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The aims of this study were to compare the differences in hemodynamics between cigarette smoking
and using heated tobacco products (HTPs) and to determine the acute effects of using HTPs on cardiac
autonomic regulation. Another goal was to examine the acute cardiac autonomic responses when using
different tobacco sticks in HTPs. Sixteen healthy male smokers completed an open-label, randomized,
crossover trial consisting of non-smoking (NS), cigarette smoking, and the use of two different HTPs
(IQOS with HEETS; lil SOLID with Fiit). Sub-trials, which included NS, lil SOLID with Fiit, and
lil SOLID with HEET, were performed on eight smokers among the total subjects. Hemodynamic
variables, such as systolic blood pressure (SBP) and diastolic blood pressure (DBP), and heart rate
variability were measured before, during, and 30 minutes after using each tobacco product. Using
HTPs resulted in a significant increase in both SBP and DBP, comparable to smoking cigarettes.
Cardiac sympathetic activity significantly increased, and cardiac vagal tone (CVT) significantly de-
creased after acute exposure to HTP aerosol, similar to the effects of cigarette smoke exposure.
Furthermore, differences in the withdrawal of CVT were observed when using different tobacco sticks
in the same HTPs. The findings of this study indicate that acute exposure to HTP aerosol increases
the hemodynamic burden and disrupts cardiac autonomic balance, similar to exposure to cigarette
smoke. Moreover, depending on the type of tobacco stick inserted into the HTP device, acute with-
drawal of CVT may have been enhanced.

Key words : Cardiac autonomic regulation, cardiac sympathetic nerve activity, cardiac vagal tone,
heated tobacco products, hemodynamic variables
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Sham control: Nicotine-Free Stop Smoking kit

Conventional cigarette: Marlboro Gold (Philip Morris International, PMT)
Heated tobacco product (HTPs): IQOS with HEETS stick (PMI)

HTPs: Lil SOLID with Fiit stick (Korea Tobacco & Ginseng ,KT&G) (KT&G)

Sham control: Nicotine-Free Stop Smoking kit

* Tobacco stick 1: HEETS stick with lil SOLID

with 48 hours
washout period

Criterion measures

Experimental procedures
® Anthropometry

* Tobacco stick 2: Fiit stick with lil SOLID

) Baseline Smoking or
® Smoking status (before use)  Vaping 30-min Recovery
® Carbon monoxide (CO) &
Carboxyhemoglobin (COHb) 10-min 5-min 5-, 10-, 15-, 20-, 25-,and 30-min &
® Blood pressure (BP) & COHb BP, HR BP, HR COHb
Heart rate (HR) & ’fIRV & }1RV BP, HR &HRV

® Heart rate variability(HRV)

Fig. 1. Experimental design.



Table 1. Clinical characteristics and smoking status of partic-
ipants

Clinical characteristics

Age (years) 22.44+0.59
Body mass index (kg/m®) 24.15+0.74
Systolic blood pressure (mmHg) 114.00+2.77
Diastolic blood pressure (mmHg) 66.81+1.42
Mean arterial pressure (mmHg) 82.54+1.71
Mean heart rate (beats/min) 65.63+1.89
Smoking status

Smoking duration (months) 48.13+5.65
Smoking intensity (cigarettes/day) 15.25+1.26
Cigarette dependence scale-12 (scores) 37.88+1.74
Fagerstrom test for nicotine dependence 3.00+0.45

(scores)

Tar contents (own brand cigarettes, mg) 2.56+0.54
Nicotine contents (own brand cigarettes, mg) 0.23+0.04
Carbon monoxide (ppm) 8.56+1.77
Carboxyhemoglobin (%) 2.01+0.28

Values are presented as means £ SEM (n=16).
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A ZE AREel W2 o3t A8 adE UER o,
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EAZA A2 JERIAIYE NS, 1Q 2 LS 3t 2] 3 2tol=
$AATH(Table 2).
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= 47 A i BAACE ST, 2k A 3
3t W& o3k A8 a s JETHFig. 2). A
S8 Az SBP, DBP % MAP Z}2}te] w3l ako A NS&=
CS, 1Q % LS¢}t 24z BAIA 2& UeiARt me d
kA A 3poll A FHl A F 3 o7 2bol= IATHFE. 2).

31T W DBPSF MAPE 7M7) LSf 2 Lsholl A 242t
AR RE FUtgoH, AlA Tt Al & fold A
524 397} A th(Fig. 3B, 3C). AFFE4] A3, DBP
2 MAP Z+7}+2] W3lakoll Al NSE LSf © Lshe} 242t E4
A = JERIAITHFig. 3B, 3C), T AR BT A% 29 3+
o3 2ol YT whd, oMod;L =<t SBp W3}

>

o AR 7 AT HE fola Asate Bl AU
Table 2. Changes in exhaled carbon monoxide and carboxyhemoglobin
Before After p-value Interaction

NS’ 7.00+0.70 6.88+0.63 0.497 Time 0.000
CO (ppm) CS 6.81+0.72 16.63+1.23 0.000 Group 0.001

1Q" 7.13+0.79 7.75+0.80 0.008 Time x Group

LS 7.19+1.23 7.56+0.94 0.143 0.000

NS 1.75+0.11 1.74+0.10 0.708 Time 0.000
COHb (%) CS 1.74+0.12 3.31+0.20 0.000 Group 0.001

(0} 1.78+0.13 1.89+0.13 0.011 Time x Group

LS’ 1.79£0.20 1.86+0.15 0.100 0.000

Values are presented as means = SEM (n=16).
Abbreviations: CO, carbon monoxide; COHb, carboxyhemoglobin
p values were calculated using paired-samples t-test or Wilcoxon’s signed-ranks test.
Repeated measures ANOVA was used to calculate the interaction effect.
*(p<0.01), Statistically significant differences between CS and other sessions calculated by repeated measures ANOVA with

Bonferroni's post-hoc test.
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ADiastolic blood pressure (mmHg) ASystolic blood pressure (mmHg)

AMean arterial pressure (mmHg)

Before Smoking RECI  REC2 REC3 REC4 REC5 REC6
13 r
Interaction
Source ¥4
Time 0.000
9 Group 0.000

Time x Group  0.006

g LS. p=0.005
~$CS.p=0.000

01Q, p =0.002

ONS, p=0.982

——— *
— * /
—0—NS ~e-CS —0—1Q -

3 L

Before Smoking RECI REC2 REC3 REC4 REC5 REC6
16 r
Interaction
Source P
Time 0.000
1 Group 0.000
Time x Group  0.000
6
-4 CS. p=0.000
LS, p =0.000
1Q, p = 0.000
1 NS, p=0.572
r 1
[k %*
4 L —0—NS -—e-CS —0—IQ -—=-LS
Before Smoking RECI  REC2 REC3 REC4 RECS REC6
16
Interaction
Source 4
Time 0.000
11 Group 0.000

Time x Group  0.000

g LS, p =0.000
CS.p =0.000

1Q, p = 0.000

NS, p=0921

4

Fig. 2. Variances of hemodynamic variables. Abbreviations: NS,

non-smoking; CS, cigarette smoking; 1Q, IQOS with
HEETS; LS, lil SOLID with Fiit; REC (recovery)l, 0-5
min after smoking; REC2, 5-10 min after smoking;
REC3, 10-15 min after smoking; REC4, 15-20 min
after smoking; RECS5, 20-25 min after smoking; REC6,
25-30 min after smoking. p values were calculated us-
ing one-way analysis of variance (ANOVA) with Bon-
ferroni's post-hoc test (for equal variance) or Dunnett's
T3 post-hoc test (for unequal variance). Repeated meas-
ures ANOVA was used to calculate the interaction
effect. “(p<0.01) and ~"(p<0.001), statistically significant
differences between NS and other sessions calculated
by repeated measures ANOVA with Bonferroni's post-
hoc test.
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Fig. 3. Variances of hemodynamic variables in sub-trials. Abb-

reviations: NS, non-smoking; LSf, lil SOLID with Fiit;
LSh, 1lil SOLID with HEETS; REC (recovery)l, 0-5
min after smoking; REC2, 5-10 min after smoking;
REC3, 10-15 min after smoking; REC4, 15-20 min
after smoking; RECS, 20-25 min after smoking; REC6,
25-30 min after smoking. p values were calculated us-
ing one-way analysis of variance (ANOVA) with Bon-
ferroni's post-hoc test (for equal variance) or Dunnett's
T3 post-hoc test (for unequal variance). Repeated meas-
ures ANOVA was used to calculate the interaction
effect. “(p<0.01) and " (p<0.001), statistically significant
differences between NS and other sessions calculated
by repeated measures ANOVA with Bonferroni's post-
hoc test.
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Table 3. Changes in mean heart rate and heart rate variability

Before Smoking RECI REC2 REC3 REC4 RECS REC6  p-value

NS  71.27£2.68 72.12+2.69 70.37+£2.73 68.94+2.67 69.75+2.67 68.50+2.38 70.06+2.47 70.85+2.51 0.982
Mean HR CS™  70.25+2.24 94.4142.19 93.13+2.62 88.40+2.35 85.31+2.33 83.40+2.31 81.79+2.25 80.86+2.18 0.000
(bpm)  IQ"  71.05+2.42 89.47+1.98 91.49+2.23 85.92+1.78 81.79+2.05 79.73+1.88 79.56+1.62 78.43£2.01 0.000

LS”  71.96+2.32 90.81£230 93.86+2.26 88.68+2.04 85.86+2.14 83.65+2.16 82.72+2.07 80.64+2.20 0.000
Interaction Time 0.000 Group 0.000 Time % Group 0.000

Time-domain analysis

NS 3.66+0.12  3.92+0.09 3.65+0.14 3.76+0.13 3.84+0.12 3.85£0.11 3.81+0.11 3.79+0.10 0.713
Ln CS™ 3.79+0.11 3.42+0.09 3.10+£0.12  3.20£0.10 3.21£0.10 3.30£0.11 3.35£0.11 3.34£0.11 0.001
SDNN IQ"  3.64+£0.12 3.50+0.08 3.09£0.11 3.2130.09 3.35+0.09 3.42+0.07 3.28+0.10 3.33£0.08 0.004

LS"  3.65:0.11 3.54+0.08 3.12+0.10 3.22+0.11 3.32+0.10 3.31£0.12 3.36x0.11 3.38+0.11 0.017
Interaction Time 0.000 Group 0.002 Time % Group 0.000

NS  24.15£5.78 26.17+5.09 25.21+£6.03 28.68+6.92 26.26+5.95 27.53+6.09 25.31+£5.17 23.15+£5.15 0.999

PNN50 CS™ 2494524 4.15+091 229+1.00 2.94+093 3.58+1.09 5.57+1.35 6.81+1.62 7.32+2.07 0.000

(%) Q7 21.27+534 435090 1.94£0.82 2.79+1.04 457+1.69 6.63+2.36 5.49+220 6.07+2.02 0.000

LS” 18.60+521 5.60+1.43 1.58+0.58 3.23+1.13 4.52+1.62 5.87+225 6.32+2.12 9.07+3.13 0.000
Interaction Time 0.000 Group 0.000 Time x Group 0.000

Spectral analysis

NS 6.64+0.20 7.13+£0.16 6.42+0.29 6.61+0.28 6.81+£0.28 7.05£0.23 6.91£0.22 6.98+0.20 0.383
cs’ 6.74+0.25 5.87+0.23 5.64+0.28 5.77+0.28 5.58+0.23 6.00£0.25 6.24+0.25 6.16+£0.23 0.028
1Q 6.43+0.21 6.27+0.18 5.60+0.24 5.84+0.25 6.16+£0.22 6.28+0.20 6.08+0.26 6.02+0.20 0.195
LS 6.42+0.23  6.35+0.24 5.75+0.23 5.94+0.26 6.08+0.23 6.14+0.24 6.17+0.24 6.08+0.23 0.579

Interaction Time 0.000 Group 0.014 Time % Group 0.018
NS 7.31£0.23  7.76+0.18  7.21+0.29  7.37£0.30 7.57+0.25 7.72+0.24  7.53+£0.23 7.61+0.20 0.708

CS™ 751023 634+022 6.10£0.23 6.27+025 6.17+021 6.55£023 6.78+0.23 6.72£0.21 0.000
IQ7 7244023 6.69£0.17 6.08+0.21 6.36£021 6.65£0.20 6.79+0.17 6.56+0.23 6.60£0.18 0.010

LS 7.12£0.26  6.87+0.20 6.17£0.22 6.50+0.22 6.62+0.19 6.64+0.23  6.69+0.23 6.72+0.21 0.150
Interaction Time 0.000 Group 0.002 Time x Group 0.000

Non-linear analysis

Ln LF

Ln TP

NS 3.24+0.16  3.35+0.14 3.26+0.18 3.37+0.18 3.36+0.16 3.42+0.14 3.32+0.15 3.29+0.14 0.993
CS”  331x0.14 2.57+0.12 228+0.15 2.47+0.13 2.55+0.13 2.67+0.14 2.73+0.14 2.77£0.12  0.000
Q7 3.19%0.17 2.68+0.10 2.29+0.13 2.50+0.11 2.66+0.10 2.77+0.10 2.66£0.11 2.75£0.11 0.000

LS”  3.14+0.15 2.67+0.12 227+0.14 2.46+0.14 2.60+£0.14 2.65+0.14 2.71+0.13 2.81+0.13 0.002
Interaction Time 0.000 Group 0.001 Time x Group 0.000

NS 3.87+0.11 4.17+0.08 3.85+0.13 3.95+0.12 4.05+£0.11 4.07£0.10 4.04£0.10 4.02+0.10 0.442
CS" 4012010 3.71£0.09 3.39+0.11 3.48+0.10 3.47£0.10 3.56£0.11 3.61x0.11 3.59+0.10 0.002
1Q 3.85+0.11 3.79+0.08 3.37+0.10 3.49+0.09 3.63+£0.09 3.68+0.07 3.54+0.10 3.59+0.08 0.009
LS 3.87+0.10  3.84+0.08 3.41+0.10 3.50+0.11 3.59+0.10 3.58+0.11 3.62+0.11 3.63+0.11 0.027

Interaction Time 0.000 Group 0.005 Time % Group 0.000

Ln SDI1

Ln SD2

Values are presented as means + SEM (n=16).

Abbreviations: NS, non-smoking; CS, cigarette smoking; IQ, IQOS with HEETS; LS, 1lil SOLID with Fiit; REC (recovery)l,
0-5 min after smoking; REC2, 5-10 min after smoking; REC3, 10-15 min after smoking; REC4, 15-20 min after smoking;
RECS, 20-25 min after smoking; REC6, 25-30 min after smoking; HR, heart rate; Ln, log-transformed data; SDNN, standard
deviation of normal-to-normal RR intervals; pNN50, relative number of successive RR interval pairs that differ more than 50
msec; LF, low frequency band (0.04-0.15 Hz); TP, total spectral power; SD1, in Poincaré plot, the standard deviation perpendicular
to the line-of-identity; SD2, in Poincaré plot, the standard deviation along the line-of-identity

p values were calculated using one-way analysis of variance (ANOVA).

Repeated measures ANOVA was used to calculate the interaction effect.

*(p<0.05) and **(p<0.01), Statistically significant differences between NS and other sessions calculated by repeated measures
ANOVA with Bonferroni's post-hoc test.
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Variances of heart rate variability indices. Abbrevia-
tions: NS, non-smoking; LSf, lil SOLID with Fiit;
LSh, lil SOLID with HEETS; REC (recovery)l, 0-5
min after smoking; REC2, 5-10 min after smoking;
REC3, 10-15 min after smoking; REC4, 15-20 min
after smoking; RECS5, 20-25 min after smoking; REC6,
25-30 min after smoking; Ln, log-transformed data;
rMSSD, root mean square of successive RR interval
differences; SD2/SD1 ratio, ratio between SD2 (in
Poincaré plot, the standard deviation along the line-of-
identity) and SD1 (in Poincaré plot, the standard devia-
tion perpendicular to the line-of-identity). p values
were calculated using one-way analysis of variance
(ANOVA) with Bonferroni's post-hoc test (for equal
variance) or Dunnett's T3 post-hoc test (for unequal
variance). Repeated measures ANOVA was used to
calculate the interaction effect. “(p<0.01) and ~(p<0.001),
statistically significant differences between NS and
other sessions calculated by repeated measures ANOVA
with Bonferroni's post-hoc test.
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Variances of heart rate variability indices in sub-trials.
Abbreviations: NS, non-smoking; CS, cigarette smok-
ing; 1Q, IQOS with HEETS; LS, lil SOLID with Fiit;
REC (recovery)l, 0-5 min after smoking; REC2, 5-10
min after smoking; REC3, 10-15 min after smoking;
REC4, 15-20 min after smoking; REC5, 20-25 min
after smoking; REC6, 25-30 min after smoking; Ln,
log-transformed data; rMSSD, root mean square of
successive RR interval differences; SD2/SD1 ratio, ra-
tio between SD2 (in Poincaré plot, the standard devia-
tion along the line-of-identity) and SD1 (in Poincaré
plot, the standard deviation perpendicular to the line-
of-identity). p values were calculated using one-way
analysis of variance (ANOVA) with Bonferroni's post-
hoc test (for equal variance) or Dunnett's T3 post-hoc
test (for unequal variance). Repeated measures ANOVA
was used to calculate the interaction effect. (p<0 01)
and "~ (p<0.001), statistically significant differences be-
tween NS and other sessions calculated by repeated
measures ANOVA with Bonferroni's post-hoc test.
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