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This study aims to observe changes in heart-rate variability (HRV) indices induced by e-cigarette and
conventional-cigarette smoking and to compare the differences in acute cardiac autonomic regulation.
All participants (n=41) were exposed to both e-cigarette smoke (ES) and conventional cigarette smoke
(CS) in a randomized crossover trial. HRV analysis was performed during each smoking session based
on a recorded r-r interval 10 minutes before smoking and at specified recovery periods (REC1, 0-5
min; REC2, 5-10 min; REC3, 10-15 min; REC4, 15-20 min; REC5, 20-25 min; and REC6, 25-30 min).
ES led to a significantly increased cardiac sympathetic index (LF/HF ratio) compared with the base-
line, and it shifted the sympathovagal balance toward sympathetic predominance, including reduction
in the complexity of the interbeat interval (SampEn). In REC1 after ES, only decreases of para-
sympathetic indices such as tMSSD, pNN50, HF, and SD1 were indicated. CS sessions produced not
only an increased LF/HF ratio during smoking and recovery periods (REC1 and REC4) but also en-
hanced sympathetic predominance on autonomic balance during smoking and recovery periods
(REC1, REC2, and REC4). In the CS trials, parasympathetic indices of time and non-linear analysis
(rtMSSD, pNNb50, and SD1) were decreased during smoking and in REC1 to REC5. SampEn was also
reduced during smoking and REC1 to REC4. Acute sympathoexcitatory effects induced by e-cigarette
use produced statistically significant results. Parasympathetic withdrawal after smoking suggests that

e-cigarettes may cause increased cardiovascular risk.

Key words : Cardiac autonomic regulation, electronic cigarettes, heart rate variability, parasympathetic

withdrawal, sympathoexcitatory effect
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Table 1. Clinical characteristics of the subjects (1=41)

Variables Values
Clinical information
Age, years 22.98+0.31
Height, cm 173.72+0.80
Weight, kg ) 71.51£1.33
Body mass index, kg/m 23.67+0.36
Waist/Hip ratio 0.85+0.01
Percent body fat, % 17.55+0.72
Mean heart rate, beats/min 57.32+1.05
Systolic blood pressure, mmHg 117.12+1.35
Diastolic blood pressure, mmHg 76.98+1.44
Mean arterial pressure, mmHg 57.32+1.05
Smoking status
Smoking duration, years 5.68£0.31
Cigarettes per day, number 14.39+0.67
CDS-12, score 36.15+1.13
Exhaled CO, ppm 6.72+0.65
COHDb, % 1.72+0.11

Values are means + SEM.
CDS-12, Cigarette Dependence Scale-12; CO, carbon
monoxide; COHb, carboxyhemoglobin.
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Fig. 1. Changes of time domain indices induced by smoking sessions open circle and solid line, CS (conventional cigarette smoking);
closed circle and dotted line, ES (e-cigarette smoking); rMSSD, root mean square of the successive differences; pNN50, NN50
(number of successive RR interval pairs that differ more than 50 ms) divided by the total number of r-r intervals. *(p<0.05)
or ** (p<0.001) indicates the difference between ES and CS calculated by paired t-test; * (p<0.001) indicates the difference

between baseline and each period calculated by one-way ANOVA with Bonferroni post hoc test in ES; ! (p<0.05) or !

" (p<0.001)

indicates the difference between baseline and each period calculated by one-way ANOVA with Bonferroni post hoc test in
CS; interaction effects are obtained from repeated measures two-way ANOVA.
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Fig. 2. Changes of spectral indices induced by smoking sessions open circle and solid line, CS (conventional cigarette smoking);
closed circle and dotted line, ES (e-cigarette smoking); HF, high frequency band power, 0.15-0.4 Hz; LF/HF ratio, ratio of
LF (low frequency band power, 0.04-0.15 Hz) and HF; LF nu, normalized unit of LF; HF nu, normalized unit of HF. *(p<0.05)

or **(p<0.001) indicates the difference between ES and CS calculated by paired t-test;

" (p<0.05) or ™ (p<0.001) indicates

the difference between baseline and each period calculated by one-way ANOVA with Bonferroni post hoc test in ES; ! (p<0.05)
or " (p<0.001) indicates the difference between baseline and each period calculated by one-way ANOVA with Bonferroni

post hoc test in CS

; interaction effects are obtained from repeated measures two-way ANOVA.
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Fig. 3. Changes of non-linear indices induced by smoking sessions open circle and solid line, CS (conventional cigarette smoking);
closed circle and dotted line, ES (e-cigarette smoking); SD1, the standard deviation of the instantaneous beat-to-beat r-r interval
variability (minor axis of the ellipse) in Ponicaré plot; SampEn, sample entropy. *(p<0.05) or ** (p<0.001) indicates the difference

between ES and CS calculated by paired t-test; #

(p<0.05) or ™ (p<0.001) indicates the difference between baseline and each
period calculated by one-way ANOVA with Bonferroni post hoc test in ES; !

(p<0.05) or " (p<0.001) indicates the difference

between baseline and each period calculated by one-way ANOVA with Bonferroni post hoc test in CS; interaction effects

are obtained from repeated measures two-way ANOVA.
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