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Abstract 

Background Smoking is a major preventable risk factor for cardiovascular morbidity and mortality. Tobacco smoking 
induces atherosclerosis, ischemic heart diseases, and arrhythmias. The impact of electronic cigarettes on cardiovascu-
lar health is still controversial. This study aimed to evaluate the electrocardiographic parameters in chronic electronic 
cigarette users compared to chronic conventional cigarette smokers and a non-smoker control group of matched age 
and gender.

Results The study involved 105 volunteers with no history of chronic or cardiovascular diseases or cardioactive drug 
use. Participants were assigned into three study groups, chronic e-cigarette users, conventional cigarette smokers, 
and non-smokers, each consisting of 35 participants. Demographic data, smoking history, vital signs, and 12-lead 
electrocardiogram (ECG) were evaluated. Demographic data were insignificantly different among all study groups. 
The mean heart rate was significantly higher in chronic electronic cigarette users and conventional cigarette smokers 
compared to non-smokers (p < 0.001).QRS complex duration was significantly shorter in e-cigarette users and con-
ventional smokers compared to non-smokers (p < 0.001). Prolonged QT and QTc intervals duration were recorded 
in e-cigarette users and conventional smokers compared to non-smokers (p < 0.001). All the ventricular repolarization 
indices (T wave—peak to T-end (Tpe) interval, TPe/QT ratio, and TPe/QTc ratio were significantly prolonged in chronic 
e-cigarette users, and conventional smokers compared to non-smokers (p < 0.001). Mean systolic, diastolic blood pres-
sure, P wave amplitude and duration, and PR interval were insignificantly different between all groups (P > 0.05).

Conclusions Chronic e-cigarette use is associated with higher heart rates, shorter QRS complex, prolonged QT, QTc 
duration, and prolonged ventricular repolarization indices compared to non-smokers of matched age and gender. 
Conclusively, e-cigarette use is associated with negative cardiovascular effects like conventional cigarette smoking.

Keywords Electronic cigarettes, Vaping, Conventional cigarettes, Fagerstrom test for nicotine dependence, Nicotine, 
Tobacco, Electrocardiogram, Ventricular repolarization parameters

Background
Tobacco smoking is the most preventable cause of mor-
bidity and mortality worldwide [1]. Tobacco smoking 
induces atherosclerosis, ischemic heart diseases, and 
arrhythmias. Cardiovascular diseases represented the 
main burden of disease in the Middle East in the past 30 
years and are a major cause of mortality [2].
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Electronic cigarettes (e-cigarettes), also known as 
vaping devices, have gained significant popularity as an 
alternative to traditional tobacco smoking. E-cigarettes 
were introduced to markets in 2007, and since then, it 
was promoted as a safer alternative to conventional cig-
arettes. Furthermore, it is advertised by manufacturers 
as a method to quit smoking with minimal or no harm-
ful effects and it is commonly used as a trendy smoking 
technique among youth [3, 4].

While e-cigarette use is often considered less harmful 
than conventional combustible cigarette smoking, the 
clinical effects of e-cigarettes on cardiovascular health 
remain inadequately understood. Hence, concerns have 
been raised regarding e-cigarette use and its potential 
cardiovascular negative impacts, including effects on 
cardiac electrophysiology and alterations in ventricular 
repolarization [5].

Numerous studies have evaluated the impact of 
conventional cigarette smoking on ECG parameters, 
demonstrating adverse effects on the ECG profile of 
smokers. To date, only a limited number of studies have 
investigated the impact of chronic e-cigarette smoking 
on ECG parameters, and the results have been incon-
sistent [6, 7].

Cardiovascular health is one area of concern due to 
the potential for e-cigarette aerosols to contain nicotine, 
propylene glycol, toxic chemicals, and ultrafine nano-
particles, which can have adverse effects on the myocar-
dium and cardiac conductivity [8]. Several studies have 
reported changes in cardiac function associated with 
e-cigarette use. However, the available data regarding 
the impact of e-cigarettes specifically on ECG param-
eters and ventricular repolarization indices remains 
scarce [9, 10].

The electrocardiogram (ECG) is a routine, non-inva-
sive, inexpensive, tool for assessment of cardiovascular 
disease and its risks, in both clinical and research set-
tings. Hence, the ECG can be used as a reliable tool to 
assess the cardiac effects of nicotine and other compo-
nents of e-cigarette aerosol on the heart [11].

Major and minor ECG changes powerfully predict 
increased cardiovascular morbidity and mortality in the 
general healthy population. Moreover, ECG interpreta-
tion is a basic skill attained by all general practitioners 
and is easily interpreted by most clinicians, widely availa-
ble in all health care centers, making it a powerful screen-
ing method for the cardiovascular function [12].

Novel ECG indices to assess ventricular repolariza-
tion are extensively used in recent research as Tpe, Tpe/
QT, and Tpe/QTc [13]. The Tpe interval is the duration 
between the peak and end of the T wave. Prolonged Tpe 
intervals may provoke periodic ventricular arrhythmias 
and predispose to sudden cardiac death [14].

Previous research showed an association between 
increased mortality and prolongation of Tpe interval in 
Brugada syndrome, long QT syndrome, and hypertrophic 
cardiomyopathy [15]. So, this study aimed to evaluate 
the electrocardiographic parameters in chronic elec-
tronic cigarette users compared to chronic conventional 
cigarette smokers and the non-smoker control group of 
matched age and gender.

Previous research was conducted to determine the 
cardiovascular effects of conventional cigarettes. How-
ever, published data regarding the cardiovascular effects 
of e-cigarettes is scarce despite its increasing use [8, 16]. 
The current study aimed to compare the electrocardio-
graphic parameters in chronic electronic cigarette users, 
conventional cigarette smokers, and non-smokers.

Methods
This is a comparative, cross-sectional study that was con-
ducted from January 2020 to January 2021. A total of 105 
healthy volunteers were enrolled, with 35 participants 
each study group.

The participants were apparently healthy volunteers 
who were gathered through convenient sample and 
snowball technique and recruited according to the exclu-
sive use of either e-cigarettes or conventional cigarettes. 
A structured questionnaire was designed and filled by 
the principal investigator for each participant through a 
face-to-face interview. The research questionnaire was 
anonymous to assure the reliability and validity of col-
lected data regarding smoking behavior (i.e., either exclu-
sively using e-cigarettes, conventional cigarettes, or dual 
smokers).

Participants were guaranteed to provide real answers 
by following ethical guidelines regarding privacy and 
confidentiality of data, and anonymity of the research 
questionnaire in addition to repeated questions about 
the smoking behavior as participants are more hon-
est towards behavioral structured questions which will 
ensure the validity of provided answers.

Participants were categorized into three study groups 
according to their smoking status. Group 1 included 35 
exclusive chronic e-cigarette users who are using e-cig-
arettes exclusively for more than 12 months according 
to DSM-V criteria for diagnosing nicotine dependence, 
group 2 included 35 exclusive chronic conventional ciga-
rette smokers who are smoking conventional cigarettes 
exclusively for more than 12 months according to DSM-V 
criteria of diagnosing nicotine dependence, and group 3 
control group of 35 healthy non-smokers of matched age 
and gender. A chronic e-cigarette user or chronic con-
ventional cigarette smoker according to the DSM-5 is 
defined as any individual who is used to the habit of daily 
smoking for more than 12 months [17, 18].
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Those who were dual smokers (currently smoke both 
conventional and electronic cigarettes) and other tobacco 
product users (i.e., Hookah, tobacco chewing, nicotine 
gum, bidis, snuff, pipe, or cigars) were excluded from the 
study due to variable nicotine concentrations in these prod-
ucts. Additionally, individuals with a history of chronic 
diseases, e.g., hypertension, diabetes mellitus, cardiac, res-
piratory, renal, or endocrine disorders or using concomi-
tant cardioactive medications or abusing illicit psychoactive 
substances were also excluded from the current study.

The study fulfilled Helsinki’s declaration, the purpose and 
procedure of the study were explained to all participants, 
and the study was approved by the full board of institu-
tional research ethics committee at its meeting on Novem-
ber 25, 2019 (Reference number: 4014#). All participants 
signed a written informed consent. Participants’ privacy as 
well as the confidentiality of their data were protected.

Statistical analysis
The data were statistically analyzed by Statistical Package 
for Social Science (SPSS) version 22 (SPSS Inc, Chicago, 
Ill., USA). Continuous variables were expressed as means 
and standard deviation (S.D.). Categorical variables were 
presented as frequencies and percentages. Continuous 
variables were compared between the three study groups 
by the one-way analysis of variance (ANOVA) test while 
categorical variables were compared by chi-square test. 
Independent sample Student’s T test was used to com-
pare means of continuous variables between e-cigarettes 
and conventional cigarette smoker groups. Correlation 
analysis was performed via Pearson’s correlation analysis. 
All statistical tests were two-sided, and a p value of < 0.05 
was considered significant.

Results
This comparative study was conducted on 105 vol-
unteers with age ranges from 19 to 57 years old, 
mean = 31.16 ± 10.65 years with male gender predominance 

(58 males, 55.2% of participants) compared to (47 females, 
44.8% of sample). There was no significant difference 
between the three study groups regarding demographic 
data (P value > 0.05) (Table 1).

Regarding smoking history, a comparison of smoking 
indices between e-cigarette users and conventional ciga-
rette smokers was of no statistical significance (p > 0.05). 
On the contrary, the conventional cigarette users group 
had a statistically significant longer duration of smok-
ing and higher scores in the Fagerstrom test of nicotine 
dependence (FTND) (p < 0.001) (Table 2).

Regarding types of smoking products used by both 
smoker groups, it was found that the e-cigarette user 
group reported using e-liquids of variable nicotine 
strength ranging from nicotine content of 30–60 mg/ml, 
in addition to flavorings, glycerin, propylene glycol, and 
diethylene glycol.

While the conventional cigarette smoker group 
reported using local and imported tobacco cigarettes of 
medium strength, which contained nicotine concentra-
tion of (10–20  mg/cigarette), Tar, CO, formaldehyde, 

Table 1 Demographic characteristics of the three study groups (N = 105)

Group 1: Electronic cigarette users

Group 2: Conventional cigarette smokers

Group 3: Non-smokers control group
$ One-way ANOVA
x Chi-square test

Demographic characteristics Group 1 (n = 35) Group 2 (n = 35) Group 3 (n = 35) p value

Age

 • ≤ 20 years 6 (17%) 2 (6%) 2 (6%) 0.2$

 • > 20–40 years 27 (77%) 29 (83%) 27 (77%)

 • > 40 years 2 (6%) 4 (11%) 6 (17%)

Gender, (females/males %) 12/23 (34/66%) 13/22 (37/63%) 14/21 (40/60%) 0.962x

Scholastic attainment (middle/high) 13/22 8/27 12/23 0.422x

Table 2 Smoking history among electronic cigarette users and 
conventional cigarette smokers (N = 70)

Group 1: Electronic cigarette users

Group 2: Conventional cigarette smokers

FTND Fagerstrom test of nicotine dependence
* Statistically significant at p value < 0.05
t Student’s T-test
x Chi-square test

Smoking history 
(mean ± SD)

Group 1 
(n = 35)

Group 2 
(n = 35)

p value

Smoking index (pack years) 20.5 17.7 0.222t

Smoking duration (years) 2.2 ± 0.7 3.7 ± 1.5  < 0.001*t

Severity of nicotine dependence (FTND score), no. (%)

 • Moderate dependence 15 (42.9%) 0 (0%)  < 0.001*x

 • High dependence 20 (57.1%) 35 (100%)
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polycyclic aromatic hydrocarbons, and tobacco-specific 
nitrosamines.

The clinical vital signs among the three study groups 
are shown in Table  3. Comparing means of heart rates 
between e-cigarette users (71.71 ± 9.23) and conventional 
cigarette smokers (73.43 ± 5.2) showed no statistical signifi-
cance. However, heart rate was significantly higher in both 
smoker groups compared to non-smokers (64.23 ± 3.4).

Regarding systolic, diastolic blood pressure, body 
mass index, and oxygen saturation, no statistically sig-
nificant difference was shown between the three study 
groups. However, it is shown that diastolic blood pres-
sure is increased in the e-cigarette user group and 
conventional cigarette smokers compared to the non-
smoker control group.

Electrocardiographic parameters of all three study 
groups are represented in (Table 4). All participants had 
sinus rhythm. The mean QRS complex duration in mil-
liseconds showed a similar significant shortening in both 
electronic cigarette users and conventional cigarette 

smoker groups compared to non-smokers (88.86 ± 9.3, 
87.7 ± 9.4, 100.57 ± 6.8), respectively (P < 0.001).

Conversely, the mean duration of QT interval in mil-
liseconds showed a similar significant prolongation in 
both electronic cigarette users and conventional cigarette 
smokers groups compared to non-smokers (360 ± 17.6, 
361.22 ± 14.2, 343.7 ± 24.3), respectively (P < 0.001). 
Similarly, the mean duration of QTc interval in millisec-
onds showed a similar significant prolongation in both 
electronic cigarette users and conventional cigarette 
smoker groups compared to non-smokers (390.9 ± 13.16, 
394.86 ± 16.19, 385 ± 13.16), respectively (P < 0.001).

All ECG parameters of ventricular repolarization indi-
ces (Tpe, Tpe/QT, and Tpe/QTc) showed a similar signifi-
cant prolongation in e-cigarette users and conventional 
cigarette smokers compared to the non-smoker control 
group (P < 0.001).

Regarding P wave duration, amplitude, and PR interval 
duration, differences were of no statistical significance 
between the three study groups.

Table 3 Comparison of the clinical vital signs among the three study groups (N = 105)

Group 1: Electronic cigarette smokers

Group 2: Conventional cigarette smokers

Group 3: Non-smokers control group
* Statistically significant at p value < 0.05
$ One-way Anova
# LSD post-hoc test

Vital signs 
(mean ± SD)

Group 1 (n = 35) Group 2 (n = 35) Group 3 (n = 35) p value between 
the three groups

p value between 
males and 
females

p value between 
group 1 and 
group 2

F test

Heart rate (bpm)
 Total 71.7 ± 9.2 73.4 ± 5.2 64.2 ± 3.4  < 0.001*$ 0.54 0.26# 11.75

 Males 68.4 ± 6.5 73.5 ± 4.7 64.5 ± 3.6

 Females 76 ± 10.7 73.2 ± 5.9 63.9 ± 3.01

Systolic blood pressure (mmHg)
 - Total 115.7 ± 5.4 114.9 ± 5.6 114.3 ± 5.2 0.537$ 0.96 0.55# 71.4

 - Males 114.5 ± 5.1 118.8 ± 9.5 114.7 ± 5.1

 - Females 114.7 ± 5.2 115.6 ± 9.6 113.8 ± 5.01

Diastolic blood pressure (mmHg)
 - Total 75.4 ± 9.2 78.8 ± 8.9 70.6 ± 8.8 0.736$ 0.78 0.84# 0.5

 - Males 78.5 ± 5.4 79.5 ± 9.1 70 ± 9.7

 - Females 69.3 ± 7.3 71.9 ± 8.5 67.2 ± 5.4

Body mass index (BMI)
 - Total 23.6 ± 1.9 22.6 ± 2 25.02 ± 1.1 0.9$ 0.85 0.7# 12.29

 - Males 23.4 ± 2.1 22.3 ± 2 23.4 ± 2.4

 - Females 23 ± 1.6 22.9 ± 1.9 23.9 ± 1.4

Oxygen saturation (SpO2)
 - Total 97.91 ± 0.3 97.75 ± 0.5 98.12 ± 0.15 0.09$ 0.06 0.8# 4.63

 - Males 97.82 ± 0.45 97.42 ± 0.57 98.92 ± 0.27

 - Females 97.96 ± 0.18 97.67 ± 0.36 99.11 ± 0.12
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ECG parameters such as QRS, QT, QTc, Tpe, Tpe/
QT, and Tpe/QTc were no statistically significant dif-
ference between e-cigarette users and conventional 
cigarette smokers (p > 0.05). However, these parameters 
differed significantly between e-cigarette users and the 
non-smoker control group and between conventional 
cigarette smokers and the non-smoker control group 
(p < 0.001).

A sample of the recorded ECG tracings in the cur-
rent study is illustrated in Figs.  1 and 2, which display 
ECG tracing for an electronic cigarette user (Fig. 1) and 
another ECG tracing of a conventional cigarette smoker 
(Fig. 2).

Table 5 shows correlation analysis was performed using 
Pearson’s bivariate correlation coefficient between smok-
ing index, smoking duration (as independent variables), 

Table 4 Electrocardiographic (ECG) parameters among the three study groups (N = 105)

Group 1: Electronic cigarette smokers

Group 2: Conventional cigarette smokers

Group 3: Non-smokers control group
* Statistically significant at p value < 0.05
$ One-way Anova
# LSD post-hoc test

Variable (mean ± SD) Group 1 (n = 35) Group 2 (n = 35) Group 3 (n = 35) p value between Group 1, 
Group 2, and Group 3

p value between 
Group 1 and Group 2

F test

P wave amplitude (mv) 0.251 ± 0.001 0.249 ± 0.004 0.25 ± 0.003 0.37$ 0.9# 1

P wave duration (ms) 114.6 ± 7.8 111.4 ± 12.16 108 ± 15.1 0.08$ 0.223# 2.6

P-R interval (ms) 126 ± 8.1 126.57 ± 8.7 127.71 ± 9.1 0.702$ 0.279# 0.35

QRS complex(ms) 88.86 ± 9.3 87.7 ± 9.4 100.57 ± 6.8  < 0.001* $ 0.580# 23.9

QT interval 360 ± 17.6 361.22 ± 14.2 343.7 ± 24.3  < 0.001* $ 0.783# 22.751

QTc interval(ms) 390.9 ± 13.16 394.86 ± 16.19 385 ± 13.16  < 0.001* $ 0.633# 51.4

Tpe interval (ms) 83.2 ± 6.6 85.5 ± 4.3 78.86 ± 5.2  < 0.001* $ 0.85# 188.7

TPe/QT ratio 0.23 ± 0.01 0.25 ± 0.02 0.2 ± 0.03  < 0.001* $ 0.79# 250.9

TPe/QTc ratio 0.21 ± 0.02 0.23 ± 0.03 0.19 ± 0.02  < 0.001* $ 0.76# 964.5

Fig. 1 ECG tracing of an e-cigarette user showing sinus rhythm (87 bpm), QT (348 ms), and QTc (420 ms)
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and the reported ECG parameters in the e-cigarette user 
group and conventional cigarette smoker group (as the 
dependent variables). Neither the smoking index nor the 
smoking duration had a significant correlation with the 
reported ECG parameters of both the e-cigarette user 
group and conventional cigarette smoker groups, p > 0.05.

Discussion
According to the current knowledge little is known about 
the cardiovascular effects of e-cigarette use which may 
not be risk-free. The chemical composition of e-cigarette 
aerosol contains propylene glycol, glycerin, nicotine, fla-
vors, aroma transporters, and other substances. The lev-
els of nicotine, tobacco-specific nitrosamines (TSNAs), 
aldehydes, metals, volatile organic compounds (VOCs), 
flavors, and tobacco alkaloids in e-cigarette aerosols vary 
greatly. Hence, chronic use of e-cigarettes may poten-
tially impact health [19].

The major new finding in this study is the prolonged 
ventricular repolarization indices in chronic e-cigarette 
users, which may predispose to fatal ventricular arrhyth-
mias and sudden cardiac death just similar to the pre-
viously documented risks of conventional cigarette 
smoking [20].

In the present study, the mean heart rate of chronic 
e-cigarette and conventional cigarette smokers was 
higher compared to non-smokers. This is in concord-
ance with similar past studies conducted on chronic 
combustible cigarette smokers and can be attributed to 
the presence of nicotine in both electronic cigarettes and 

conventional cigarettes consumed by the participants 
[20–22].

In the present study, neither the systolic blood pressure 
(SBP) nor the diastolic blood pressure (DBP) showed any 
significant differences between the three study groups.

In concordance with our results, past similar studies by 
Bayramoğlu et al. and Lan et al. stated that no correlation 
was found between cigarette smoking and blood pressure 
after adjustment for age, BMI, and physical activity [22, 23].

A possible explanation for the similarity in blood pres-
sure levels between smokers and non-smokers in the pre-
sent study could be due to adaptation or rebound effect. 
Blood pressure is one vital parameter that lies under a 
tight physiological control mechanism of homeostasis 
[24].

Regarding P wave amplitude and duration and P-R 
interval, there was no significant differences between 
the three study groups. This may be attributed to the less 
evident effects of nicotine on atrial electrical activity and 
atrial conduction. This agrees with previous studies about 
the effect of conventional cigarette smoking on ECG, 
in which P wave, and P-R interval were similar between 
smokers and non-smokers [25–27].

Regarding QT and QTc interval, the current study 
showed a statistically significant prolongation of QT and 
QTc interval among e-cigarettes and conventional ciga-
rette smokers compared to non-smokers which is con-
sistent with previous studies by Özdemir et al. and Demir 
et  al. who reported prolonged QTc duration in chronic 
cigarettes smoking compared to non-smokers [26, 28].

Fig. 2 ECG tracing of a conventional cigarette smoker showing sinus rhythm (79 bpm), QT (390 ms), and QTc (450 ms)
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Prolonged QTc duration is a recognized predictor of 
ventricular arrhythmias and a predisposition to sudden 
cardiac death. A recent study conducted by Tokgozoglu 
et  al. deducted that chronic smoking may induce coro-
nary vasoconstriction, ST elevated myocardial infarction 
(STEMI) ischemia, and various ventricular arrhythmias 
as a result of QT abnormalities [29, 30].

The current study showed that all the ventricular repo-
larization indices (Tpe, Tpe/QT, and Tpe/QTc ratios) 
were similarly prolonged in e-cigarette users and con-
ventional cigarette smokers compared to non-smokers 
which is consistent with past research results by Demir 
et al. and Tokgozoglu et al. in which prolonged ventricu-
lar repolarization indices in chronic conventional ciga-
rettes smoking compared to non-smokers was reported 
[28, 29].

Previous research showed an association between 
increased mortality and prolongation of Tpe interval in 
Brugada syndrome, long QT syndrome, and hypertrophic 
cardiomyopathy [15].

Thus, the considerable TPe interval prolongation in the 
e-cigarette user group is considered an indirect measure-
ment of repolarization time dispersion and correlated 
with the risk of ventricular arrhythmogenesis. The TPe/
QT ratio is regarded as a more sensitive marker of liabil-
ity to arrhythmia as it is not dependent on differences in 
body weight or heart rate [13, 15].

The ventricular repolarization indices, Tpe interval, 
Tpe/QT, and Tpe/QTc ratio are ECG parameters and 
calculated ratios that correlate with ventricular diastolic 
dysfunction and show better predictive values for ven-
tricular arrhythmias than traditional parameters such 
as QT interval. The altered ventricular electrical activi-
ties predispose chronic smokers to episodes of ventricu-
lar arrhythmias, torsade de pointes, and sudden cardiac 
death [28].

The current findings provide evidence for the nega-
tive impacts of e-cigarette use on electrical cardiac activ-
ity. E-cigarette use impacts cardiovascular function just 

like the conventional cigarette smoking does. The main 
limitation of our study was its cross-sectional design that 
cannot establish a cause-and-effect relationship.

Conclusions
The current study concluded that both chronic e-ciga-
rette users and conventional cigarette smokers have elec-
trocardiographic patterns that are significantly different 
from that of non-smokers of matched age and gender. 
Chronic electronic cigarette use increases heart rates, 
prolongs QT, QTc interval duration, and all ventricular 
repolarization indices similar to chronic conventional 
cigarette smoking. Conclusively, e-cigarette use should 
be considered a novel threat to cardiovascular health, and 
it is better advised to quit all types of smoking.
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