Kypnan «IlepcnekTHBU Ta iHHOBaLlil HAYKU»
(Cepis «Ilemarorika», Cepis «Ilcuxosorisi», Cepis «Menuipaa»)
Ne 4(50) 2025

UDC 612.82:616-092-053.6:613.84
hitps://doi.org/10.52058/2786-4952-2025-4(50)-2011-2019

Vysochyna Iryna Leonidivna D.Med.Sc., Professor, Head of the Department
of Family Medicine at the Faculty of Postgraduate Education and Propaedeutics of
Internal Medicine, Dnipro State Medical University, Dnipro, tel.: (050) 453-43-04,
https://orcid.org/0000-0003-3532-5035.

Yashkina Tetiana Olegivna Ph.D. (Medicine), Assistant Professor of the
Department of Family Medicine at the Faculty of Postgraduate Education and

Propaedeutics of Internal Medicine, Dnipro State Medical University, Dnipro,
tel.: (066) 817-18-79, https://orcid.org/0000-0002-1747-4849.

ASSESSMENT OF AUTONOMIC NERVOUS SYSTEM BALANCE IN
HEALTHY YOUNG ADULTS USING HEATED TOBACCO
PRODUCTS

Abstract. This article investigates the impact of heated tobacco product
(HTP) use on the autonomic balance in healthy young individuals. The authors
highlight the growing prevalence of HTP consumption among youth and question
the claims regarding their reduced harm compared to conventional cigarettes. The
aim of the study was to assess the state of the autonomic nervous system (ANS) in
HTP users using the following tools: the Wayne questionnaire, the Kerdo autonomic
index (KAI), the Hildebrandt index (Q), and the clinostatic-orthostatic test. The
study involved 92 participants (66 HTP users and 26 individuals who had never
smoked). The results revealed statistically significant differences in the objective
detection of autonomic dysfunction between HTP users and the control group.
Notably, 57.6% of HTP users exhibited signs of autonomic impairment according to
clinical assessment, compared to only 15.4% in the control group (p<0.0001).
Additionally, female HTP users reported a higher level of subjective symptoms than
their male counterparts (p<0.0001). The Kerdo index showed a predominance of
parasympathetic regulation among HTP users (-6.7 £ 18.56), in contrast to the
control group, where the sympathetic type prevailed (1.5 = 8.82), p = 0.033.
Excessive parasympathetic activation was identified in 45.4% of HTP users,
compared to 15.4% in the control group. Conversely, sympathetic predominance
(sympathicotonia) was more common among non-smokers (57.7% versus 36.4%,
respectively; p = 0.025). The Hildebrandt index (Q) indicated discoordination in
autonomic regulation of the cardiorespiratory systems in 24% of HTP users
(especially among women), compared to 12% in the control group. Disruption of
autonomic balance was found to be three times more frequent in female HTP users
and six times more frequent in males than in their respective control subgroups. The
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clinostatic-orthostatic test revealed a higher average pulse rate in HTP users at the
first test stage (86 vs. 79 beats per minute, p = 0.033), which may reflect specific
features of ANS reactivity in this population. Overall, 70% of HTP users
demonstrated parasympathetic hypertonia, and 85% showed decreased sympathetic
tone. These findings suggest significant alterations in autonomic regulation among
young HTP users, underlining the need for further research to evaluate the long-term
effects of alternative smoking methods on the body's adaptive capacities.
Keywords: smoking, autonomic nervous system, HTP, autonomic
dysfunction, Kerdo index, Hildebrandt index, autonomic regulation, young smokers,
parasympathicotonia, sympathicotonia, heated tobacco products.

Bucouuna Ipuna JleowigiBHa mnpodecopka, AOKTOP MEIUYHUX HayK,
3aBigyBau kadeapu cimerHoi memunman PIIO Ta mpomeneBTHKU BHYTPINIHBOT
MEIUIMHYU, JIHIMPOBCHKHUI Jep)KaBHUN MEJAWYHUNA yHIBepcUTeT, M. JIHINpO,
ten.: (050) 453-43-04, https://orcid.org/0000-0003-3532-5035.

SAmxkina Tersna OuaeriBHa pokTop dimocodii B o061acTi METUIIUHH,
acucteHT Kadenpu cimeitHoi meauiuau PIIO Ta npomneneBTHKH BHYTPIIIHBOT
MEIUIMHU, JIHIMPOBCHKUI JepKaBHUM MEAUYHHUIA yHIBepcuTeT, M. JIHImpo,
ten.: (066) 817-18-79, https://orcid.org/0000-0002-1747-4849.

CTAH BET'ETATUBHOI'O BAJIAHCY Y 310POBUX MOJIOJAUX
OCIb - KYPUIB TBEH

AHoTAalis. Y cTaTTi AOCTIHPKEHO BIUIUB BXKUBAHHS TIOTFOHOBUX BUPOOIB IS
enexktpuunoro HarpiBanus (TBEH) na ctan BeretatuBHOro 0OanaHcCy y 310pOBHX
MOJIOAMX 0C10. ABTOPH aKIEHTYIOTh yBary Ha nomupeHocTi Bukopuctanis TBEH
cepen MOJIOAI Ta CYMHIBHOCTI TBEP/KEHb MO0 iXHBOI MEHIIOI1 IIKiIJIUBOCTI
MOPIBHSHO 3 TPAAUIIIHHUMU cUrapeTamMu. MeToro JOCHiJKEHHS OyJIO BUBYCHHS
CTaHy aBTOHOMHOI HepBOBOi cuctemu y KopuctyBauiB TBEH 3 Bukopucranasm
TaKuX 1HCTPYMEHTIB: OonuTyBaJibHUK Beitna, BeretatuBHuil inaexkc Kepmo (BIK),
iHgaeke XinpaeOpanta (Q), KIMHOOpTOCTATHYHA MpoOa. Y JOCHIHKEHHI B3SIIU
y4dactb 92 ocobu (66 — kypii TBEH, 26 — oco6w, siki Hikou He Kypuiin). OTpuMaHi
pe3yJbTaTh CBIUaTh MPO CTATUCTUYHO 3HAUYIIl BIAMIHHOCTI B 00’€KTHBHOMY
BUSIBIIEHH1 BeretaTuBHOI aucyHkuii cepen kypuiB TBEH y mnopiBHAHHI 3
KOHTPOJBHOIO Tpymnoro. 3o0kpeMa, 57,6 % KypliB Maidd O3HAKH BETreTaTUBHUX
MOPYIIEHb 3a OIIHKOIO JiiKaps, mpotu juie 15,4 % y rpyni koutposto (p<0,0001).
[Ipu 1mbOMYy >KIHKH-KYpPIII Majdd BHUIIHA pPiBEHb CY0’ €KTUBHOI CHUMIITOMATHKU
nopiBHsAHO 3 yonoBikamu (p<0,0001). BereratuBuuii ingexkc Kepmo nmpomeMoHCcTpy-
BaB NepeBakaHHA napacummnaruynoro tumy peryisuii BHC cepen kypuis TBEH (-
6,7 £ 18,56), Ha BiAMIHY BiJ rpyny KOHTPOIIO, A€ JOMIHYBAB CUMIATUYHUI THI
(1,5£8,82), p=10,033. Haamipua axtusariis [IHC 6yna nputamanna 45,4 % KypiiB
npotu 15,4 % y KOHTPOJIBHIM TpyImi, a CUMIIATUKOTOHISI YacTillle 3ycTpivaiacs
cepen oci0, ski He kypuiu (57,7 % npotu 36,4 % BignosigHo, p = 0,025). Inaexc
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XinmpneOpanta (Q) CBIIUMB PO AUCKOOPAMHAIIIO BET€TAaTUBHOIO 3a0e3IeUYeHHS
Kapzaiopecmipatopaux cucteM y 24 % xypuiB TBEH (oco6mmBo cepen KiHOK),
npotu 12 % B koHTponpHid rpymi. IlopymieHHs OanaHCy BereTaTUBHOTO
3a0e3MeyeHHs y KIHOK-KypIiB OyJi0 BTpUYl YACTIIIMM, a Y YOJOBIKIB — Yy IIICTh
pa3iB yacTimmM, HIXK cepe]l BIAMOBIAHUX MIATPYIT KOHTpoJt0. KinnHoopTocTarnana
npo0a Mmokasaja BHIILy CepPeIHIO YacTOTY MyJIbCYy y KypIliB Ha MEPIIOMY €Talli TECTY
(86 mpotu 79 ya./xB., p = 0,033), 110 TAaKOK MOXE€ CBIAYUTH MPO OCOOJIMBOCTI
peaktuBHOCTI BHC y miei kaTeropii oci6. 3aramom, 70 % KypIiiB Majau TiIIEPTOHYC
I[MHC, a 85 % — 3umxenus tonycy CHC. PesynbraTtu cBiguath mpo CyTTEBI
0COONMMBOCTI BereratuBHOi peryisuii y mononux KypuiB TBEH, mo mnorpebye
NOAQNBIINX JOCHPKEHb JJIsI  OLIHKA JOBFOTPUBAJIMX HACHIJKIB  BIUIUBY
abTEPHATUBHUX (POpM KypiHHS Ha (DYHKIIIOHAJIbHI PE3EPBU OPTaHi3MYy.

Kurw4oBi ciioBa: kypiHHs, BereTaTuBHa HepBoBa cuctema, TBEH, Berera-
TUBHA AucpyHkuid, iHaekc Kepno, iHaekc XiabaeOpaHTa, aBTOHOMHA PEryJsiis,
MOJIOZI KypITi, TApaCUMITATUKOTOHISI, CAMITATUKOTOHISI, €JIEKTPOHHI TIOTIOHOBI BUPOOU.

Introduction. The tobacco industry markets heated tobacco products (HTPs)
as a less harmful alternative to conventional cigarettes, often citing a 90-95%
reduction in toxicity. However, this claim remains scientifically unsubstantiated.
Recent studies have shown no significant differences in most biomarkers of potential
health harm between HTP users and conventional cigarette smokers. The European
Respiratory Society has stated that HTPs are harmful, potentially addictive, and
should not be recommended as an alternative to traditional tobacco products.
Moreover, data on the health effects of HTPs remain limited [1].

The World Health Organization (WHO) maintains that all forms of tobacco
use, including HTPs, are detrimental to health. Tobacco is inherently toxic and
contains carcinogenic substances, even in its unprocessed form. Consequently,
under the WHO Framework Convention on Tobacco Control and national
legislation, HTPs should be subject to the same regulatory measures as all other
tobacco products [2].

A study by Kim DK et al. reported increased parasympathetic nervous system
tone among users who switched from conventional cigarettes to HTPs [3]. When
comparing the effects of HTPs and conventional cigarettes on the autonomic nervous
system (ANS), it was observed that regular HTP users did not exhibit elevated
sympathetic activity, likely due to the nicotine content in HTPs [3,4]. Furthermore,
novice cigarette smokers demonstrated a greater impact on ANS tone than novice
HTP users, presumably due to the combustion of non-nicotine components in
conventional cigarettes [5].

In addition, tobacco smoke, nicotine, acrolein, and reactive oxygen species
activate afferent vagal nerve fibers rich in capsaicin-sensitive receptors, which are
associated with autonomic responses in HTP users [6,7]. Other components of
tobacco smoke—such as heavy metals, polycyclic aromatic hydrocarbons, volatile
organic compounds (e.g., acrolein), gases (e.g., carbon monoxide), and particulate
matter—may independently influence autonomic balance [8,9].
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Materials and Methods. The state of autonomic regulation in healthy young
individuals from the main group (n = 66, HTP users) and the control group (n = 26;
individuals who had never smoked) was assessed using the following tools:

« the Wayne questionnaire, which made it possible to evaluate both
subjective and objective autonomic symptoms by scoring, allowing for the
detection of autonomic disorders even in individuals without active complaints;

« the Kerdo autonomic index (KAI);

o the Hildebrandt index (Q), which enabled the assessment of
coordination between the cardiovascular and respiratory systems and the
analysis of intersystem cardiorespiratory correlations;

« the clinostatic-orthostatic test.

Statistical data analysis was performed using R Commander (https://www.r-
project.org/) and MedCalc Statistical Software trial version 23.2.1 (https://www.
medcalc.org/download/). Considering the normal distribution of quantitative data in
the groups (as determined by the Shapiro—Wilk test), parametric characteristics and
analytical methods were applied. Results were considered statistically significant at
p < 0.05 for all tests.

Results and Discussion. According to our data, the proportion of respondents
reporting subjective complaints—such as a tendency for facial flushing or pallor
during emotional stress; discolouration of fingers or toes; sensations of palpitations,
skipped or stopped heartbeats; subjective feelings of numbness or coldness in
extremities; excessive sweating; gastrointestinal disturbances; shortness of breath;
disorientation (including episodes of fainting or near-fainting); headaches (diffuse,
unilateral, or global, with pressing or pulsating characteristics); reduced work
capacity and fatigue; and sleep disturbances (difficulty falling asleep, shallow or
non-restorative sleep, frequent awakenings, morning fatigue)—did not differ
significantly between the main group and the control group. This suggests that the
baseline autonomic status, as measured by the Wayne questionnaire, was
comparable across groups.

The presence of autonomic dysfunction based on self-assessment using the
Wayne questionnaire (score >15 points) was demonstrated by 72.7% of HTP users
and 69.2% of never-smokers (p = 0.813), with mean scores of 18.4 (9.33) and 22.6
(14.22), respectively (p = 0.163). In contrast, the objective clinical assessment
showed a score exceeding 25 points—indicating autonomic dysfunction—in 57.6%
of HTP users compared to just 15.4% of the control group (p <0.0001). Regardless
of sex, the average score assessed by clinicians was significantly higher in the HTP
group at 23.0 (11.65), compared to 12.5 (8.19) in the control group (p = 0.0001).

It should be noted that the prevalence of autonomic dysfunction based on
subjective self-assessment did not differ significantly between men and women in
either group: 65% of men in the main group versus 80% in the control group (p =
0.363), and 84% of women versus 62.5%, respectively (p =0.102). However, among
female HTP users, scores above 15 were more common than among their male
counterparts (p = 0.08). The mean self-assessed score was significantly higher in
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healthy young female HTP users compared to males (31.2 (14.93) vs 17.1 (10.70),
p <0.0001).

Clinically assessed scores exceeding 25 on the Wayne questionnaire were
observed in 55% of men and 61.5% of women in the main group, whereas in the
control group these values were seen in only 20% of men and 12.5% of women. The
mean scores for men in the HTP group were 22.9 (9.75) compared to 13.4 (7.87) in
the control group (p = 0.006), and for women—23.1 (14.29) versus 11.8 (8.85),
respectively (p = 0.008).

Therefore, based on objective assessment by clinicians using the Wayne
questionnaire, both male and female HTP users exhibited autonomic dysfunction. In
particular, healthy young female HTP users had more pronounced and severe
autonomic disturbances (1.8 times higher) than women in the control group
according to their self-assessments.

According to our findings, pronounced autonomic disorders were identified
in 27.3% of participants from the HTP group (including 4 men and 14 women) and
in 7.7% (2 women) from the control group (p = 0.011).

At the second stage of the autonomic regulation assessment, we evaluated the
results of the Kerdo autonomic index (KAI) in both groups. The distribution of KAI
scores among healthy young individuals, depending on their smoking status, is
visually presented in Figure 1.
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Fig. 1. Distribution structure of the Kerdo Autonomic Index (KAI) in healthy young
individuals depending on HTP smoking status

According to the obtained results, a predominance of the parasympathetic type

of autonomic nervous system (ANS) regulation was demonstrated in the HTP user
group based on the mean KAI level, regardless of sex. Specifically, the average KAI
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values in the main group were below zero (—6.7 = 18.56), compared to 1.5 + 8.82 in
the control group (p =0.033).

Discrete analysis of KAI results in the main group, shown in Figure 1,
revealed that a purely parasympathetic type of ANS regulation was present in 63.6%
of cases, with excessive parasympathetic activation observed in nearly half (45.4%).
In contrast, the sympathetic type of regulation was found in 36.4% of individuals,
with excessive sympathetic activation recorded in 15.2%.

In the control group, one in three individuals (34.6%) exhibited parasympathetic-
type regulation, of whom 15.4% had excessive parasympathetic activation. Eutonia
(balanced ANS tone) was identified in 7.7% of cases, while sympathetic-type regulation
was noted in 57.7%, including 11.5% with excessive sympathetic activation.

Thus, based on KAI data, young individuals differed significantly in the
proportion of sympathicotonia depending on their HTP smoking status.
Sympathicotonia was significantly more prevalent among never-smokers (nearly
every second individual in the control group compared to every fifth in the HTP
group; p = 0.025), whereas excessive parasympathetic activation occurred
significantly more frequently among HTP users (every second individual in the HTP
group versus every seventh in the control group; p = 0.002).

The average value of the Hildebrandt index (Q) in the main group was 4.4 +
0.72, compared to 4.3 = 0.60 in the control group (p = 0.6812), with no index Q
values below 2.8 observed in this study. According to our findings, there was a
statistically significant difference in the average Hildebrandt index scores depending
on sex in both the main and control groups (Figure 2).
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Fig. 2. Distribution structure of Hildebrandt index values (normal or above
normal) in healthy young individuals from the main and control groups
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Ranking the Hildebrandt index results (normal and above normal) among
participants allowed for the identification of individuals with discoordination of
autonomic regulation of the respiratory and cardiovascular systems based on Q >4.9
(Figure 2). This condition was observed in 24% of cases in the main group versus
12% in the control group (p = 0.15), with a predominance of females in both the
main (15.2% of the subgroup) and control (11.5% of the subgroup) groups.

It is worth noting that the proportion of individuals in the main group who
exhibited autonomic imbalance in cardiorespiratory regulation was significantly
lower—by a factor of three among women and six among male HTP users—
compared to those with normal Hildebrandt index levels (p = 0.03).

According to the results of the clinostatic-orthostatic test, comparison of pulse
rate across all five test stages (standing, lying after 1 minute, lying after 5 minutes,
standing after 1 minute, standing after 3 minutes) showed a significant difference
only in the initial standing position. The average pulse rate in HTP users was
significantly higher (p = 0.033)—86 (14.9) beats per minute compared to 79 (9.1)
beats per minute in the control group.

Our findings indicate that 70% of participants in the HTP group exhibited
parasympathetic hypertonia, and 85% demonstrated reduced sympathetic tone.
When evaluating the reactivity of the sympathetic and parasympathetic branches of
the ANS among HTP users, no statistically significant differences were found in the
distribution of reactivity levels (low, medium, or high), suggesting that HTP use did
not affect the distribution structure of ANS reactivity levels among the studied
youth.

Thus, the state of autonomic balance in healthy young HTP users differs in
certain aspects from their peers who have never smoked, which highlights the need
for further research into the effects of alternative smoking products on the body’s
adaptive capacities and potential long-term consequences.

Conclusions. The proportion of autonomic dysfunction based on the Wayne
questionnaire did not significantly differ between sexes in terms of subjective
assessment (65% of men in the HTP group vs. 80% in the control group, p = 0.363;
and 84% of women vs. 62.5%, p = 0.102). However, the severity of autonomic
dysfunction, as measured both by self-assessment and clinician evaluation, was
significantly higher in female HTP users compared to their male counterparts. In the
HTP group, regardless of sex, parasympathetic dominance in ANS regulation was
confirmed (mean KAI: —6.7 (18.56) vs. 1.5 (8.82) in the control group, p = 0.033),
with men showing a significantly lower average KAI (-13.4 (17.25)) compared to
female HTP users (+3.5 (15.88); p = 0.0002). Autonomic regulation disturbances in
the direction of sympathicotonia, based on the Hildebrandt index (Q > 4.9), were
identified in 24% of HTP users and 12% of the control group, with a predominance
of females in both the main group (15.2%) and the control group (11.5%). According
to the results of the clinostatic-orthostatic test, most healthy young HTP users (70%)
exhibited parasympathetic hypertonia and 85% had reduced sympathetic tone.
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