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Abstract
Background. Experimental and clinical studies evaluating the Tp–Te interval and Tp–Te/QT ratio have 
reported conflicting data. The overlap between normal Tp–Te/QT ratios (0.17 ±0.02–0.27 ±0.06 ms) and 
pathological values (0.20 ±0.03–0.30 ±0.06 ms) measured in earlier studies has raised questions about 
this ECG measurement technique.

Objectives. To analyze normal values of the Tp–Te interval, Tp–Te dispersion Tp–Te(d) and the Tp–Te/QT ratio  
based on electrocardiographic (ECG) assessment across sex and age groups in a healthy Turkish population.

Material and methods. A total of 1,485 healthy participants (723 men) were enrolled into the study. 
The age of the participants ranged 17–75 years and they did not have either any cardiovascular/systemic 
disorders or risk factors for atherosclerosis which were detected with physical examination and laboratory 
tests. The Tp–Te interval, Tp–Te(d) and Tp–Te/QT ratio were determined from V1–V6 derivations.

Results. For the entire study, the median Tp–Te interval was 66.0 (64.0–70.0) ms, the Tp–Te(d) was 15.0 
(10.0–20.0) ms, and the Tp–Te/QT ratio was 0.18 (0.17–0.19). The Pearson’s correlation test demonstrated 
that the Tp–Te/QT ratio significantly correlated with older age (r = 0.297; p < 0.0001), left ventricular (LV) 
end-diastolic diameter (LVEDD; r = 0.481; p < 0.0001), body mass index (BMI; r = 0.421; p < 0.0001), body 
surface area (BSA; r = 0.191; p < 0.0001), LV end-diastolic volume (LVEDV; r = 0.484; p < 0.0001), LVEDV 
index (r = 0.450; p < 0.0001), LV mass (r = 0.548; p < 0.0001), and LV mass index (r = 0.539; p < 0.0001).

Conclusions. The reference values for Tp–Te interval, Tp–Te(d) and Tp–Te/QT ratio are associated with age, 
BMI, BSA, LVEDV, LVEDV index, LV mass, and LV mass index. These structural elements should be considered 
when using these ECG parameters for assessing repolarization inhomogeneity. These findings may guide 
further studies assessing healthy and diseased populations.
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Introduction

Myocardial repolarization heterogeneity is considered 
to be sensitive to malignant ventricular arrhythmias.1 For 
many years, non-invasive parameters of malignant ven-
tricular arrhythmias obtained from electrocardiograms 
(ECG) have been used in cases with cardiovascular disease. 
These parameters focus mostly on the QT distance.2,3 Dis-
persion of QT, which is obtained by subtracting the lowest 
measured QT duration from the highest measured QT 
duration, is also widely used in many studies and is asso-
ciated with the risk of sudden death.4–6 Actually, QT dis-
persion is a simple, approximate evaluation of the overall 
heterogeneity of ventricular repolarization.7 It is also dif-
ficult to determine the normal and abnormal ranges of QT 
dispersion. The most important reason for this is the wide 
range of values reported in various studies (10–71 ms).8,9 
Furtheremore, the ranges considered as normal and ab-
normal values were overlapped between studies and some 
of these values were considered as abnormal. Some authors 
have reported that the upper limit of QT dispersion in nor-
mal healthy individuals is 65 ms, while others have reported 
that QT dispersion is a simple, approximate measurement 
of myocardial repolarization abnormalities and that all 
values proposed as the upper limit in healthy individuals 
are unreliable; therefore, it  is possible that only the ab-
normal QT dispersion values >100 ms outside the margin 
of error for the calculations could have clinical importance 
in demonstrating repolarization abnormality.10,11 The fail-
ure to identify ECG parameters adequately and to reach 
a consensus on the values has spurred the search for a dif-
ferent assessment method for the repolarization period.12

Recent studies have identified the time from the peak 
of the T wave to the latest point of the T wave (Tp–Te 
interval) on and ECG and the ratio of this time to the QT 
interval (Tp–Te/QT) as new electrocardiographic param-
eters for myocardial repolarization dispersion, and these 
parameters have been accepted as measurement methods 
of transmural dispersion of repolarization (TDR) which 
is accepted as an indicator of ventricular arrhythmias.13,14 
The  Tp–Te/QT ratio is  not changed by  f luctuations 
in heart rate (HR) and is more reliable for demonstrat-
ing predisposition to ventricular arrhythmia than other 
similar, ECG-derived indices.15,16 Gupta et al. standard-
ized the normal value of the Tp–Te/QT ratio as 0.21 ±0.03 
based on measurements obtained from the V6 derivation, 
which reflects the left ventricular (LV) transmural axis best 
in healthy individuals.15 However, the overlap of normal 
Tp–Te/QT ratios (0.17 ±0.02–0.27 ±0.06) and pathological 
values (0.20 ±0.03–0.30 ±0.06) has raised doubts about this 
ECG measurement technique.17–21 To overcome reliability 
issues that may develop in relation to this measurement 
technique and to increase its applicability, we believe that 
the normal values can be standardized in comprehensive 
studies on healthy individuals with an emphasis on gen-
der, age, body mass index (BMI), body surface area (BSA), 

LV volume, LV volume index, LV mass, and LV mass index. 
In addition, no large-scale study has assessed the Tp–Te 
indices. For this reason, we aimed to conduct a prospective 
study to overcome these issues and provide standardized 
reference values for future studies.

Material and methods

Study population

This prospective study recruited 1,485 healthy partici-
pants who were admitted to the outpatient clinic of our 
hospital between June 2016 and January 2018. The age 
of the subjects who were enrolled into the study ranged 
from 17 to 75 years; they did not have either any cardiovas-
cular/systemic disorders or risk factors for atherosclerosis 
which were detected using transthoracic echocardiogra-
phy (TTE), myocardial perfusion scintigraphy or exercise 
stress test. The study was carried out in conformity with 
the Helsinki principles and ethics approval was obtained 
from the Presidency of T.C. Firat University Ethics Com-
mittee, Elazığ, Turkey.

The exclusion criteria were electrolyte imbalances, any 
drug use that might influence the QT interval (such as an-
ti-arrhythmia agents, probucol, terfenadine, erythromycin, 
clarithromycin, antidepressant agents, or antipsychotic 
agents), pregnancy, more than 3 births, being a profes-
sional athlete, and having a BMI > 30 kg/m2. In addition, 
the subjects who had a left or right bundle-branch block 
in ECG were not included in the analysis.

The  blood pressure, BMI and BSA parameters were 
measured and recorded. The subjects who were taking an-
tihypertensive medications, had a systolic blood pressure 
≥140 mm Hg, and/or a diastolic blood pressure ≥90 mm Hg 
were considered hypertensive and not included in the analysis.

The BMI and BSA were evaluated according the follow-
ing formulas:

BMI = weight [kg]
height2 [m2]

(height [cm] × weight [kg])/3600BSA (Mosteller formula) = 

Electrocardiography

By tuning the voltage value to 10 mm/mV and the pa-
per speed to 50 mm/s, commonly used ECG equipment 
(CardiofaxV model 9320; Nihon Kohden, Tokyo, Japan) 
was used to record the 12-derivated ECG. After scanning 
the whole of the ECG recording, the intervals of the Tp–Te, 
the QT and the RR were evaluated. The evaluations were 
done with the help of a computer program which is cod-
ed in MATLAB® software (MathWorks, Natick, USA). 
The computer software code was developed by an engineer 
and was dependent on the image manipulation algorithms.
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The QT interval was determined by intersecting the start 
value of the QRS with the final value of the T wave. This 
distance was evaluated by taking into account the T wave 
and the isoelectric line. The intersection of the tangent 
(drawn from the downward part of the T wave) and the iso-
electiric line yielded the QT interval.22 Such measurements 
were taken from V1–V6 derivations. The QTmax values 
were recorded by determining the maximum values, and 
the QTc was determined using Bazett’s formula.23 (Fig. 1). 
The distance between the highest peak of the T wave and 
the endpoint of the T wave was identified as the Tp–Te 
interval (Fig. 2). The endpoint of the T wave was identi-
fied as the point of intersection of the tangent line and 
the isoelectric line (when a U wave was not subsequent 
to  the  T  wave or  if  the  T  wave was not distinct from 

the subsequent U wave). When the T wave 
was followed by  a  U  wave, the  lowest 
point between the  T and U  waves was 
determined as the endpoint of the T wave 
(Fig.  1).24,25 The  T  peak was identified 
as the nadir of the T wave when negative 
or biphasic T waves were present (Fig. 3).24

In case of a notched T wave, the endpoint 
of the QT distance was identified by utiliz-
ing the tangent line defined by the down-
ward part of  the  2nd notch (Fig.  4). 
In the calculations, only the T wave am-
plitudes which were greater than 1.5 mm 
were included in the measurements. Oth-
erwise they were neglected.25

All of the precordial derivations were 
used for the Tp–Te interval measurement 

records. The highest values were accepted as the Tp–Te 
intervals. The Tp–Te (d) values were determined by sub-
tracting the values corresponding to the maximum and 
minimum Tp–Te intervals. The value of the Tp–Te/QT 
ratio was determined by dividing Tp–Te to QTmax values.

Echocardiography

In  order to  perform the  transthoracic echocardiog-
raphy, a  Vivid 5 ultrasound machine with a  2.5-MHz 
transducer (GE Medical Systems, Milwaukee, USA) was 
used. The American Society of Echocardiography sug-
gestions were followed.26 M-mode echocardiography was 
used to measure interventricular septal thickness (IVS), 
posterior wall thickness (PW), and systolic and diastolic 

Fig. 1. Bazzett’s formula and Tp–Te/QT ratio

Fig. 2. The schematic presentation of the measurement of the Tp–Te and 
QT interval

Fig. 3. The schematic presentation of the measurement of the Tp–Te 
interval in the presence of a negative T wave
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diameters of the LV. The method that was utilized to de-
termine the LV mass is Deveureux’s formula27:

LV mass [g] =
= 0.8 × [1.04 × ((LVEDD + IVSd + PWd)3 – (LVEDD)3)] + 0.6

where LVEDD is the LV end-diastolic diameter.
The LV mass index was computed with the help of this 

formula27:

LV mass index [g/m2] = left ventricular mass/BSA

Respectively, LVEDV (LV end-diastolic volume) and 
LVESV (LV end-systolic volume) values were computed 
as follows28:

LVEDV [mL] = (7/2.4 + LVEDD) × LVEDD3

LVESV [mL] = (7/2.4 + LVESD) × LVESD3

The LVEDV index (LVEDVI) was computed as follows28:

LVEDVI [mL/m2] = LVEDV
BSA( )

LV ejection fraction (EF) and FS (fractional shortening) 
were determined with the help of the following formulas, 
respectively26:

EF (%) = × 100LVEDV – LVESV
LVEDV( )

FS (%) = × 100LVEDD – LVESD
LVEDD( )

Exercise stress test

In order to conduct the stress test, a Cardiosis TEPA 
Exercise Stress Test device (TEPA Medical and Electronic 
Products Industry and Trade Company, Ankara, Turkey) 
was used. Specifically, the  tests were done according 

to the Bruce or modified Bruce treadmill protocols. Such 
protocols are known to be non-invasive for functional ca-
pacity and exercise tolerance for patients who likely do not 
have cardiovascular disorders.29

Myocardial perfusion scintigraphy

Myocardial perfusion scintigraphy was carried out uti-
lizing a treadmill according to Bruce or modified Bruce 
protocols. Sestamibi (MIBI) tagged with 10 mCi of 99 mTc 
(Cardio-Spect; Medi-Radiopharma, Budapest, Hungary) 
was administered intravenously to  the  subjects when 
the maximum HR (85–100%) was reached. Gated single-
photon emission computed tomography (SPECT) imaging 
was taken 30 min later. The imaging was carried out using 
a GE Infinia GP3 gamma monitor system (General Electric 
Healthcare, Tirat Carmel, Israel) with a low-energy high-
resolution (LEHR) collimator. The images were evaluated 
using Emory Cardiac Toolbox (ECTb) myocardial quanti-
fication software (General Electric Healthcare Company).

Statistical analysis

The statistical evaluation of the results was carried out 
with the help of SPSS v. 16.0 (SPSS Inc., Chicago, USA) anal-
ysis program for Windows. The fit of the continuous vari-
ables to a normal distribution was analyzed with the Kol-
mogorov–Smirnov test. The  continuous variables are 
presented as means with standard deviations (SD) or me-
dians with 25th–75th percentiles. Aside from the Tp–Te/
QTc ratio and BSA [m2], none of the continuous variables 
were distributed normally, and the Kolmogorov–Smirnov 
test was used to evaluate these variables. A descriptive 
statistics test was used to evaluate the Tp–Te/QTc ratio 
and BSA [m2]. These values are presented as means ±SD. 
All other data is presented as medians with 25th–75th per-
centiles. Pearson’s correlation test was used to perform 
correlation analyses. A value of p < 0.05 was required for 
statistical significance.

Results

Table 1 summarizes the baseline features of the partici-
pants. The study involved 1,485 healthy subjects (723 men 
and 762 women). The age of all participants, male partici-
pants and female participants was 42.0 years (30.0–53.5), 
41.0 years (30.0–52.0) and 43.5 years (30.0–55.0), respec-
tively. Table 1 also lists the findings for the ventricular 
repolarization parameters. The median Tp–Te interval 
was 66.0  ms (64.0–70.0), the  Tp–Te/QT ratio was 0.18 
(0.17–0.19), the mean Tp–Te/QTc ratio was 0.16 ±0.014, 
and the median Tp–Te(d) was 15.0 ms (10.0–20.0) for all 
participants.

The results revealed that the Tp–Te/QT ratio signifi-
cantly correlated with age, PW, IVS, LVEDD, BMI, BSA, 

Fig. 4. Maximum slope intercept method in the presence of a notched 
T wave
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LVEDV, LVEDV index, LV mass, and LV mass index. Addi
tionally, significant correlations were found between age 
and BMI (r = 0.416; p < 0.0001), BSA (r = 0.101; p < 0.0001), 
LVEDV index (r = 0.394; p < 0.0001), and LV mass index 
(r = 0.484; p < 0.0001).

Discussion

The present study reports normal ECG TDR parameters 
by measuring the Tp–Te interval, Tp–Te(d) and the Tp–Te/
QT ratio in a healthy population without any systemic/

cardiovascular disorders or risk factors for atherosclerosis 
(Tables 1 and 2). We demonstrated that there is a significant 
correlation between the TDR parameters and echocardio-
graphic measurements (Table 3; Fig. 6). Notably, the TDR 
parameters increased with older age (Tables 2 and 3; Fig. 5).

Although the  QT interval and QT dispersion mea-
surements are important ECG predictors of ventricular 
arrhythmogenesis, some studies have questioned their 
prognostic importance.30 The failure to adequately identify 
ECG parameters and to reach a consensus on the values 
identified – which is due to a variety of reasons – have 
spurred the search for a different assessment method for 

Table 1. Clinical characteristics of the study population

Parameters All participants
n = 1,485

Men
n = 723

Women
n = 762

Age 42.0 (30.0–53.5) 41.0 (30.0–52.0) 43.5 (30.0–55.0)

Tp–Te [ms] 66.0 (64.0–70.0) 66.0 (63.0–70.0) 67.0 (64.0–70.0)

QTmax [ms] 361.0 (353.5–371.0) 360.0 (352.0–370.0) 362.0 (355.0–372.0)

QTc [ms] 398.73 (383.02–417.79) 393.56 (380.0–410.79) 402.77 (387.60–422.62)

Tp–Te/QT ratio 0.18 (0.17–0.19) 0.18 (0.17–0.19) 0.18 (0.18–0.19)

Tp–Te/QTc ratio# 0.16 ±0.014 0.17 ±0.015 0.16 ±0.014 

Tp–Te(d) [ms] 15.0 (10.0–20.0) 14.0 (10.0–18.0) 15.0 (10.0–20.0)

HR 74.0 (69.0–80.0) 71.0 (68.0–78.0) 75.0 (70.0–80.0)

PW [mm] 8.0 (7.0–9.0) 8.0 (7.0–9.0) 7.5 (7.0–8.0)

IVS [mm] 8.0 (7.0–9.0) 8.0 (8.0–9.0) 8.0 (7.0–9.0)

LVEDD [mm] 44.0 (42.0–46.0) 45.0 (43.0–47.0) 42.5 (40.0–45.0)

Length [m] 1.68 (1.62–1.74) 1.74 (1.71–1.77) 1.62 (1.59–1.65)

Weight [kg] 75.0 (67.0–81.0) 79.0 (74.0–84.0) 68.0 (63.0–72.0)

BMI [kg/m2] 26.10 (24.61–27.58) 26.12 (24.69–27.66) 26.08 (24.53–27.58)

BSA [m2]# 1.84 ±0.16 1.95 ±0.11 1.74 ±0.12

LVEDV [mL] 87.68 (78.57–97.33) 92.44 (83.06–102.36) 80.82 (70.00–92.44)

LVEDV index [mL/m2] 46.44 (42.40–51.45) 46.55 (42.88–51.04) 46.37 (41.94–51.92)

EF [%] 64.84 (62.14–68.11) 63.69 (61.04–66.30) 66.30 (63.26–69.41)

FS [%] 35.0 (33.33–37.5) 34.69 (32.60–36.36) 36.36 (34.09–38.46)

LV mass [g] 105.92 (89.97–132.92) 114.76 (99.92–138.32) 97.38 (82.49–119.17)

LV mass index [g/m2] 57.55 (50.12–69.49) 59.33 (52.12–71.37) 55.33 (48.85–67.51)

BMI – body mass index; BSA – body surface area; EF – ejection fraction; FS – fractional shortening; HR – heart rate; IVS – interventricular septum; LV – left 
ventricle; LVEDD – left ventricular end-diastolic diameter; LVESD – left ventricular end-systolic diameter; LVEDV – left ventricular end-diastolic volume; 
LVESV – left ventricular end-systolic volume; PW – posterior wall; QTmax – QT maximum; QTc – QT corrected. # No other continuous values – except  
Tp–Te/QTc ratio and BSA [m2] – were normally distributed; the Kolmogorov–Smirnov test was used to evaluate these variables. A descriptive statistics test 
was used to evaluate Tp–Te/QTc ratio and BSA [m2].

Table 2. Ventricular repolarization parameters across age subgroups

Age subgroups (n) Tp–Te [ms] Tp–Te/QT ratio Tp–Te/QTc ratio Tp–Te(d) [ms]

10–19 years (116) 60.0 (58.0–63.0) 0.17 (0.16–0.18) 0.15 (0.14–0.16)  10.0 (5.0–10.0)

20–29 years (237) 63.0 (60.0–66.0) 0.18 (0.17–0.19) 0.16 (0.15–0.17) 10.0 (10.0–15.0)

30–39 years (322) 66.0 (63.0–68.0) 0.18 (0.17–0.18) 0.16 (0.15–0.17) 12.0 (10.0–16.0)

40–50 years (317) 67.0 (66.0–69.5) 0.18 (0.18–0.19) 0.17 (0.16–0.18) 15.0 (10.0–17.5)

50–59 years (311) 70.0 (67.0–70.0) 0.18 (0.18–0.19) 0.17 (0.16–0.18) 18.0 (10.0–20.0)

60–69 years (138) 70.0 (70.0–75.0) 0.19 (0.18–0.20) 0.17 (0.16–0.18)  20.0 (15.75–25.0)

70–79 years (44) 75.0 (70.0–80.0) 0.19 (0.19–0.20) 0.18 (0.17–0.18)  20.0 (20.0–29.0)
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the repolarization period.31 The JT interval (the distance 
from the endpoint of the QRS structure to the endpoint 
of the T wave), the QT apex interval (the distance from 
the starting point of the QRS complex to the peak point 
of the T wave: QTa), and the T wave area (the total area 
below the J-point and the endpoint of the T wave) are ex-
amples of this search.32 However, these novel repolariza-
tion parameters are no more accurate than conventional 
QT dispersion in assessing dispersion, and in some cases 
did not correlate with QT dispersion.32,33

In recent studies, the Tp–Te interval has been accepted 
as a TDR index.13,14 However, variations in HR and body 
weight may affect the Tp–Te interval.15 Ventricular myo-
cardium is an electrically inhomogeneous construction 

and is composed of 3 different cell types: epicardial, endo
cardial and M cells. The M cells (masonic midmyocardial 
Moe cells) are settled into the subendocardial lamina. 
These cells have a longer period of action potential than 
epicardial or  endocardial cells when exposed to heart 
rate decelerating agents.15 The period of action potential 
(PAP) is the longest in M cells. Among these 3 cell types, 
the M cells have the lowest, most slowly activating retarded 
potassium current (IKs) but the highest, late sodium cur-
rent (INa). On the other hand, the density of the rapidly 
activating retarded potassium current (IKr) does not differ 
among the 3 layers. Thus, the discrepancy at the IKs/IKr 
ratio among the ventricular myocardial layers plays an im-
portant role in  the  transmural dispersion of  TDR.33 

Fig. 5. The correlations between age, heart rate and Tp–Te/QT ratio
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Table 3. Pearson correlation analysis between ventricular repolarization parameters and echocardiographic parameters

Parameters
Tp–Te [ms] Tp–Te/QT ratio Tp–Te/QTc ratio Tp–Te(d) [ms]

r p-value r p-value r p-value r p-value

Age 0.583 <0.0001 0.297 <0.0001 0.350 <0.0001 0.476 <0.0001

PW [mm] 0.631 <0.0001 0.464 <0.0001 0.414 <0.0001 0.486 <0.0001

IVS [mm] 0.641 <0.0001 0.467 <0.0001 0.415 <0.0001 0.505 <0.0001

LVEDD [mm] 0.578 <0.0001 0.481 <0.0001 0.424 <0.0001 0.460 <0.0001

BMI [kg/m2] 0.520 <0.0001 0.421 <0.0001 0.406 <0.0001 0.394 <0.0001

BSA [m2] 0.204 <0.0001 0.191 <0.0001 0.213 <0.0001 0.136 <0.0001

LV mass [g] 0.708 <0.0001 0.548 <0.0001 0.484 <0.0001 0.560 <0.0001

LV mass index [g/m2] 0.712 <0.0001 0.539 <0.0001 0.458 <0.0001 0.570 <0.0001

LVEDV [mL] 0.579 <0.0001 0.484 <0.0001 0.425 <0.0001 0.463 <0.0001

LVEDV index [mL/m2] 0.550 <0.0001 0.450 <0.0001 0.366 <0.0001 0.453 <0.0001

BMI – body mass index; BSA – body surface area; IVS – interventricular septal thickness; LV mass – left ventricular mass; LVEDD – left ventricular end-diastolic 
diameter; LVEDV – left ventricular end-diastolic volume; PW – posterior wall thickness.

Table 4. Pearson correlation analysis between age and BMI, BSA, LVEDV index, and LV mass index

Parameters
BMI [kg/m2] BSA [m2] LVEDV index [mL/m2] LV mass index [g/m2]

r p-value r p-value r p-value r p-value

Age 0.416 <0.0001 0.101 <0.0001 0.394 <0.0001 0.484 <0.0001
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The epicardial cells complete their repolarization earlier 
than the other 2 cells. The highest point of the T wave 
(Tp) reflects the end of the epicardial PAP, and the final 
point of the T wave (Te) reflects the end of the midmyo-
cardial PAP. Consequently, the Tp–Te duration is accepted 
as a representation of the TDR.17 However, variations in HR 
might affect the Tp–Te duration.15

Recently, the Tp–Te/QT ratio has been accepted as a new, 
non-invasive ECG marker of ventricular repolarization in-
homogeneity, and it has been suggested that it may be used 
as an accurate parameter of ventricular repolarization het-
erogeneity independent of changes in HR.15,16 Gupta et al. 
also suggested that the Tp–Te/QT ratio is a more accurate 
indicator of ventricular arrhythmogenesis when compared 
with the QT, QTc and Tp–Te durations.15 However, there 
are also conflicting reports on normal and abnormal values 
for these parameters.1,17–21

The present study demonstrated that the HR of healthy 
subjects varied from 53  bpm to  106  bpm. The  Tp–Te 
duration diminished in parallel with an increase in HR, 
with the Tp–Te duration ranging from 50 ms to 86 ms 

(66.0 (64.0–70.0) ms). Likewise, the Tp–Te/QTc ratio and 
Tp–Te(d) values diminished in  parallel with increased 
HR. On the other hand, in spite of the alterations in HR, 
the Tp–Te/QT ratio remained stable with a median of 0.18 
(0.17–0.19) (Fig. 5). The results suggest that the Tp–Te/Qt 
ratio may be more appropriate than other parameters for 
assessing TDR.

Recent studies have demonstrated that risk factors for 
atherosclerosis, such as diabetes mellitus, hypertension 
and smoking –  in addition to structural heart diseases 
and myocardial ischemia – give rise to an increase in ven-
tricular repolarization parameters (TDR) and the hetero-
geneity of ventricular repolarization.1,16,17,19,23 Furthermore, 
a number of studies have stated that LV enlargement and 
increased LV mass may be helpful indices for more ventricu-
lar arrhythmia risk stratification.34–36 It has been reported 
that TDR parameters may increase with older age because 
of aging processes taking place in the myocardium, such 
as fibrosis.37 Another explanation for the increased TDR 
with aging is distortion of the balance between sympa-
thetic and parasympathetic tone in favor of sympathetic 

Fig. 6. The correlations between LV mass, LV mass index, LV volume, LV volume index, and Tp–Te/QT ratio
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tone. In old age, this balance shifts substantially towards 
the sympathetic activity.38 Increased sympathetic activ-
ity can cause several changes in myocardial membrane 
characteristics which cause early depolarizations and in-
creased TDR.39–41 Our study shows a relationship between 
age, BMI, BSA, and TDR parameters (Table 3). Although 
the mechanisms underlying such a relationship are not well-
known, it is possible that an increase in sympathetic activity, 
BMI and BSA may lead to an increase in cardiac workload 
in these subjects, and this situation might be responsible for 
the increased LV mass and LV mass index (Tables 4 and 5).

Overlapping with previous research, the current study 
– which excludes myocardial ischemia and risk factors for 
atherosclerosis as well as systemic and structural heart dis-
ease – shows that BMI, BSA, age, and echocardiographic 
measurements have a direct effect on TDR parameters. 
The study demonstrated that the values of BMI, BSA, PW, 
IVS, LVEDD, BSA, LVEDV, LVEDV index, LV mass, and LV 
mass index among Turkish people increase with age; these 
findings significantly correlated with an elevated Tp–Te/
QT ratio, suggesting an increased risk of ventricular ar-
rhythmia (Tables 2–4; Fig. 6). More clearly, the LV mass and 
LV mass index values of Turkish people increase with age, 
and the Tp–Te/QT ratio increases along with these values 
(Tables 2–4). In other words, our data implies that aging 
and elevated BMI and BSA may cause increased ventricu-
lar repolarization heterogeneity via ventricular structural 
remodeling.

It is reasonable to suppose that the increase in myocar-
dial mass, which leads to increased LV mass and LV mass 
index, may be caused by a further proportional increase 
in M cells, with the knowledge that M cells contribute 
more to repolarization time than epicardial and endo-
cardial cells. However, an invasive method such as biopsy 
is required to enable a definitive evaluation of this link.

Conclusions

The LV mass and LV mass index increase with age inde-
pendently of the individual’s health, and these parameters 
cause TDR values to increase. It is more rational to use 
the  Tp–Te/QT ratio for TDR measurements because 
it is the least affected by HR. Future studies using the Tp–
Te/QT ratio should evaluate the parameters of age, BMI, 
PW, IVS, LVEDD, BSA, LVEDV, LVEDV index, and LV mass 
and LV mass index in patient and control groups, and even 
if the individual appears healthy, it should be considered 

in other situations (race, pregnancy, professions requir-
ing intensive labor – such as porterage and construction 
work – being a professional athlete, etc.) that may affect 
the individual’s LV mass and LV mass index.
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