmias26,27. Although the reason for the in-
crease in these parameters in obese individuals 
is not known exactly, changes in myocardial me-
tabolism due to increased blood lipid levels, in-
creased left ventricular mass index, and changes 
in autonomic tone due to impaired glucose tole-
rance are possible mechanisms14. In our study, 
no significant difference was found between QT, 
and QTc intervals, and between QT and QTcd 
between obese individuals with and without 
insulin resistance. In addition, no significant dif-
ference was found between blood insulin levels 
and these parameters in children with insulin 
resistance. As a possible reason for this, due to 
the small average age of the children in the stu-
dy group, it was thought that the cardiovascular 
system may not have been fully affected by the 
metabolic and physiological effects of insulin 
resistance associated with obesity.

In addition to QT and QTcd, Tp-e interval and 
Tp-e/QT ratio, as the time between the point at 
which the T wave reaches its maximum ampli-
tude and the end of the T wave, are relatively 
new markers that have been used in recent years 

as a reflection of ventricular transmural repola-
rization dispersion in the ECG. In experimental 
studies28, the earliest repolarization occurs in 
epicardial cells, and this is reflected on the su-
perficial ECG as a T wave peak. The end of the 
T wave (Tend) is the superficial response of the 
mid myocardial action potential.

Therefore, the Tp-e interval indicates the 
transmural repolarization dispersion. Tp-e inter-
val is best calculated from V6, which is the lead 
that best reflects the left ventricular transmural 
axis.  Antzelevitch et al29 demonstrated the rela-
tionship between prolongation of the Tp-e inter-
val and ventricular arrhythmias with an animal 
model. Studies30,31 have reported that prolonged 
Tp-e interval is associated with mortality in 
patients with Brugada syndrome, long QT syn-
drome, and hypertrophic cardiomyopathy. In 
addition to the Tp-e interval, Tp-e/QT and Tp-e/
QTc ratios were also found to be associated wi-
th ventricular arrhythmias and sudden cardiac 
death. Unlike the Tp-e interval, some studies32 
have demonstrated that the Tp-e/QT ratio, not 
being influenced by body weight and heart rate, 
may be a superior parameter in predicting sud-
den cardiac death and ventricular arrhythmias. 
Studies33 conducted in the adult age group have 
shown that both the Tp-e interval and the Tp-e/
QT ratio increase in both diabetic and obese pa-
tients. It paves the way for ventricular arrhyth-
mias by affecting the homogeneous spread of 
ventricular repolarization in autonomic changes 
in patients with insulin resistance7,34. In this stu-
dy, we found that the Tp-e interval and the Tp-e/
QT ratio were higher in obese individuals with 
insulin resistance. 

Obesity has become an important public heal-
th problem in the pediatric population. Together 
with obesity, insulin resistance may lead to more 
susceptibility to adverse outcomes. Considering 
that atrial and ventricular arrhythmias are the 
most important causes of morbidity and mor-
tality in obese individuals and diabetic patients 
with insulin resistance, long-term follow-up of 
these patients is necessary for possible arrhyth-
mias. Considering that our study is the first to 
examine these parameters in children with obe-
sity and insulin resistance, we believe that it will 
be a starting point for future studies.

Limitations
Possible limitations of this study are that 

our results may be limited to our population 
and, therefore, have limited applicability to the 
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general population. To confirm these results, it is 
necessary to conduct long-term follow-up of the 
patients in the study and further studies with the 
new data to be obtained.

Conclusions

Obesity has become an increasingly com-
mon public health problem among children 
in Turkey. In our study, although there is no 
significant difference in terms of QT, QTc du-
ration and QT and QTcd, the Tp-e interval and 
the Tp-e/QT ratio, which have been shown to 
be more sensitive in demonstrating ventricular 
arrhythmias, were found to be higher in obese 
individuals with insulin resistance. Therefore, 
considering that atrial and ventricular arrhyth-
mias are the most important causes of morbidi-
ty and mortality in obese individuals and dia-
betic patients with insulin resistance, long-term 
follow-up of these patients is necessary for 
possible arrhythmias. Obese individuals with 
or without insulin resistance should be careful-
ly evaluated in terms of atrial and ventricular 
depolarization and repolarization parameters 
with 12-lead ECG during their outpatient con-
trols, and annual 24-hour Holter control should 
be performed to detect arrhythmias. 
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