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Background: Type 1 diabetes mellitus (TLDM) has been suggested to carry the risk of developing cardiac
arrhythmias. The risk of cardiovascular events and sudden death is higher in patients with TIDM. The index
of cardiac electrophysiological balance (iCEB), which shows the balance between ventricular depolarization
and repolarization, is a new electrocardiographic (ECG) parameter when compared to other ECG parame-
ters. iCEB provides more information on ventricular arrhythmogenesis than the other traditional ECG pa-
rameters such as QT and corrected QT (QTc) intervals. The aim of this study is to evaluate the relationship
between T1DM and iCEB.

Materials and Methods: This study was conducted retrospectively. The patient group consisted of 50 pa-
tients (58% male, mean age 32.9 + 8.7 years) diagnosed with TIDM, while the control group consisted of 50
healthy individuals (58% male, mean age 33.9 + 6.8 years). The clinical, demographic and ECG records of the
patients were obtained from our hospital's medical documentation system. iCEB and corrected iCEB (iCEBc)
values of all participants were calculated by dividing the relevant QT and QTc intervals by the QRS duration.
Results: Mean PR, QRS, and QT intervals were similar between groups, while mean heart rate and QTc in-
terval were found to be higher in the TIDM group than in healthy subjects [(83.1 + 9.8 vs 78.9 + 13.3 bpm,
respectively, p =0.019) and (425 + 20.4 vs 397.6 + 10.6 ms, respectively, p < 0.001)]. The iCEBc of the patient
group with TIDM was higher than the control group (5.1 + 0.5 vs 4.7 £ 0.4 ms, p <0.001, respectively). How-
ever, there was no significant difference in iCEB between the patient and control groups (4.3 + 0.4 and 4.3 £
0.4 ms, respectively, p = 0.402).

Conclusions: In our study, iCEBc was found to be significantly increased in TIDM patients compared to
healthy subjects. Consequently; it is important to evaluate the risk of ventricular arrhythmia with iCEBc in
T1DM patients.
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Amag: Tip 1 diabetes mellitus' un (T1DM) kardiyak aritmi gelistirme riski tagidigi 6ne strilmustir. TLDM'li
hastalarda kardiyovaskuler olay ve ani 6ltiim riski daha yuksektir. Ventrikiiler depolarizasyon ve repolarizas-
yon arasindaki dengeyi gosteren kardiyak elektrofizyolojik denge indeksi (iCEB), diger EKG parametreleri ile
karsilastirildiginda yeni bir elektrokardiyografik (EKG) parametredir. iCEB, QT ve duzeltilmis QT (QTc) aralik-
lari gibi diger geleneksel EKG parametrelerine gore ventrikiler aritmogenez hakkinda daha fazla bilgi saglar.
Bu ¢alismanin amaci, TIDM ve iCEB arasindaki iliskiyi degerlendirmektir.

Materyal ve Metod: Bu retrospektif ¢alisma, TIDM tanisi almis toplam 50 hasta ile (% 58 erkek, ortalama
yas 32.9 * 8.7 yil) kontrol gurubunu olusturmak tizere 50 saghkl denekten (% 58 erkek, ortalama yas 33.9 +
6.8 yil) olusmaktadir. Katilimcilarin demografik, klinik ve EKG 6zellikleri hastanemizin tibbi tibbi dékiimenta-
syon sisteminden elde edildi. iCEB ve duzeltilmis iCEB (iCEBc) degerleri, ilgili QT ve QTc araliklarinin QRS
suresine bolinmesiyle hesaplandi.

Bulgular: Ortalama PR, QRS ve QT araliklari gruplar arasinda benzer iken, ortalama kalp hizi ve QTc intervali
T1DM grubunda saglikh bireylere gore daha yiiksekti [(sirasiyla 83.1 £ 9.8’ e karsi 78.9 + 13.3 atim/dakika ,
p = 0.019) ve (425 + 20.4’ e karsi 397.6 + 10.6 ms, p <0.001)]. TIDM grubu kontrollere gére daha ytiksek
iCEBC' ye sahipti (sirasiyla 5.13 £ 0.5 'e karsi 4.71 £ 0.4 ms, p <0.001). Bununla birlikte, gruplar arasinda iCEB
acisindan anlamli bir saptanmadi (sirasiyla 4.38 + 0.45 ve 4.33 + 0.41 ms, p = 0,402).

Sonug: Galismamizda iCEBc’ nin, TIDM hastalarinda saghkl kisilere kiyasla 6nemli 6lglide artmis oldugu
bulundu. Bu nedenle; TIDM hastalarinda ventrikiler aritmi riskinin iCEBc ile degerlendirilmesi 6nem tasi-
maktadir.

Anahtar kelimeler: Elektrokardiyografi, Kardiyak elektrofizyolojik denge indeksi, Tip 1 diyabetes mellitus,
Ventrikuler aritmi
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Introduction

Diabetes mellitus (DM) is a serious health problem and is
also associated with cardiovascular diseases. Diabetes melli-
tus is one of the risk factors of diseases such as coronary ar-
tery disease, cerebrovascular disease, hypertension, heart
valve disease, peripheral artery disease, retinopathy and
atrial fibrillation, while long-term exposure further increases
this risk. On the other hand, it is also associated with in-
creased mortality independently of these conditions (1).

In an article examining young people with type 1 DM
(T1DM), they have a six-fold increased risk for QT/QTc pro-
longation and should be followed regularly for cardiac auto-
nomic dysfunction (2). In this study, TIDM patients had a
significantly longer QT/QTc than controls, but the signifi-
cance disappeared after adjusting for confounding factors.
More specific parameters of QT/QTc were investigated in
later studies. In later studies, parameters which give infor-
mation about the susceptibility to arrhythmia were revealed
by measurements made on electrocardiography such as in-
creased PR interval, T peak to T end interval (Tp-Te), disper-
sion of QT interval, and dispersion of P wave (3-5). However,
the cardiac electrophysiological balance index (ICEB), calcu-
lated from the surface ECG of the patients - is an indicator
of the balance between cardiac depolarization and repolari-
zation (6) - although it may be an indicator of ventricular ar-
rhythmia, it has not been studied as much as other parame-
ters (7).

The aim of this study is to evaluate the relationship between
T1DM and iCEB.

Materials and Methods

Study populations

Our study population consisted of healthy-looking individu-
als older than 18 years and diagnosed with TIDM, who vis-
ited our institution's cardiology outpatient clinic between
July 2018 and May 2020. The number of T1DM patients was
50 and the number of healthy volunteers was 50. The exclu-
sion criteria were: electrolyte imbalances (e.g. hyperkale-
mia, hypopotassemia, etc.), systemic diseases (e.g. glycogen
storage diseases, systemic lupus erythematosus, amyloido-
sis, lipid storage diseases, lysosomal storage diseases, etc.)
and subjects who were using any drug other than oral or in-
travenous insulin (e.g. beta-blockers, antiplatelet, calcium
channel blockers, angiotensin receptor blockers, angioten-
sin receptor - neprilysin inhibitor, angiotensin-converting
enzyme blockers, antidepressant drugs), pregnancy, open
thoracic surgery, history of moderate to severe heart valve
disease, heart failure, pulmonary hypertension, acute kid-
ney failure, coronary artery disease, retinopathy, cerebro-
vascular and peripheral vascular disease, malignancy and
getting dialysis. The control group of the study was selected
from healthy subjects who applied to the outpatient clinic
anddid not have DM. Transthoracic echocardiography was
performed in all patients included in the study. The patient
and control groups were evaluated through medical history,
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echocardiography, physical examination, ECG, and labora-
tory data. Approval was obtained from the ethics committee
of the Tokat Gaziosmanpasa University -date: 19.08.2020,
number: 20-KAEK-123- where our institution was con-
ducted.

Laboratory and Demographic Data

Biochemical parameters were automatically evaluated with
the aid of the Beckman Coulter LH-750 Hematology Analyzer
(Beckman Coulter, Inc, Fullerton, California). Blood samples
of the patients were taken after 15 minutes of rest and the
patients were asked not to smoke. The lipid panel of the pa-
tients [total cholesterol, low-density lipoprotein cholesterol
(LDL), triglyceride and high-density lipoprotein cholesterol
(HDL)], were evaluated by standard methods. For the diag-
nosis of hypercholesterolemia, the patients were expected
to have a total cholesterol value above 200 mg / dL or an LDL
value above 130 mg / dL and had previously received treat-
ment or diagnosis for hypercholesterolemia. The American
Diabetes Association criteria were used for the diagnosis of
T1DM; and patients who were previously diagnosed by a
specialist in endocrinology were included in the study (8).
For the diagnosis of hypertension, repeated systolic/dias-
tolic blood pressure measurements were made and patients
whose measurements were above 140/90 mmHg were con-
sidered hypertensive. Patients who had been smoking for
the last six months were evaluated as smokers. Body mass
index can be calculated by dividing body mass in kilograms
by the square of body length in meters.

Echocardiographic evaluations

Echocardiographic evaluations of the patient and the con-
trol groups were performed with the Vivid S5 echocardiog-
raphy device (General Electric, Milwaukee, WI, USA) in the
echocardiography unit of our center on all participants in the
left decubitus position using a 2.5-3.5 MHz transducer. All
echocardiographic evaluations were performed separately
by two cardiologists. Left ventricular ejection fractions
(LVEF) of all participants were performed according to the
American Echocardiography Association and the European
Society of Cardiovascular Imaging criteria using the modified
Simpson's method (9).

Electrocardiographic assessment

The 12-lead ECG (Cardiofax V; Nihon Kohden Corp., Tokyo,
Japan; 10 mm/mV and 25 mm/s) was taken while all partic-
ipants were at rest in the supine position. Electrocardio-
grams obtained from all participants were sent to a com-
puter via a scanner and analyzed and evaluated with x400%
using the Adobe Photoshop CS2 program (Adobe Systems
Inc., San Jose, California, USA). ECG evaluations of all groups
were performed separately by two cardiologists. Tp-e and
QT intervals were measured and calculated by means of
ECGs in the patient and control groups. The interval from the
peak of the T wave to the end of the T wave was defined to
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as the Tpe interval and QT interval was measured from the
onset of the QRS complex to the end of the T-wave (10). The
measurements of QT and R-R intervals in all participants
were made from the precordial leads V2 and V5. The value
taken as the QT interval was defined as the time interval be-
tween the onset of the QRS wave and the point where the T
wave turns to the isoelectric line on the ECG.

R-R interval was evaluated on the ECG from the precordial
leads and measured as the average of three consecutive
beat complexes. The Bazett formula was used to calculate
the QTc interval and the heart rate (11). Patients with U
waves in the ECG were not included in the study. The inter-
val at the end of the electrocardiographic T-wave peak cor-
responding to the transmural dispersion of the repolariza-
tion was measured as Tp-e.

Index of cardiac electrophysiological balance was defined
and measured as the ratio of QT to QRS (QT/QRS); while the
corrected index of cardiac electrophysiological balance
(iCEBc) was defined and measured as the ratio of QTc to QRS
(QTc/QRS).

Statistics

Statistical analysis of the study was performed using SPSS
18.0 (SPSS Inc., Chicago lllinois, USA). Categorical variables
were expressed as number and percentage (n%), while con-
tinuous variables were expressed as meantstandard devia-
tion (meantSD) or median, interquartile range (median,
IQR) according to the distribution of the data. In our study,
the Kolmogorov-Smirnov test was used to evaluate the dis-
tribution of continuous variables. Normally distributed data
were analyzed with the Student's t-test while non-normally
distributed data were analyzed with the Mann-Whitney U
test. Categorical variables were analyzed using the Fisher’s
exact or chi-square tests. Values with a p-value of <0.05
were considered statistically significant.

Results

Our study consists of 50 patients with TLDM and a control
group of 50 participitans. The mean patient age was 3317
years, and 29 (58%) of the patients were men. Fifty patients
(50%) had the T1DM pattern and were classified in the
T1DM group. The remaining 50 (50%) participants who had
not to TIDM were classified in a control group. There was
no statistically significant difference based on the baseline
characteristics of the groups. The characteristics of the par-
ticipants included in the study are shown in table 1.

There were no statistically significant differences in the me-
dian PR, mean QRS, and mean QT intervals in the ECG of the
participants, and these parameters seemed to be within
normal limits between the groups. On the other hand, the
groups are compared; the mean heart rate and QTc interval
in the TIDM group were found to be greater than in the
healthy subjects [(83.1 £ 9.8 vs 78.9 + 13.3 bpm, p = 0.019)
and (425 + 20.4 vs 397.6 + 10.6 ms, p <0.001)]; the mean R-
Rinterval in the TIDM group was shorter than in the healthy
group (729.5 + 61.5 vs 769 + 108 ms, p = 0.036). In addition,
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the groups were compared; we found that the mean Tp-Te
time in the T1DM group was statistically significantly pro-
longed compared to the healthy group (79.1 £+ 6.4 vs 73.2 +
5.3 ms, respectively, p = 0.029). All these ECG data findings
are given in table 2.

Table 1. Baseline characteristics of the study groups

T1DM group Control group

(n=50) (n=50) P value
Age, years 329+8.7 339+6.8 0.986
Male, n (%) 29 (58) 29 (58) 1.000
BMI, kg/m2 243+4.8 24.2+4.9 0.984
Smoking, n (%) 8 (16) 9 (18) 0.684
Glukoz, mg/dL 152.8 £40.2 96 +11 <0.001
HbAlc, % 8.2+1.1 53+1 <0.001
Creatinine, mg/dL 0.7+0.2 0.8+£0.2 0.546
f‘;’;:f"gic Blood  Pressure, 1)55.78 122176  0.058
2:::;"‘: Blood Pressure, gh1432  795:12 0591
LDL, mg/dL 103+37.1 102 +36.4 0.346
Triglycerides, mg/dL 193.4+128 191+128.4 0.678
Hyperlipidemia, n (%) 4(8) 4(8) 1.000
LVEF, % 60.6 +4.1 59.4+4.6 0.412

BMI: Body-mass index; LDL: Low density lipoprotein; LVEF: Left ventricular
ejection fraction.

When the values for iCEB and iCEBc between the two groups
were compared (table 2), the patient group with TIDM
tended to have higher iCEBc values compared to the healthy
group (5.1 £ 0.5 vs 4.7 £ 0.4, p <0.001). However, there was
no statistically significant difference between the iCEB in the
control and T1DM patient group (4.3 +0.4vs43+04,p =
0.402).

Table 2. Electrocardiographic evaluation of the participants

T1DM group Control group
(n=50) (n=50) P value
HR, beats/min 83.1+9.8 78.9+13.3 0.019
R-R, ms 729.5+61.5 769 + 108 0.036
147.7 (132.3—- 147.8 (131.5—
PR, ms 157.2) 149.4) 0.798
QT, ms 364.7+21.6 368.2+23.8 0.457
QTc, ms 425+20.4 397.6+10.6 <0.001
QRS duration, ms 84.5+75 86+6.4 0.204
Tp-Te, ms 79.1+6.4 732453 0.029
iCEB 43+04 43+04 0.402
iCEBC 5.1+0.5 47+04 <0.001

iCEB: index of Cardiac Electrophysiological Balance, HR: Heart Rate, iCEBc:
index of Cardiac Electrophysiological Balance with Heart Rate Correction.
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Discussion

Considering the findings of the study, it was found that
iCEBc, resting heart rate and baseline QTc interval were hig-
her in patients with TIDM than in healthy individuals. To our
knowledge, this study is the first to provide evidence that
T1DM is a significant change in iCEB and iCEBc in adults.
The patient group with DM is known to be at risk of ventric-
ular arrhythmia and subsequent sudden cardiac death (12).
The pathophysiological mechanisms of arrhythmias in dia-
betic patients have not been clearly revealed. Prolonged hy-
perglycemia has been blamed for the development and in-
crease of fibrosis in myocardial tissue (13,14). Whatever is
the reason for myocardial fibrosis, it can cause damage to
the myocardial conduction pathways and the formation of
micro-reentry circuits. Ventricular arrhythmias such as ven-
tricular fibrillation, ventricular tachycardia, or ventricular ex-
trasystole can also be triggered by an impaired electrical axis
of the heart and increased sympathetic activity (15).
Diabetic autonomic neuropathy involves many organs, inc-
luding the cardiovascular system can affect. Cardiac auto-
nomic neuropathy causes dysfunction by affecting the car-
diac sympathetic and parasympathetic nervous system and
may lead to sudden death. QT interval, which can be easily
calculated from ECG, is an independent predictor of cardio-
vascular arrhythmia and subsequent sudden death in pa-
tients with type 2 DM (16). However, as the QT interval is
affected by heart rate, QTc is a better measure. QTc has
been used to reflect cardiac autonomic neuropathy (17).
Prolonged QTc duration brings with it the risk of increased
ventricular arrhythmia (ventricular fibrillation/tachycardia,
ventricular extrasystole, etc.) and sudden death, especially
Torsades de Pointes (18). There are many studies on the
presence and importance of prolonged QTc interval in DM
(19,20). In our study, in parallel with the studies in the liter-
ature, we found that the QTc interval was significantly pro-
longed in the group with DM.

Tp-Te range is also another ventricular arrhythmia predictor
indicating ventricular repolarization. It is another predictor
of ventricular arrhythmia indicating ventricular repolariza-
tion. In our study, we found that Tp-Te was prolonged in the
group with DM. It has been shown to be associated with
ventricular arrhythmias and sudden death even when QTc is
normal (21). In a study in the literature, R-R range variations
in patients with type 2 DM have been evaluated and it has
been related to cardiac neuropathy in these patients (22).
Although a small significant difference was found in the R-R
distance in our study, no significant difference was found in
the PR distance.

Index of cardiac electrophysiological balance reflects the dy-
namic balance between depolarization (QRS duration) and
repolarization (QT interval). Slight changes in iCEB can be
harmless, whereas excessive changes (increase or decrease)
can cause severe arrhythmias (23). iCEB appears to be a rel-
atively new ECG parameter that does not require any inva-
sive procedure, and there is evidence that it may be a useful
ECG parameter in predicting TdP and non-TdP mediated
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ventricular arrhythmias (24). Increasing iCEB is associated
with TdPs (23). In our study, although iCEB was similar
between the TIDM and healthy groups, iCEBc was revealed
to be significantly greater in TLDM groups. The iCEB was si-
milar between the groups, and this increase in iCEBc is ma-
inly due to the similar mean QRS durations of the groups and
the increased QTc interval in the TIDM group. Our study is
the first to report a significant increase in iCEBc in TIDM pa-
tients compared to healthy subjects.

According to our study findings, TLDM may pose an additio-
nal risk for ventricular arrhythmias.

Limitations

The relatively small number of patients is one of the main
limitations of the study. Manual calculation of measure-
ments may be a limitation, even if they are made with the
help of a computer software program. Another limitation
may be that evaluation is made only with surface ECG pa-
rameters and not with long-term ambulatory ECG monitor-
ing methods. The fact that the study was retrospective and
the patients did not have any clinical follow-up related to ar-
rhythmia is a major limitation.

Conclusions

This study shows that these relatively new repolarization in-
dices and potential electrocardiographic predictors of vent-
ricular arrhythmias are significantly increased in TIDM. In
conclusion, iCEBc increases significantly in patients with
T1DM, compared with the healthy subjects.
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