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HEALTH IMPLICATIONS FORECAST FOR ELECTRONIC
CIGARETTE USERS

Abstract. Electronic cigarettes have rapidly gained popularity in the tobacco market, primarily among
young adults. Marketers exploit the lack of evidence regarding their health effects and label them as a
safe alternative to traditional cigarettes. Our study aims to expand the existing body of evidence on their
impact on the human body. Objective: To identify the most significant characteristics of individuals using
electronic cigarettes based on statistical analysis of clinical and laboratory examination data. Materials
and Methods. The study included 102 participants (main group - 66 individuals using electronic
cigarettes as an alternative form of smoking; control group - 36 individuals who did not use electronic or
industrial cigarettes) aged 20 to 35 years. Each participant provided written informed consent to
participate. Patient examinations included the following parameters: height, weight, body mass index
(BMI) calculation; measurement of blood pressure, heart rate, pulse, and respiratory rate; throat swab
collection. Results. According to our data, individuals in the main group had higher height, weight, and
BMI values. A higher BMI may be associated with excessive stimulation of salivary glands and,
consequently, increased gastric secretion and appetite stimulation. Electronic cigarette users had
significantly higher blood pressure levels compared to the control group. Users of nicotine delivery
systems in throat swabs had significantly higher levels of mucus, coccal flora, and neutrophil percentage,
indicating the presence of bacterial agents in the oral cavity mucosa. This may be related to bacterial
agents’ dissemination through nicotine delivery devices. We conducted multiple logistic regression
analysis with potential patient characteristics. Conclusions. Electronic cigarette users are characterized
by higher height, weight, BMI, blood pressure levels compared to non-smoking peers, as well as reduced
adaptation potential and a prevalence of parasympathetic nervous system requlation. It was found that
a typical electronic cigarette user is a male (OR = 15.9364) with reduced IFZ - adaptive potential of
functional abilities (OR = 7.8128) and an abnormal amount of oral cavity flora (OR = 1.7748).

Keywords: smoking; nicotine delivery systems; nicotine; respiratory tract infections; immunology; adults.

INTRODUCTION

In the contemporary world, electronic cigarettes have emerged as one of the most pertinent and
debated topics in the realms of public health and medical research. Thanks to their technological
innovations and attractive marketing, they have swiftly gained popularity among various
demographic groups. However, the absence of proper regulatory systems and a scientific consensus
regarding their impact on health poses a significant threat to public well-being [1].
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Despite electronic cigarettes often being perceived as less harmful alternatives to traditional
smoking, they still have the potential to pose health risks to users [2]. One of the key aspects is the
influence of tobacco heating systems on the state of the oral cavity. The oral cavity serves as the
initial point of contact between tobacco products and the body's tissues. It is known that when
tobacco is heated in such systems, various chemical substances are emitted, which can affect the
structure and functions of the oral cavity [3, 4].

It is noted that even at the manufacturer’'s claimed optimal temperature for heating tobacco
products, partial combustion is unavoidable, accompanied by the release of harmful and carcinogenic
substances [5, 6]. Furthermore, inadequate cleaning of devices after use may lead to even higher
levels of harmful substances entering the body [7].

Additionally, tobacco heating systems can also impact the upper respiratory tract, such as the
aerosol formed during heating, which enters the respiratory system. This can trigger various
reactions and consequences for the upper respiratory tract, including inflammation and other
pathological scenarios [8, 9].

Objective: Based on the statistical analysis of clinical and laboratory examination data, the aim of
this study is to identify the most significant characteristics of individuals who use electronic cigarettes.

MATERIALS AND METHODS

In accordance with the objective of this study, a total of 102 individuals were examined, consisting
of the main group (66 individuals who used electronic cigarettes, specifically tobacco heating
products (THPs)), and the control group (36 individuals who did not use electronic or industrial
cigarettes), aged between 20 and 35 years.

Inclusion criteria for the main observation group:

* Somatic health status.

* Individuals aged 18-35 years.

* Regular use of electronic cigarettes (THPs).

* Absence of acute or chronic diseases, including exacerbations of chronic upper respiratory tract
infections.

Exclusion criteria from the main observation group:

* Exacerbations or presence of chronic diseases.

* Smoking of industrial (“traditional”) cigarettes.

* Age below 18 or above 35 years.

The current study was conducted in accordance with the principles of bioethics outlined in the
Helsinki Declaration “Ethical Principles for Medical Research Involving Human Subjects” and the
“Universal Declaration on Bioethics and Human Rights (UNESCO).”

Demographic comparisons of individuals in the main group (n = 66; males - 60.6%, females - 39.4
%) and the control group (n = 36; males - 27.8 %, females - 72.2 %) are presented in Table 1.

Table 1. Characteristics of the main group and control group by age and gender
Indicator Main group (n =66) | Control group (n = 36) P-Value
Age, entire group M (SD) 24.4 (3.5) 24.2 (3.1) 0.7994
Age, males M (SD) 24.8 (3.9) 26.3 (4.5) 0.17716
Age, females M (SD) 23.8(2.8) 23.6 (2.4) 0.382251
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MATERIALS AND METHODS

Informed written consent was obtained from all participants for their involvement in this study.

The general clinical examination of patients included the following parameters: determination of
height and weight, calculation of the Body Mass Index (BMI), measurement of arterial blood
pressure on both arms, measurement of heart rate, pulse rate, and respiratory rate.

The Kerdo index was calculated using the formula:
K= (SBP-DBP) /P,

where:

K - Kerdo index,

SBP - systolic blood pressure,
DBP - diastolic blood pressure,
P - heart rate.

The Hildebrandt index (Q) was calculated using the formula:
Q = HR/ RR, in arbitrary units,

where:
HR - heart rate in beats per minute,
RR - respiratory rate in breaths per minute.

The Functional Change Index (FCI) was determined in arbitrary units using the formula:
FCI=0.011 * HR + 0.014 * SBP + 0.008 * DBP + 0.014 * W + 0.009 * WT - 0.009 * H - 0.27,

where:

HR - heart rate,

SBP - systolic blood pressure,
DBP - diastolic blood pressure,

H - height,
WT - body weight,
W - age.

To achieve the study objectives, the following methods were utilized: examination of throat
mucous membrane imprints was carried out in the diagnostic laboratory of the therapeutic and
diagnostic center of “Pharmacies of the Medical Academy” LLC.

In accordance with the methodology [10], throat swab sampling was performed on an empty
stomach or not earlier than 2 hours after eating, drinking, or gargling. The collected material was
applied to a glass slide, dried at room temperature, and then transported to the laboratory in a
container.

Statistical analysis of the obtained results was conducted using licensed software Microsoft Excel
and Statistica v.6.1. Since more than 90% of the data had a normal distribution, preference was given
to parametric statistical methods. The obtained results were considered statistically significant at a
significance level (p) of less than 0.05.
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Table 2. Comparison of clinical fasting data of the main and control groups
Indicator Main group (n = 66) Control group (n = 36) PValue
Mean (M) SD Mean (M) SD

Height (cm) 173.9167 9.1319 167.6875 7.556 0.0014*
Weight (kg) 75.3133 14.1179 62.5563 13.0873 0.0001*
BMI (Body Mass Index) 24.939 3.6822 21.9887 3.3256 0.0003*
Respiratory Rate (RR) 17.2069 1.8234 16.9375 2.1089 0.5276
Heart Rate (HR) 75.0667 11.1779 74.25 10.3019 0.7326
Pulse Rate 75.0667 11.1779 74.25 10.3019 0.7326
Left Systolic Blood Pressure (LSBP) 120.6667 11.7295 113.125 4.9757 0.0008*
Right Systolic Blood Pressure (RSBP) 121.4828 11.7596 112.875 6.0947 0.0002*
Left Diastolic Blood Pressure (LDBP) 78.3667 8.9309 70.875 4.7093 <0.0001*
Right Diastolic Blood Pressure (RDBP) | 77.4483 9.2966 70.25 5.6511 0.0001*
Q (Hildebrandt Index) 4.4117 0.7662 4.4369 0.7257 0.8791
Kerdo Index -6.4952 18.2447 3.1437 12.5586 0.0091*
IFZ (Functional Changes Index) 2.2908 0.3979 2.0051 0.4387 0.002*

*statistically significant at p < 0.05 level

According to our data (Table 2), individuals in the main group had significantly higher values for
height, weight, and body mass index (BMI). In our opinion, a higher BMI may be associated with
excessive stimulation of salivary glands and, as a result, increased gastric secretion and appetite

stimulation.

Electronic cigarette users had significantly higher levels of both systolic and diastolic blood

pressure compared to the control group.
The average value of the Functional Change Index (FCI), which reflects the adaptational potential
of the cardiovascular system, was within the range of satisfactory adaptation but was statistically
lower in electronic cigarette users, unlike those who did not smoke.
When assessing the results of the Kerdo index calculation, it was found that in the group of
nicotine delivery system users, a parasympathetic type of regulation of the nervous system
prevailed, whereas in the control group, a sympathetic type of regulation was predominant.

Table 3.

from the mucosa of the posterior wall of the throat

Comparison of microscopic examination data of the impression

Main group (n = 66)

Control group (n = 36)

Indicator p-value
Mean (M) SD Mean (M) SD

Eosinophils % 0.09375 0.5261 0.4286 1.1362 0.0557

Epithelial cells 7.8125 3.6899 7.500 4.2120 0.7213

Leukocytes 3.1562 3.7973 3.2143 7.7381 0.9615

Neutrophil % 3.0312 17.0107 13.8571 34.5679 0.0467*

Microbiota 1.5938 0.8304 1.0000 0.5443 0.0008*
Mucus 0.6875 0.5308 0.3571 0.4880 0.006*

*statistically significant at p < 0.05 level
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The analysis of the results in Table 3 indicated that users of nicotine delivery systems had significantly
higher levels of mucus, flora (coccal), and neutrophil percentage in the throat mucous membrane
imprints, which may suggest the presence of bacterial agents in the oral cavity. In our opinion, this
could be associated with continuous inoculation of bacterial agents through nicotine delivery
devices. The user descriptions of electronic cigarettes mentioned information about the regular
cleaning of the heating element, but there were no indications regarding hygiene (antibacterial)
treatment. Since tobacco heating systems have lower heating temperatures and are reusable, this
may promote the growth and proliferation of persistent pathogenic microflora [11].

To assess the potential impact of nicotine delivery systems on the smoker’s body, a multiple
logistic regression analysis was conducted with parameters that could potentially be used as
characteristics of these patients. We used stepwise inclusion of independent variables in the
multiple logistic regression analysis.

Table 4. Prediction of the impact of selected variables on electronic cigarette users
R i Standard f
. . egre.s.smn an .ar error? Wald Chi-Square | p-value
Predictor variables coefficient regression coefficient (x2) Values 2
(B) Values (B) values X X
IFZ (Functional Adaptation Index) | 2.05576 0.89878 5.2317 0.0222
Flora (Microbiota) 0.57371 0.03009 1.7794 0.0018
Male Gender 2.76861 0.94112 8.6544 0.0033
Constant -5.13045 2.04303 6.3061 0.0120

Taking into account the obtained data (Table 4), the equation for predicting the long-term impact
of general clinical and laboratory research factors is as follows:

Y = exp (-5,13045 + 2,05576 x x, + 0,57371 x x,+ 2,76861 x x,) / [1 + exp (-5,13045 + 2,05576 x X, +
0,57371 x x,+2,76861 x X,)]

Table 5. Odds ratios for multiple logistic regression
Factors Odds Ratios 95 % Confidence Intervals
IFZ (Functional Index) 7.8128 1.3420 to 45.4844
Flora (Microbiota) 1.7748 0.7639 to 4.1234
Male Gender 15.9364 2.5194 to 100.8055

Analysis of the data in Table 5 revealed that a typical user of electronic cigarettes is a male
individual (OR = 15.9364) with a reduced Functional State Index (FSI) - an indicator of adaptive
potential (OR = 7.8128) and an abnormal amount of oral cavity flora (OR = 1.7748).

The receiver operating characteristic (ROC) curve analysis and the area under the curve (AUC)
were used to assess the predictive accuracy of the logistic regression equation. It was determined
that the predictive model in the form of a logistic regression equation has good operational
characteristics: sensitivity of 66.67 %, specificity of 81.69 %, and an area under the ROC curve of
0.846 (95 % CI 0.751 - 0.915; p < 0.0001).
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CONCLUSIONS

1. Users of electronic nicotine delivery devices are characterized by higher height, weight, body
mass index (BMI), and blood pressure levels compared to non-smoking peers.

2. Young individuals who use electronic cigarettes have reduced adaptive potential and are
characterized by a predominance of parasympathetic nervous system regulation compared to non-
smokers.

3. Based on the conducted multiple logistic regression analysis, it has been proven that a
typical electronic cigarette user is a male individual (OR = 15.9364) with reduced Functional State
Index (FSI) - an indicator of adaptive potential (OR = 7.8128) and an abnormal amount of oral cavity
flora (OR = 1.7748).
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IIpozHo3 nopyuleHb CmaHy 300p0e6’s 0Cib, W0 8UKOPUCMOBYHMb e1leKMPOHHI cuzapemu
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AHinposcskuli depxcasHuli meduyHull yHisepcumem https://dmu.edu.ua/ua, Kagedpa cimeliHoi meduyuHu P10
ma nponedesmuku 8HympiwHeoi MmeduyuHu https://612.dmu.edu.ua, AHinpo, YkpaiHa

NMPOrHO3 NMOPYLWEHDb CTAHY 340POB'A OCIB, LLO BUKOPUCTOBYHOTb ENEKTPOHHI CUTAPETU

AHOomayia. EnekmpoHHi cuzapemu weuoKo 3080r0804U PUHOK MIOMIOHOBUX 8UP06I8, AKI 8XUBAE
30e6inbwo2o Moa00e. Mapkemoaozau maHinyawoms 6pakom 00Kasie ujodo ensausy Ha 300pos’s ma
Ha3ugarOMb ix 6e3ne4yHOr a/NbMePHAMUEOo 38udaliHUM cu2apemam. Hawa poboma NOKAUKAHQ
po3wupumu HasseHy dokazosy 6a3sy wjodo ix enausy Ha op2aHi3m. Mema. Ha niocmaei cmamucmuyHo20
aHOANIi3y OaHUX KAIHIYHO20 mMa 71a60pamMoOpHO20 06CMexeHHA eu3Hayumu Halbinbw 8az2omi
Xapakmepucmuku 0Cib, W0 8UKOpUCMO8YyHOMb eneKmpPOHHi cuzapemu. Mamepiaau i memoodu. B
docnidxweHHA ysiliwno 102 ocobu (0CHOBHA 2pyna - 66 0Ci6, AKi y AKOCMIi aAbMeEPHAMUBHO20 8UJY
MIOMIOHONAAIHHA - 8UKOPUCMO8BYB8A/U e/feKMPOHHI cuzapemu,; 2pyna KOHmpoaw - 36 oci6, aki He
guUKOpUCMoOBy8aaU efekKmpoHHi a6o npomucaoesi cuzapemu) eikom gid 20 do 35 pokie. KoxceH y4acHUK
00cnidxweHHA Hadae nucbMosy iHPOpMOBaHY 3200y HaA yyacmes. ObcmexceHHA NAYiEHMI8 8KAHHA/0
HacmynHi napaMempu: eU3HA4YeHHA 3pocmy, eazu, obqucaeHHA IMT; eumipro8aHHA apmepiansHo20

MUCKy, Yacmomu cepyesux CKOPOYEHb, Ny/AbCY, 4ACMOMU OUXQHHSA, 83Mms MA3Ka-8i06UmKy 3 300Hb0I

CMiHKU 210mKu. Pesyasmamu. 32i0H0 3 HQWUMU 0OHUMU, Npedcma8HUKU OCHOBHOI 2pynu Maau euuyi
NOKA3HUKU 3pocmy, eazu ma iHOoekcy macu mina. binbw eucokul IMT moxe 6ymu nos’asaHull 3
HOOMIpHOK CMUMYAAYIED CAUHHUX 30703 MaA, SK pe3ynbmam, NideuWeHHAM WAyYHKO8oi cekpeyii i
cmumynayii anemumy. Kypyi enekmpoHHUX cuzapem Maau 00CMOBIPHO 8uWi pieHi apmepianbHO20
MUCKY NOPIBHAHO 3 2pYNOK0 KOHMPOIH0. Y Kopucmysayie cucmem 0Cmasku HIKOMUHY y Ma3Ky-8i06umky
3igy suAsuUAUCA OOCMOBIPHO BUWUMU KinbKicms cau3y, gaopu (kokoea) ma eidcomok Helimpodginie, ujo
MOJKe 8Ka3yeamu HA HASABHICMb bakmepianbHUX azeHmie Ha C/U308ili pOmMo8oi NOPOXCHUHU. Lle moxce
6ymu noe’a3aHo 3 iHceMiHayieo bakmepianbHUMU a2eHMamu Yepes 3acobu docmasku HikomuHy. Hamu
npoeedeHo MHOXCUHHUU no2icmudHuUll pezpeciliHul aHAAI3 3 NOKA3HUKAMU, SIKi NOMeHYIlHO MOXCHA
gukopucmosyeamu AK Xapakmepucmuku yux nayieHmie. BucHoeku. Kopucmysayi enekmpoHHUX
cu2apem xapakmepusyromscs 6ins6W 8UCOKUMU NOKA3HUKaMU 3pocmy, eazu, IMT, pieHie apmepiansHo20
MUCKY Yy NOpi8HAHHI 3 00HOAIMKAMU, AKI HE NA/SAMb, G MAKOX 0eMOHCMPYoMb 3HUXCeHUU adanmayiliHul

nomeHyian ma xapakmepusyromecs npeeaar8aHHAM nApPACUMNAMUYHO20 muny pe2yaayii Hepgosor

cucmemMu npomu 0ci6, AKi He € Kypyamu. BcmaHoeneHo, wjo munosum Kopucmyeay efnekmpoHHUX
cuzapem ye - ocoba Yonoeivoi cmami (BLL = 15,9364) 3i 3HUMCeHHAM [P3 - adanmayiliHUl nomeHyian

QyHKYioHaneHUX Moxcaueocmeli (BLU = 7,8128) ma mae aHOpMa/AbHY KinbKicme ¢aopu pomosoi

NnopoxcHUHU (BLL = 1,7748).
Knr4oei cnoea: KkypiHHs;, cucmemu 00CMABKU HIKOMUHY; HIKOMUH; iH@ekyii pecnipamopHozo
mpakmy; iMmyHo/102is; 00poci.
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