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Relationship of index of cardiac electrophysiological balance with cigarette
smoking in young adults.

Geng Eriskinlerde Kardiyak Elektrofizyolojik Denge Indeksinin Sigara icimi ile Tliskisi

Mustafa CELIKY, "~ Serkan SIVRI*"" Alp YILDIRIM!, " Murat ERER * """ Ahmet KIVRAK !

(074

Amag: Sigara igmek kardiyovaskiiler hastaliklar i¢gin giiglii bir risk teskil etmekte olup mortalite ve morbidite ile iligkilidir. Kard iyak
elektrofizyolojik denge endeksi (iCEB), ventrikuler aritmiyi éngorebilecek yeni ve basit bir EKG belirtecidir. QT, dizeltilmis QT
(QTc), Tp-Te aralig1 ve iCEB gibi yeni ventrikiiler repolarizasyon parametrelerinin sigara igen ve sigara igmeyen geng erkeklerde
uzayip uzamadigini arastirdik.

Aragclar ve Yoéntem: Calisgmamiz retrospektif olarak dizayn edilmistir. Caligmaya dahil edilen hastalar Haziran 2019 - Ekim 2019
tarihleri arasinda hastanemiz kardiyoloji poliklinigine bagvuran 20-30 yaslari arasi erkeklerdi. Sigara igen (n: 91) ve sigara igmeyenler
(n: 118) olarak 2 gruba ayrildi. . QT araligi, QRS baslangici ile T dalgasinin sonuna kadar QT aralig: 6l¢iildi. Bazett formiilleri
kullanilarak hesaplandi. Daha sonra, Tp-e / QTc, Tp-e / QT,QTc / QRS ve QT/QRS oranlar1 hesaplandi. iCEB, yiizey EKG'sinden
hesaplanan QT'nin QRS'ye (QT / QRS) orani olarak hesaplandi.

Bulgular: QT, QT / QRS (iCEB), Tp-Te, QTc, QRS, QTc / QRS ve Tp-Te / QTc degerleri gruplar arasinda anlamli farklilik
goOstermedi. Sigara i¢enlerin beyaz kiire ortalamalar1 ve lenfosit degerleri sigara igmeyenlere gore istatistiksel olarak anlamliydi (p
<0.05)

Sonug: Calismamizda geng erkek sigara igicilerinde, sigara igmeyenlere gore T peak- T end, Tp-Te / QT, iCEB ve Tp-Te / QTc¢’ nin
degismedigini gosterdik. Bildigimiz kadariyla, bu ¢alisma sigara igen genglerde ICEB degerlerini arastiran ilk ¢alismadir.

Anahtar Kelimeler: sigara; T peak-to-end; Tpe / QT

ABSTRACT

Purpose: Cigarette smoking constitutes a robust risk for cardiovascular diseases, and is associated with mortality and morbidity. Index
of cardiac electrophysiological balance (iCEB), is calculated from surface ECG. It is a new and simple ECG marker capable of
predicting ventricular arrhythmogenesis. We investigated whether QT, corrected QT (QTc), Tp-Te interval as well as new ventricular
repolarization parameters such as iCEB are prolonged or not in the smoking and non-smoking young males.

Materials and Methods: Our study was designed retrospectively. The included patients were between 20-30 of age-old males who
admitted to our hospital’s cardiology outpatient clinic between June 2019 and October 2019. They were divided into 2 groups as
smokers (n:91) and non-smokers (n:118). From the beginning of the QRS complex to the end of the T wave, QT interval was measured
and QT interval was corrected using the Bazett’s formulae. Then, QTc/QRS, Tp-e/QTc, QT/QRS, and Tp-e/QT ratios were calculated.
iCEB, namely the ratio of QT to QRS (QT/QRS) was calculated from surface ECG.

Results: QT/QRS (iCEB), Tpeak-Tend, QTc, Tp-Te/QT, QT, Tp-Te/QTc, QRS, and QTc/QRS values were not significantly different
between the groups. The mean white Blood Cell (WBC) and lymphocyte counts of the smokers were higher compared to non-smokers,
which was statistically significant (p<0.05).

Conclusion: We showed that Tp-Te interval, iCEB, Tp-Te/QT and Tp-Te/QTc did not change significantly in the otherwise healthy
young male smokers as compared to the nonsmokers. As far as we know, this study is the first to investigate the ICEB values in young
smoker subjects.
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INTRODUCTION

Cigarette smoking constitutes a robust risk for
cardiovascular diseases, and is associated with mortality
and morbidity.> The studies showed that smoking
cessation reduces all-cause mortality by 36% in smoking
patients with coronary artery disease (CAD).? During
smoking, nicotine is released into circulation and causes
increased catecholamine levels in plasma, leading to an
elevated heart rate and blood pressure. Therefore,
myocardial work load and oxygen requirement may
increase, and cardiac arrhythmias may develop.®

Animal experiments showed that nicotine prolongs
interatrial conduction time and effective refractory period,
causing supraventricular arrhythmia, atrio-ventricular

junctional arrhythmia and ventricular arrhythmia 4%

The interval between the QRS onset and T-wave end in the
surface electrocardiogram (ECG) reflects ventricular
depolarization and repolarization. Furthermore, the end of
T-wave (Tp-Te) and the interval between the peak was
suggested as an predictor of the total dispersion of
repolarization, and any prolongation in Tp-Te interval was
found to be associated with ventricular arrhythmia.®
Additionally, corrected QT interval (QTc) and QT interval
(QT) may also indicate myocardial repolarization in
surface ECG.

Tp-Te/QTc and Tp-Te/QT ratios are the other markers
reflecting ventricular arrhythmogenesis .” Index of cardiac
electrophysiological balance (iCEB), the ratio of QT to
QRS (QT/QRS), is calculated from surface ECG. It is a
new and simple ECG marker capable of predicting
ventricular arrhythmogenesis.® In the present study, we
investigated whether QT, corrected QT (QTc), Tp-Te
interval as well as new ventricular repolarization
parameters such as iCEB are prolonged or not in the
smoking and non-smoking young males.

METHODS
Study Population

Our study was designed retrospectively. The included
patients were between 20-30 of age males who admitted to

our hospital’s cardiology outpatient clinic for pre-military

examination between June 2019 and October 2019 without
any cardiac pathology. They were divided into 2 groups as
smokers (n:91) and nonsmokers(n:118). Routine ECG was
performed after the patients rested in the supine position
for 5 minutes. Clinical follow-up has not been performed
in terms of ventricular arrhythmia. The exclusion criteria
were as follows: Detection of any arrhythmia in ECG, use
of antiarrhythmic drugs, moderate-severe cardiac valvular
disease, hepatic and renal dysfunction, active infection,
hypertension (HT), coronary artery disease (CAD),
diabetes (DM), and morbid obesity.

Fasting blood samples were drawn at admission for the
measurement of complete blood count (CBC) and blood
chemistry. In addition, every participant underwent a
comprehensive transthoracic echocardiographic
examination (Toshiba, Version: 3.0.2.0003, Andover,
USA). All the participants underwent a scrutiny including
and a thorough physical examination, a detailed medical
history and recording baseline demographic features
including age, coronary arterial disease, sex, diabetes
mellitus, hypertension, peripheral arterial disease, chronic
obstructive pulmonary disease, smoking habit, chronic
obstructive pulmonary disease. Either a written or an oral-
witnessed informed consent was taken from all subjects.
Our study was approved by the local ethics committee
(Approvel Number: 2019-20/192 Date:26/11/2019) and
was performed incompliance with the set of principles by

the Declaration of Helsinki.
ECG Examination

12-lead ECGs were obtained from all participants with 10
mm/mV and 25 mm/s paper speed amplitude via a
standard device (MAC 1600, 8400 W, Milwaukee, USA)
in supine position. ECG papers were then transferred to
computer and evaluated on a personalized computer with
x400 magnification. ECG measurement values were
transferred to the database by averaging 3 consecutive
beats on precordial lead V5 .°1° From the beginning of the
QRS complex to the end of the T wave, QT interval was
measured and QT interval was corrected using the Bazett’s
formulae.'* Also, Tp-Te interval was accepted as the time
interval between the peak of T-wave and intersection point
between the isoelectric line and tangent of downsloping
T-wave.*? Then, Tp-Te/QTc and Tp-Te/QT were
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calculated. All the measurements were performed by two Table 1. Clinical  characteristics, laboratory, and
. . i i echocardiographic results of the study population.
cardiologists blinded to the study data. Index of cardiac
. . . . . Non-smok Smok
electrophysiological balance (iCEB), namely the ratio of Variables (n‘;”ﬁg‘)° e (:;%Srs pvalue
QT to QRS (QT/QRS) was calculated from surface ECG.
Age(years) 25.67F1.83 26.071.85 0.200
L. Glukoz(mg/dL) 89.01+9.34 87.60+6.67 0.224
Statistics GFR(mL/min) 116(108~121) 117(108~122) 0.279
AST(U/L) 19(17~22) 18(16~21) 0.195
The study data was analyzed using SPSS version 21.0 ALT(U/L) 18(13~23.5) 19(15~23) 0.406
software for Windows (IBM SPSS Statistics for Windows CK(UIL) 129.5(98~191.75)  148(107~225) 0.201
version 21.0. (lBM COI’p, Armonk, New York) CRP(mg/L) 0.06(0.04~0.13) 0.09(0.05~0.17) 0.068
Sedimentation 5(3~5) 5(3~6) 0.935
(mm / hour)
The assumption of normality for quantitative variables TSH(IU/mL) 1.52(1.15~2.0) 1.46(1.16~1.99)  0.837
was tested by Shapiro-Wilk and Kolmogorov-Smirnov WBC(K/uL) 6.87(5.89~7.72) 7.46(6.47~8.86)  0.003
tests. Descriptive statistics of variables were given as HGB (gridL) 15.45+0.97 15.49+1.56 0815
_ o o ) RDW, % 12.52¥1.33 12.6271.64 0.608
mean+standard deviation or median (interquartile ranges PLT(KIUL) 250.75F52.00 249.05754.88 0819
at the 25th and 75th percentiles, IQR). Independent-t test NEU(K/uL) 406F1.21 4.46F1.46 0.030
or Mann-Whitney-U were used according to the proposed LYM(K/uL) 2.05(1.76+2.42) 2.25(1.90F2.75)  0.025
assumptions for univariate analysis of the variables in the MPW(TL) 10.30(280F11.0)  1040(981120)  0.584
. e of <0.05 4 1o be of siatistical PCT, % 0.2570.04 0.2570.05 0.919
<
study. A p value of <0.05 was accepted to be of statistica LVEF 3 . 64(62-65) 65(63-67) 0450
significance. Cigarette smoking 8527233 <0.001
(pack-years) ~ ------e-
RESULTS GFR, Glomerular filtration rate; ALT, Alanine Amino

Whole study group was composed of male subjects. 118 of
which were in the non-smokers group, while 91 were in
the smokers group. The average smoking duration in the
smokers group is 8.52 packs/year. Laboratory, clinical and
echocardiographic results were presented in Table 1-2.

Age distribution was homogeneous between the groups
(p>0.05). Glucose values of non-smokers were found to be
greater compared with the smoker group but the difference
was statistically insignificant (p>0.05). The mean white
Blood Cell (WBC) count of the smokers were higher
compared with non-smokers, which was statistically
significant (p<0.01). The mean neutrophil counts of the
smokers (4.46 +1.46) were higher compared to those of
non-smokers (4.06 +1.21). The difference was statistically
significant between two groups (p<0.05). The lymphocyte
values of the smokers were also higher compared to the
non-smokers (p<0.05).

transferase; AST, Aspartate amino transferase; CK, creatine
kinase; CRP,C-reactive protein; TSH, Thyroid stimulating
hormone; WBC, White Blood Cell; HGB, Hemoglobin; RDW,
Red Cell Distribution Width; PLT ,Platelet; NEU, Neutrophil,
LYM, Lymphocytes ;MPW, mean platelet volume; PCT,
Plateletcrit ;LVEF, left ventricle ejection fraction

QT,QT/QRS (iCEB), Tp-Te, QRS Tp-Te/QT, Tp-Te/QTc,
QTc and QTc/QRS values were not significantly different
between the groups.

Table 2. Electrocardiographic results of the study population.

Variables Non-smokers smokers p
(n=118) (n=91) value
QRS(ms) 91.79F11.64 91.94F12.42 0.929
QT (ms) 325.39+24.60  326.0+22.88 0.865
TP-e (ms) 70.84F11.90 69.35F11.05 0.362
HR(beats/min) ~ 84.19F14.17 85.58+12.80 0.469
QTc(ms) 381.93F24.32  385.64¥23.23  0.270
TP-e/QT 0.21+0.034 0.21+0.034 0.345
TP-e/QTc 0.18+0.02 0.1740.02 0.140
QT/QRS 3.59+0.49 3.60+0.49 0.939
QTc/QRS 4.22%0.57 4.21%0.73 0.933

HR, Heart rate; Tp-e, T peak and end interval;QTc, Corrected QT
interval;ms, millisecond
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DISCUSSION

In this study performed on smoker and non-smoker young
males, no significant inter-group differences were
documented concerning such ECG parameters as QT,
QTc, Tp-Te/QTc ,Tp-Te and Tp- Te/QT, QT/QRS,
QTc/QRS indicating ventricular repolarization. Smoking
is among the well-established risk factors for
cardiovascular illnesses such as diabetes mellitus and
hypertension, and causes death worldwide.*® It causes
cardiovascular adverse events by decreasing the oxygen
transport capability of blood, increasing the workload of
myocardium, enhancing catecholamine release and
inducing endothelial cell dysfunction.* Nicotine, carbon
monoxide (CO) and tar are among the toxic chemicals of
cigarette. More specifically, nicotine may lead to cardiac
rhythm disorders including atrial fibrillation, transient
sinus arrest, sinus tachycardia, bradycardia and ventricular
tachyarrhythmia.®

Tp-Te/QT and Tp-Te ratio have been suggested to be
among novel ECG parameters indicating dispersion of
ventricular repolarization. Previous data suggested that
prolonged Tp-Te interval is related with sudden death and
ventricular arrhythmia.16-19

Moreover, some other electrophysiological studies
showed that a prolonged Tp-Te is associated with
ventricular arrhythmias induction.’® Greater Tp-Te/QT
ratios were reported to be associated with cardiac
arrhythmias in diverse clinical scenarios, such as acute
myocardial infarction, hypertrophic cardiomyopathy and
Brugada syndrome.”*° ligenli at al. reported that exposure
to chronic cigarette smoke was associated with a
prolonged Tp-Te, and increased Tp-Te/QTc and Tp-
Te/QT. This study suggested that there might be a
correlation  between  smoking and  ventricular
repolarization and abnormal ventricular repolarization in
long-term heavy smokers may explain the risk of increased
cardiovascular events .2 However, a total of 47 male and
female patients were included, and the mean age of the
patients was 42 years. There are significant differences
between our study and this study in terms of the number of
study population and mean age. The mean age of our study
was 25.8 years. Comparing two studies, we may suggest
that ventricular repolarization parameters are not affected

by smoking at younger ages, however, these parameters
are gradually affected at older ages, and the risk of

cardiovascular events and arrhythmia is increased.

In a study on smoker adolescents performed by Kayal: et
al, it was found that cigarette prolonged Tp-Te , Tp-Te/QTc
and Tp-Te/QT ratios. They concluded that smoking could
be associated with arrhythmias. The results of that study
did not correspond to the results of our study. In the study
of Kayali et al, the study population consisted of 87
subjects and the mean age was 17 years. The number of
cigarettes per day and years of smoking, Tpe interval,
Tpe/QTc andTpe/QT ratios were also different compated
to the current study .2* This study is also contradicted with
the study of Hallstrom et al showing that smoking and
cardiovascular events are dose-dependent .? Tasolar et al
observed that cTp-Te ,Tp-Te/QTc or Tp-Te/QT ratios
were elevated in smokers, and these elevations showed
significant correlation with the amount of cigarettes.? The
mean age of the subjects included in the study of Tasolar
et al was 35 years. We may suggest that ventricular
repolarization parameters that may cause ventricular
arrhythmias in the early period are not prolonged, and the
risk of cardiovascular events may increase as the amount
and duration of smoking increases. iCEB is a non-invasive
parameter which indicates ventricular proarrhythmic risk.
Since QT interval represents ERP and duration of QRS
complex changes with conduction velocity, iCEB may
give insight concerning both of cardiac depolarization and
repolarization. Hence, iCEB can predict more precisely the
cardiac proarrhythmic risk compared to sole QT interval
or transmural T-wave dispersion both of which points out
to the instabilities only in cardiac repolarization.?
Yumurtact et al showed in the patients with acute
myocarditis that Tp-Te, iCEB, Tp-Te/QT and Tp-Te/QTc
were significantly greater in subjects with cardiac
arrhythmia than those who did not develop arrhythmia.?
Furthermore, another study we conducted showed that
iCEB  calculated following  hemodialysis  were
significantly greater in the end-stage renal failure patients,
and this might be associated with ventricular arrhythmia.?
Besides, Ozdemir et al showed that ICEB changed in
individuals with smoking habits.?
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Our study should be assessed in the light of a number of
limitations. First, our study population is relatively small
and it is a single-center study. Multi-center studies with
larger populations are needed. The second important
limitation is that only young males were included in the
study group. Third, long-term outpatient ECG monitoring
(ECG Holter) methods could be used to evaluate the
relationship between arrhythmia and the studied
ventricular  repolarization parameters. The Fourth
important limitation is that measurements were manually
performed instead of computer-aided calculations.
Automated measuring systems have been developed for
QT measurement; however, there are current problems
with these systems .28 Manual identification of end of the
T-wave may possess low reproducibility, and be
problematic and cardiologist-dependent. For this reason,
automated softwares should be preferred.

To sum up, in this study, we showed that iCEB, Tp-Te,Tp-
Te/QTc or Tp-Te/QT did not change significantly in the
otherwise healthy young male smokers compared to the
nonsmokers. As far as we know, this study is the first to
investigate ICEB values in smoker subjects. Interpreting
our study results together with the current ones, we suggest
that ventricular repolarization is not impaired in smokers
younger than ~25 years old, while individuals older that
~35 years old may have prolonged ventricular
repolarization parameters and an elevated risk of adverse
cardiovascular arrhythmic events. In conclusion, the
sooner we quit smoking, the less adverse effects associated
with cardiac arrhythmia would occur.
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