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Streszczenie

Niniejsza rozprawa doktorska po$wigcona jest kompleksowej analizie wptywu nikotyny
dostarczanej w formie papierosow tradycyjnych oraz elektronicznych na wybrane parametry
fizjologiczne, metaboliczne i behawioralne organizmu ludzkiego. Badania zaprojektowano w sposob
interdyscyplinarny, taczac podejscia biologii systemowej, inzynierii biomedycznej oraz sztucznej
inteligencji. W pracy zastosowano zarowno metody eksperymentalne, jak i obliczeniowe (in silico),
co umozliwito poglebiong ocene reakcji organizmu na roézne formy podazy nikotyny oraz ich
potencjalne skutki zdrowotne.

Czes$¢ eksperymentalna obejmowala analize sktadu ciata, kontroli posturalnej, parametrow
chodu oraz reakcji uktadu sercowo-naczyniowego na wysilek fizyczny u mlodych dorostych,
nalezacych do grup uzytkownikow e-papierosow, palaczy tradycyjnych oraz osob niepalacych.
Wykorzystano metody statystyki wielowymiarowej, analiz¢ korelacyjng oraz algorytmy
klasyfikacyjne, identyfikujac istotne réznice migedzygrupowe. Réwnolegle opracowano i zastosowano
szereg modeli komputerowych, w tym modele farmakokinetyczne PBPK (physiologically based
pharmacokinetic), odwzorowujace dystrybucj¢ nikotyny w ustroju, modele Markowa opisujace proces
uzaleznienia oraz dynamiczne modele populacyjne (SIQ+P+E+H+X), stuzace do symulacji efektow
polityk zdrowotnych i interwencji profilaktycznych. Ponadto, wykonano symulacje degradacji grzatek
e-papierosOw, oceniajac ich potencjalny wplyw toksykologiczny. Zastosowano rowniez metody
uczenia maszynowego do identyfikacji czynnikow spotecznych i demograficznych, warunkujacych
zachowania zwigzane z paleniem oraz do klasyfikacji odpowiedzi fizjologicznej, opartej na
multimodalnej analizie sygnalow (EKG, PPG, ci$nienia krwi).

Uzyskane rezultaty wskazuja na znaczace rdéznice w reaktywnosci fizjologicznej,
metabolizmie oraz uwarunkowaniach behawioralnych pomigdzy grupami badanymi, a takze na
mozliwos$¢ ich predykceji w oparciu o ztozone modele danych. Wnioski sformutowane na podstawie
przeprowadzonych badan stanowia potencjalny wklad w rozwdj narzedzi wspierajacych zdrowie
publiczne, optymalizacj¢ dziatan profilaktycznych oraz ksztaltowanie regulacji antynikotynowych.
Rozprawa opiera si¢ na cyklu jedenastu publikacji naukowych, z ktorych pie¢ zostato
opublikowanych lub przyjetych do druku, a sze$¢ znajduje si¢ w trakcie recenzji. Wszystkie prace
laczy jednolity cel badawczy, spojno$¢ metodologiczna oraz znaczacy, samodzielny wkiad
doktorantki.

Stowa kluczowe: nikotyna, papierosy elektroniczne, papierosy tradycyjne, uktad sercowo-naczyniowy, uktad
oddechowy, metabolizm, kontrola posturalna, model PBPK, uczenic maszynowe, analiza sygnatow
biomedycznych



Abstract

This doctoral dissertation presents a comprehensive and interdisciplinary analysis of the
effects of nicotine on human physiology, metabolism, and behavior, comparing traditional cigarettes
and electronic cigarettes as delivery systems. The research integrates experimental investigations with
advanced computational modeling, drawing from systems biology, biomedical engineering, and
artificial intelligence. This dual approach allowed for a detailed assessment of physiological responses
and potential health impacts related to nicotine use in various forms.

The experimental studies focused on young adults and included assessments of body
composition, postural control, gait parameters, and cardiovascular reactivity during physical exertion,
with comparisons between e-cigarette users, traditional smokers, and non-smokers. Multivariate
statistical methods, correlation analysis, and machine learning algorithms were employed to identify
significant intergroup differences. Simultaneously, several computational models were developed,
including physiologically-based pharmacokinetic (PBPK) models describing nicotine distribution in
the body, Markov models simulating addiction processes, and extended population-level models
(SIQ+P+E+H+X) to evaluate the long-term effects of tobacco control policies. Additionally,
simulation of coil degradation in e-cigarette devices was conducted to assess material transformation
and its potential health implications. Machine learning techniques were also applied to identify
demographic, familial, and social determinants of smoking behavior and to classify physiological
responses based on multimodal biosignal analysis (ECG, PPG, blood pressure).

The findings demonstrate distinct physiological and behavioral profiles across user groups
and support the feasibility of predicting health outcomes through integrative data modeling. The
dissertation contributes to public health research by proposing data-driven methods for nicotine risk
assessment and intervention planning. It is based on a series of eleven scientific publications, five of
which have been published or accepted, while six are currently under peer review. All articles are
thematically coherent, methodologically consistent, and reflect a substantial individual contribution by
the doctoral candidate.

Keywords: nicotine, electronic cigarettes, conventional cigarettes, cardiovascular system, respiratory system,
metabolism, postural control, PBPK model, machine learning, biomedical signal analysis



1. Wykaz  publikacji  stanowigcych  rozpraweg
doktorska

Niniejsza rozprawa opiera si¢ na cyklu publikacji naukowych, po§wigconych ocenie wptywu
palenia papieroséw tradycyjnych i elektronicznych na funkcjonowanie uktadu oddechowego
i sercowo-naczyniowego. Prace te taczy wspdlna tematyka oraz spojna metodologia, obejmujaca
analiz¢  toksykologiczng aerozolu, modelowanie farmakokinetyczne (PBPK), rejestracje
i przetwarzanie sygnalow biomedycznych oraz zastosowanie narzedzi sztucznej inteligencji.
Opracowane metody i rezultaty badan wnosza istotny wktad do wiedzy na temat fizjologicznych
i zdrowotnych skutkéw nowoczesnych form podazy nikotyny, a takze wspieraja rozw6j narzedzi
decyzyjnych w =zakresie zdrowia publicznego. Szczegdélowy wykaz publikacji, stanowiacych
podstawe rozprawy:

1. Chwal J., Filipowska A., Antonowicz M., Lisicki D., Kostka P., Doniec R. Elemental
Composition of Vaping and Smoking Aerosols: Influence of Liquid Type and Tank
Conditions. PLOS ONE, w recenzji.

2. Chwal J., Dzik R., Banasik A., Tkacz E. Comparative Pharmacokinetics of Nicotine
from E-Cigarettes and Traditional Cigarettes: A PBPK Modeling and Machine
Learning Approach. 6th International Conference on Artificial Intelligence, Katowice
2024, Wydawnictwo Uniwersytetu Slaskiego, w druku.

3. Chwal J., Dzik R., Banasik A., Pantak P., Tkacz E. Physiologically-Based
Pharmacokinetic Modeling of Nicotine. Scientific Papers of Silesian University of
Technology — Organization and Management Series, w druku.

4. Chwal J., Dzik R., Banasik A., Tkacz E. A Computational Model of E-Cigarette Coil
Degradation: Simulating Thermal and Material Dynamics and Their Impact on
Health. Poster, IEEE Engineering in Medicine and Biology Conference (EMBC)
2025, Copenhagen.

5. Chwal J., Banasik A., Dzik R., Tkacz E. Optimizing Smoking Cessation Alternatives
Using Multi-MOORA and Al-Based Methods. AIR-RES 2025, Las Vegas, Springer
Nature, w druku.

6. Chwal J., Dzik R., Banasik A., Piotrowski K., Zapotoczny M., Kempa W.M.,
Pikiewicz P., Tkacz E. Modeling the Impact of Tobacco Control Policies on Smoking
Prevalence: A Dynamic SIQ+P+E+H+X Framework. Scientific Papers of Silesian
University of Technology — Organization and Management Series, w druku.

7. Chwal J., Banasik A., Dzik R., Tkacz E. Markov Model Simulation of Nicotine
Addiction and the Effectiveness of Nicotine Replacement Therapy (NRT). Poster,
NBC & PCBBE 2025, Warszawa.

8. Chwal J., Kostka M., Kostka P.S., Dzik R., Filipowska A., Doniec R. 4nalysis of
Demographic, Familial, and Social Determinants of Smoking Behavior Using
Machine Learning Methods. Applied Sciences, 2025;15(8):4442.

9. Chwal J., Zadon H., Szaflik P., Dzik R., Filipowska A., Doniec R., Kostka P.,
Michnik R. Body Composition and Metabolic Profiles in Young Adults:
A Cross-Sectional Comparison of People Who Use E-Cigarettes, People Who Smoke
Cigarettes, and People Who Have Never Used Nicotine Products. Journal of Clinical
Medicine, 2025;14(13):4459.



10. Chwal J., Zadon H., Szaflik P., Dzik R., Filipowska A., Doniec R., Kostka P.,
Michnik R. Postural Control and Gait Alterations in Young Adult Tobacco and
E-Cigarette Users: A Comparative Stabilometric and Treadmill-Based Analysis.
Measuring and Computing Devices in Technological Processes, 2025;83(3):293-312.

11. Chwal J., Zadon H., Szaflik P., Dzik R., Filipowska A., Doniec R., Kostka P.,
Michnik R. E-Cigarette Users Exhibit Stronger Cardiovascular Reactivity than
Smokers: Evidence from a Multimodal Signal Analysis in Young Adults. Scientific
Reports, w recenzji.

W  zaleznosci od charakteru pracy, udzial autorski obejmowal koncepcj¢ badania,

opracowanie modelu matematycznego, analiz¢ danych eksperymentalnych, przetwarzanie sygnatow

biomedycznych, wdrazanie algorytmow uczenia maszynowego, organizacj¢ badan z udziatem ludzi,

jak rowniez redakcje manuskryptéw. Ponizej przedstawiono syntetyczne zestawienie wktadu autorki

w kazda z publikacji:

[A1].

[A2].

[A3].

Chwal Joanna, Filipowska Anna, Antonowicz Magdalena, Lisicki Dawid, Kostka
Pawel, Doniec Rafal, Elemental Composition of Vaping and Smoking Aerosols: Influence
of Liquid Type and Tank Conditions, PLOS ONE (w recenzji), DOI: —, IF = 2.6, CS =
5.4, Punkty MNiSW = 100

Wiktad wtasny: Koncepcja badania, opracowanie metodologii, organizacja i prowadzenie
eksperymentow, analiza danych, wizualizacja wynikow, wspolautorstwo tekstu.

Udzial: 60%

Szczegbdlowy opis wkiadu:

Bylam inicjatorkg i gléwna wykonawczynig eksperymentdéw opisanych w artykule.
Zaplanowatam protokol badania 1 procedury analizy danych fizjologicznych.
Odpowiadatam za rekrutacje uczestnikéw, prowadzenie pomiaréw oraz ich walidacje.
Dokonalam wstgpnego przetwarzania sygnaldow oraz przygotowatam wizualizacje
i tabele. Wspottworzytam tekst manuskryptu i bratam udzial w jego redakcji.

Chwal Joanna, Dzik Radostaw, Banasik Arkadiusz, Tkacz Ewaryst, Comparative
Pharmacokinetics of Nicotine from E-Cigarettes and Traditional Cigarettes: A PBPK
Modeling and Machine Learning Approach, 6th International Conference on Artificial
Intelligence, Katowice 2024, Wydawnictwo Uniwersytetu Slaskiego, DOI: —, IF = —, CS
= —, Punkty MNiSW = 20

Wktad wtasny: Opracowanie i parametryzacja modelu PBPK, analiza symulacji i ich
porownanie z danymi empirycznymi, wspoltworzenie materiatow konferencyjnych oraz
wygloszenie prelekcji na forum konferencji.

Udzial: 55%

Szczegdtowy opis wkiadu:

Jako pierwsza autorka zaprojektowatam i zaimplementowatam fizjologiczny model
PBPK stuzacy do poréwnania loséw nikotyny w organizmie po uzyciu e-papierosow
i tradycyjnych papieroséw. Przeprowadzitam kalibracj¢ modelu na podstawie danych
literaturowych oraz eksperymentalnych. Dokonatam poréwnania wynikow symulacji
z wartosciami pomiarowymi 1 zaprojektowalam cze$¢ graficzng prezentacji.
Przygotowatam podsumowanie do materialow konferencyjnych. Wzielam udzial
w ustnej prezentacji wynikow na konferencji.

Chwal Joanna, Dzik Radostaw, Banasik Arkadiusz, Pantak Piotr, Tkacz Ewaryst,
Physiologically-Based Pharmacokinetic Modeling of Nicotine, Scientific Papers of



[A4].

[AS5].

[A6].

Silesian University of Technology — Organization and Management Series, w druku,
ISSN 1641-3466, ISSN 2720-751X, DOI: —, IF = —, CS —, Punkty MNiSW = 70

Wktad wiasny: Koncepcja badania, stworzenie struktury i kodu modelu PBPK,
parametryzacja, analiza symulacji, interpretacja wynikow, wspotautorstwo tekstu.
Udzial: 60%

Szczegdlowy opis wkladu:

Jako glowna autorka zaprojektowalam i zaimplementowatam model farmakokinetyczny
PBPK dla nikotyny z podzialem na rézne stany zdrowotne i drogi podazy (e-papierosy,
papierosy tradycyjne). Przeprowadzitam weryfikacje i parametryzacj¢ modelu na
podstawie danych literaturowych oraz klinicznych. Odpowiadatam za przygotowanie
symulacji poréwnawczych oraz interpretacje wynikow z uwzglednieniem zmiennych
fizjologicznych. Uczestniczylam w przygotowaniu tekstu manuskryptu oraz warstwy
wizualnej artykutu.

Chwal Joanna, Dzik Radostaw, Banasik Arkadiusz, Tkacz Ewaryst, A Computational
Model of E-Cigarette Coil Degradation: Simulating Thermal and Material Dynamics and
Their Impact on Health, Poster, IEEE Engineering in Medicine and Biology Conference
(EMBC) 2025, Copenhagen, DOI: —, [F = —, CS = —, Punkty MNiSW = 20

Wktad wiasny: Koncepcja modelu, stworzenie algorytmu degradacji grzatki, analiza
wynikow, wizualizacja, przygotowanie materiatu posterowego.

Udzial: 60%

Szczegbdlowy opis wkiadu:

Opracowatam koncepcje modelu komputerowego odwzorowujacego proces degradacji
grzatki e-papierosa pod wplywem ciepta i czasu pracy. Zaimplementowatam algorytm
symulujacy zmiany fizykochemiczne materiatéw i ich potencjalne skutki zdrowotne.
Przeprowadzitam analiz¢ dynamiki termicznej oraz stworzytam wizualizacje obrazujace
zmiany strukturalne. Przygotowalam material do prezentacji posterowej, w tym opis
metod i kluczowe wyniki.

Chwal Joanna, Banasik Arkadiusz, Dzik Radostaw, Tkacz Ewaryst, Optimizing
Smoking Cessation Alternatives Using Multi-MOORA and Al-Based Methods, AIR-RES
2025, Las Vegas, w druku (Springer Nature), ISBN: 1-60132-521-5, IF = —, CS = —,
Punkty MNiSW =20

Wktad wtasny: Opracowanie czesci metodologicznej zwigzanej z klasyfikacjq danych,
analiza wielokryterialna (Multi-MOORA), wspoltworzenie materiatow prezentacyjnych.
Udzial: 40%

Szczegbdlowy opis wkiadu:

W  projekcie uczestniczylam w opracowaniu metody pordéwnawczej oceniajacej
alternatywy rzucania palenia z wykorzystaniem wielokryterialnej analizy decyzyjnej
Multi-MOORA.  Przygotowatam  strukture danych  wejsciowych, dokonatam
przeksztatcen i1 normalizacji cech oraz bralam udzial w integracji wynikoéw z modutem
klasyfikacyjnym, opartym na sztucznej inteligencji. Wspottworzytam diagramy
i podsumowania uzyte w materiatach konferencyjnych.

Chwal Joanna, Dzik Radostaw, Banasik Arkadiusz, Piotrowski Karol, Wawryszczuk
Marcin, Zapotoczny Mateusz, Kempa Wojciech M., Pikiewicz Piotr,Tkacz Ewaryst,
Modeling the Impact of Tobacco Control Policies on Smoking Prevalence: A Dynamic
SIQ+P+E+H+X Framework, Scientific Papers of Silesian University of Technology —
Organization and Management Series, w druku, ISSN 1641-3466, ISSN 2720-751X,
IF =—, CS =—, Punkty MNiSW = 70



[A7].

[AS8].

[A9].

Wiktad wiasny: Projekt koncepcyjny modelu SIQ+P+E+H+X, kodowanie systemu
dynamicznego, analiza scenariuszy, wizualizacja wynikow, wspotautorstwo manuskryptu.
Udzial: 40%

Szczegodlowy opis wkladu:

Opracowatam koncepcje ro0Zszerzonego modelu dynamicznego SIQ
(Susceptible-Initiator-Quitter) z dodatkowymi komponentami obejmujacymi interwencje
polityczne (P), czynniki $rodowiskowe (E), stan zdrowia (H) oraz ekspozycje (X).
Zaimplementowatam model w $rodowisku obliczeniowym, przeprowadzitam symulacje
dla r6znych scenariuszy polityki zdrowotnej 1 przeanalizowatam wptyw parametrow na
czestos¢ palenia w populacji. Przygotowatam ilustracje wynikoéw i wspottworzytam tre§¢
manuskryptu.

Chwal Joanna, Banasik Arkadiusz, Dzik Radostaw, Tkacz Ewaryst, Markov Model
Simulation of Nicotine Addiction and the Effectiveness of Nicotine Replacement Therapy
(NRT), Poster, NBC&PCBBE 2025, Warszawa, DOI: —, [F =—, CS = —, Punkty MNiSW
=20

Wktad — witasny:  Opracowanie  struktury  lancucha  Markowa,  estymacja
prawdopodobienstw przejs¢, analiza efektow terapii NRT, wspoltworzenie materialu
posterowego.

Udzial: 55%

Szczegdlowy opis wkladu:

Zaprojektowatam model Markowa odwzorowujacy proces uzaleznienia od nikotyny
i $ciezki leczenia z wykorzystaniem terapii NRT (nikotynowa terapia zastgpcza).
Przeprowadzitam parametryzacj¢ modelu w oparciu o dane literaturowe
i epidemiologiczne, a nastepnie symulacje dlugoterminowych trajektorii behawioralnych.
Wykonatam analiz¢ skutecznosci poszczegodlnych scenariuszy leczenia. Przygotowatam
wykresy wynikow, wspottworzytam uktad i tres¢ prezentacji posterowej oraz osobiscie
uczestniczylam w prezentacji wynikow.

Chwal Joanna, Kostka Matgorzata, Kostka Pawet S., Dzik Radostaw, Filipowska Anna,
Doniec Rafat, Analysis of Demographic, Familial, and Social Determinants of Smoking
Behavior Using Machine Learning Methods, Applied Sciences, 2025;15(8):4442, DOI:
10.3390/app15084442, IF = 2.5, CS = 3.4, Punkty MNiSW = 100

Wktad wiasny: Projekt koncepcyjny badania, przygotowanie zbioru danych,
implementacja algorytmow uczenia maszynowego, analiza i interpretacia wynikow,
wspotautorstwo tekstu.

Udzial: 60%

Szczegolowy opis wkladu:

Odpowiadatam za projekt koncepcyjny badania, majacego na celu identyfikacje
uwarunkowan zachowan zwigzanych z paleniem tytoniu w populacji mtodych dorostych.
Przygotowatam zbiéor danych 2z uwzglednieniem zmiennych demograficznych,
rodzinnych i spolecznych, nastepnie przeprowadzilam ekstrakcje cech oraz
implementacje klasyfikatorow, opartych na uczeniu maszynowym. Przeanalizowatam
wyniki predykcyjne, wykonalam walidacje modeli i opracowatlam wizualizacje.
Uczestniczytam w redakcji tekstu artykutu.

Chwal Joanna, Zadon Hanna, Szaflik Piotr, Dzik Radostaw, Filipowska Anna, Doniec
Rafal, Kostka Pawel, Michnik Robert, Body Composition and Metabolic Profiles in
Young Adults: A Cross-Sectional Comparison of People Who Use E-Cigarettes, People
Who Smoke Cigarettes, and People Who Have Never Used Nicotine Products, DOI:
10.3390/jcm14134459, IF = 2.9, CS = 5.2, Punkty MNiSW = 140



Wiktad wlasny: Projekt badania, rekrutacja uczestnikow, pomiary skltadu ciata i analiza
kwestionariuszy, statystyka opisowa i wielowymiarowa, wspotautorstwo manuskryptu.
Udzial: 50%

Szczegodlowy opis wkladu:

Opracowatam projekt badania przekrojowego, dotyczacego wplywu uzywania
e-papieroséw na sktad ciata i styl zycia mlodych dorostych. Bytlam odpowiedzialna za
dobor i kontrolg procedur pomiaru metoda BIA (Bioelectrical Impedance Analysis),
opracowanie i analiz¢ danych kwestionariuszowych, a takze za przeprowadzenie analiz
statystycznych —  zarowno jednoczynnikowych, jak i  wielowymiarowych.
Wspottworzylam strukture manuskryptu i bratam udziat w jego redakcji.

[A10]. Chwal Joanna, Zadon Hanna, Szaflik Pawel, Dzik Radostaw, Filipowska Anna, Doniec
Rafat, Kostka Pawel, Michnik Robert, Postural Control and Gait Alterations in Young
Adult  Tobacco and E-Cigarette Users: A Comparative Stabilometric and
Treadmill-Based Analysis, Measuring and Computing Devices in Technological
Processes, (3), 293-312. DOI: 10.31891/2219-9365-2025-83-36, IF = —, CS = —, Punkty
MNiSW = 5.

Wktad wiasny: Projekt badania, organizacja i nadzor nad rejestracjq pomiarow
stabilometrycznych i na biezni, analiza danych, interpretacja roznic miedzy grupami,
wspolautorstwo manuskryptu.

Udzial: 50%

Szczegbdlowy opis wkiadu:

Bytam odpowiedzialna za zaprojektowanie badania poréwnawczego, oceniajacego
rownowage posturalng i parametry chodu w grupach mtodych uzytkownikdéw papierosdw
tradycyjnych i elektronicznych. Nadzorowatam przebieg sesji pomiarowych z uzyciem
platformy stabilometrycznej i biezni, przeprowadzitam analiz¢ statystyczng rdznic
migdzy grupami, w tym analiz¢ wariancji i regresje. Wspottworzytam wnioski oraz
bratam udziat w tworzeniu ostatecznej wersji artykutu.

[A11]. Chwal Joanna, Zadon Hanna, Szaflik Pawel, Dzik Radostaw, Filipowska Anna, Doniec
Rafal, Kostka Pawet, Michnik Robert, E-Cigarette Users Exhibit Stronger
Cardiovascular Reactivity than Smokers: Evidence from a Multimodal Signal Analysis in
Young Adults, Scientific Reports (w recenzji), DOI: —, IF = 3.9, CS = 6.9, Punkty
MNiSW = 140
Wiktad wiasny: Koncepcja badania, opracowanie procedur eksperymentalnych,
rejestracja i przetwarzanie sygnatow multimodalnych, analiza zmian uktadu
sercowo-naczyniowego, wspotautorstwo manuskryptu.

Udzial: 50%

Szczegbdlowy opis wkiadu:

Stworzylam projekt badania, majacego na celu poréwnanie reaktywnos$ci
sercowo-naczyniowej u uzytkownikow e-papierosow 1 palaczy tradycyjnych na
podstawie sygnalow rejestrowanych w warunkach wysitku i odpoczynku. Bytam
odpowiedzialna za rejestracje, segmentacje i przetwarzanie sygnatow EKG, PPG
i cisnienia krwi, a takze analiz¢ ro6znic miedzygrupowych przy uzyciu metod
statystycznych i eksploracyjnych. Uczestniczytam w redakcji manuskryptu i interpretacji
wynikéw w konteks$cie fizjologii uktadu krazenia.

Udzial ten potwierdza aktywne zaangazowanie doktorantki na wszystkich etapach procesu
badawczego, kreacji metodologii, manuskryptow oryginalnych i redakcyjnego, w szczegodlnosci



odpowiedzi na recenzje recenzentdw, zgodnie z wymaganiami dla rozprawy przygotowanej w formie
cyklu publikacji.
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2. Poszerzone streszczenie w jezyku polskim

2.1. Wprowadzenie

Palenie tytoniu od wielu dekad pozostaje jedna z gldéwnych przyczyn przedwczesnych
zgonoOw na $wiecie. Statystyki wskazuja, ze naldg ten odpowiada za $mier¢ ponad 8 milionow ludzi
rocznie [1]. Dym papierosowy zawiera tysiace toksycznych zwiazkow, przez co palacze zyja srednio
o okoto 10 lat krocej niz osoby niepalace [2]. Wobec powszechnej swiadomosci szkodliwosci palenia,
w ostatnich latach coraz wicksza popularnoscia cieszg si¢ elektroniczne papierosy (tzw. e-papierosy) —
urzadzenia, ktére dostarczaja nikotyne w formie aerozolu bez procesu spalania tytoniu. Reklamowane
jako potencjalnie mniej szkodliwa alternatywa dla tradycyjnych papieroséw, e-papierosy budza
nadzieje cze¢$ci palaczy na ograniczenie szkod zdrowotnych zwigzanych z natogiem. Jednocze$nie
jednak pojawiajg si¢ obawy i kontrowersje dotyczace ich bezpieczenstwa i dtugofalowego wptywu na
organizm [3]. Papierosy elektroniczne sg urzadzeniami podgrzewajacymi roztwory zawierajace
w swoim skladzie nikotyne i droga wziewna dostarczajaca ja do organizmu. W jezyku polskim
przyjeto si¢ powszechne uzywanie terminologii “palenia e-papierosow”, “palacze e-papierosow’;
pamigtajac o powyzszej definicji, na potrzeby plynnosci jezykowej w niniejszej rozprawie te terminy
moga by¢ wykorzystywane zamiennie i nie wynikaja z braku wiedzy doktorantki.

W Polsce szacuje si¢, ze okoto jedna czwarta dorostych wcigz pali tradycyjne papierosy,
jednoczesnie kilka procent tej grupy Polakéw deklaruje regularne uzywanie e-papierosow [4].
Szczegoblnie niepokojaca wydaje si¢ popularnos$é tych produktow wsréd miodziezy. Z badan Global
Youth Tobacco Survey wynika, ze cho¢ liczba nieletnich palaczy papierosow w Polsce na przestrzeni
ostatnich lat zmniejszyta si¢, to jednoczesnie znaczna czg$¢ mlodych ludzi eksperymentowata
z e-papierosami [5]. Podobne trendy obserwuje si¢ w innych krajach — na przyktad w Stanach
Zjednoczonych w 2018 roku odsetek uzytkownikow e-papierosoOw wsrod ucznidow szkot srednich
przekraczat 20% [6]. Rosngca dostepnos$¢ atrakcyjnych smakowo wkladow nikotynowych oraz
agresywny marketing przyczynity si¢ do faktu, ze e-papierosy staty si¢ modnym gadzetem w grupie
nastolatkow i tzw. mtodych dorostych. Najnowszym zjawiskiem jest gwattowny wzrost popularnosci
jednorazowych e-papierosow typu ,,disposable”, co mozna zaobserwowac rowniez na polskim rynku

[7].

Szkodliwy wptyw palenia papierosow na zdrowie zostal jednoznacznie potwierdzony
w badaniach epidemiologicznych i doswiadczalnych. Tradycyjne papierosy przyczyniaja si¢ do
rozwoju licznych schorzen wielonarzadowych, a palenie uznaje si¢ za najwazniejszg mozliwg do
unikniecia przyczyne zgonow przedwczesnych [1, 2]. Palenie tytoniu jest gldowna przyczyna raka ptuc
— szacuje sie, ze 80-90% przypadkow tego nowotworu jest zwigzanych z ekspozycja na dym
tytoniowy — a ponadto zwigksza ryzyko rozwoju wielu innych nowotwordéw, w tym jamy ustnej,
gardta, przetyku, krtani, trzustki, pecherza moczowego oraz nerek [2, 16]. Dlugotrwate palenie
prowadzi takze do choréb uktadu oddechowego, takich jak przewlekle zapalenie oskrzeli czy rozedma
phuc, ktore sktadaja si¢ na przewlekla obturacyjng chorobg ptuc (POChP). U palaczy czgsciej
wystepuje rowniez astma oskrzelowa, nasilajg si¢ jej objawy, a takze obserwuje si¢ wyzsza czestos$¢
infekcji drég oddechowych, takich jak zapalenie ptuc [2, 9]. Ponadto substancje zawarte w dymie
tytoniowym, w tym tlenek wegla i nikotyna, uszkadzaja uklad krazenia, zwickszajac ryzyko
miazdzycy naczyn, choroby niedokrwiennej serca, zawatu migénia sercowego oraz udaru mézgu — i to
juz przy wypalaniu zaledwie kilku papieroséw dziennie [2, 8]. Palenie tytoniu wptywa takze na
rozwoj innych schorzen: sprzyja powstawaniu choroby wrzodowej zotadka, zwigksza ryzyko
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wystapienia cukrzycy typu 2 oraz przewlektych chorob zapalnych, takich jak reumatoidalne zapalenie
stawow. U kobiet palacych czesciej dochodzi do powiktan cigzowych, w tym do niskiej masy
urodzeniowej noworodkow, natomiast u mezczyzn czesciej obserwuje si¢ zaburzenia erekcji
i obnizenie ptodnosci [8, 9]. Na negatywne konsekwencje narazone sa nie tylko osoby czynnie palace,
ale tez ludzie w ich otoczeniu. Bierne palenie, czyli wdychanie dymu papierosowego przez osoby
niepalace, rowniez powoduje szereg chordb (w tym choroby serca, nowotwory ptuc) i odpowiada za
okoto 1,2 miliona zgondéw rocznie na $wiecie [1]. Jak stwierdzono w raporcie amerykanskiego
Surgeon General, nie istnieje bezpieczny poziom ekspozycji na dym tytoniowy — nawet krotka
ekspozycja moze wywotywac uszkodzenia biologiczne prowadzace do chorob [10]. Z tego wzgledu
eliminacja dymu tytoniowego z otoczenia pozostaje kluczowym celem zdrowia publicznego.

Fundamentalna réznica migdzy tradycyjnym papierosem a e-papierosem polega na sposobie
uwalniania nikotyny. W papierosie tytoniowym spalany jest susz tytoniowy, w wyniku czego powstaje
dym zawierajacy tysigce zwigzkéw chemicznych. Z kolei w e-papierosie ptynny roztwor (tzw.
e-liquid, zwykle na bazie glikolu propylenowego i gliceryny) jest podgrzewany elektrycznie, tworzac
aerozol inhalowany przez uzytkownika. Dym tytoniowy zawiera ponad 7000 réznych substancji
chemicznych, z ktoérych okoto 70 ma udowodnione dzialanie rakotwoércze [11, 12]. Do kluczowych
sktadnikow naleza m.in. nikotyna — alkaloid odpowiedzialny za dziatanie uzalezniajgce tytoniu oraz
pobudzanie ukladu nerwowego [13]. Sama nikotyna nie jest czynnikiem rakotworczym, ale
przyczynia si¢ do rozwoju choréb sercowo-naczyniowych, miedzy innymi przez przyspieszenie akcji
serca 1 wzrost cisnienia oraz do powstawania uzaleznienia. Kolejnym istotnym sktadnikiem sg
substancje smoliste — lepka mieszanina zwigzkow powstajacych podczas spalania, zawierajaca
migdzy innymi wielopier§cieniowe weglowodory aromatyczne (WWA) 1 nitrozoaminy, spos$rod
ktorych wiele, jak na przyktad benzo[a]piren, ma dziatanie rakotworcze [12, 14]. W dymie obecny
jest takze tlenek wegla — toksyczny gaz powstajacy w wyniku niecatkowitego spalania, ktory po
wchionieciu do krwi wigze hemoglobing, zmniejszajac dotlenienie tkanek i przyczyniajac si¢ do
rozwoju miazdzycy oraz chorob serca oraz spadku kondycji fizycznej. Do tego dochodza drazniace
i toksyczne gazy, takie jak formaldehyd, cyjanowodor, amoniak i tlenki azotu, ktore uszkadzaja btony
Sluzowe drég oddechowych i upo$ledzaja mechanizmy obronne phluc [8, 14]. Dym papierosowy
zawiera rowniez metale cigzkie, takie jak kadm, otdéw, arsen czy chrom, ktére kumuluja si¢
w organizmie i mogg powodowac uszkodzenia narzadow oraz wykazywac dziatanie rakotworcze [12,
14]. Dodatkowo obecne sg drobne czastki state — sadza i czastki popiotu o $rednicy ponizej 2.5 um
(PM:.5), ktére wnikaja gleboko do drég oddechowych, powodujac przewlekty stan zapalny i stres
oksydacyjny w phucach [15].

W przypadku aerozolu z e-papierosa, jego sktad jest znacznie mniej ztozony niz dym
papierosowy i pozbawiony wielu typowych dla spalania toksyn, jednak rowniez nie jest obojetny dla
zdrowia. Zawiera on nikotyne, ktora w ptynach do e-papieroséw wystepuje w roznych stezeniach (np.
3-24 mg/mL, a w jednorazowych e-papierosach nawet powyzej 20 mg/mL). Aerozol nikotynowy
z e-papierosa dostarcza tego alkaloidu w ilo$ciach zblizonych do papierosa tradycyjnego, co
wystarcza do wywotania 1 podtrzymania uzaleznienia [16, 17]. Glikol propylenowy i gliceryna
roslinna, stanowigce baze liquidu po podgrzaniu tworzg widoczny aerozol (tzw. ,,chmurg”). Same
w sobie uchodzg za stosunkowo bezpieczne do inhalacji krotkotrwatej, cho¢ w wysokiej temperaturze
moga ulega¢ czgsciowemu rozktadowi do draznigcych aldehydéw. Substancje zapachowo-smakowe
dodawane do plynéw (np. owocowe, migtowe, deserowe), to zwigzki dopuszczone do spozycia,
jednak ich wplyw na drogi oddechowe po podgrzaniu i inhalacji jest w duzej mierze nieznany.
W aerozolu wykrywane sg takze toksyczne zwiazki karbonylowe, takie jak formaldehyd, acetaldehyd
1 akroleina, ktérych stezenie jest zwykle kilkudziesieciokrotnie nizsze niz w dymie z papierosa, cho¢

12



ich ilo$¢ moze wzrasta¢ przy wyzszych ustawieniach mocy grzatki i intensywnym uzytkowaniu (tzw.
»dry puff?’) [19-21]. W aerozolu z e-papieroséw stwierdzono takze s$ladowe ilosci niektorych
zwigzkdéw rakotworczych, takich jak nitrozoaminy nikotynowe czy akrylonitryl, jednak ich poziomy
sa istotnie nizsze niz w dymie papierosowym [19, 22]. Badania wykazaty réwniez obecnos¢ metali
cigzkich i czastek metalicznych, pochodzacych z grzatek i metalowych elementéw urzadzenia, takich
jak otoéw, chrom, nikiel, cyna czy mangan — ich stezenia moga przekracza¢ poziomy spotykane
w powietrzu atmosferycznym [23, 24]. Dlugotrwata inhalacja tych metali moze skutkowac
uszkodzeniem tkanki plucnej i ich odkladaniem si¢ w narzadach. Gegsta chmura aerozolu moze
znaczaco zwickszac stezenie czastek PM:.s w pomieszczeniach, co budzi pytania o konsekwencje dla
0sOb postronnych [15, 25]. Dodatkowym potencjalnym zagrozeniem sa zwiazki, takie jak diacetyl,
wystepujace w niektorych aromatach (np. maslanych czy waniliowych), ktore moga powodowac
powazne uszkodzenia oskrzelikoéw (tzw. popcorn lung) przy przewlektej inhalacji. Diacetyl byt
wykrywany w pltynach i aerozolu niektérych e-papieroséw aromatyzowanych, a cho¢ jego stezenie
w e-papierosach jest zwykle nizsze niz w dymie papierosowym, jego obecnos¢ stanowi potencjalne
zagrozenie dla uzytkownikow [26].

Podsumowujgc, w porownaniu z dymem tytoniowym, aerozol z e-papierosow zawiera
znacznie mniej wielopierscieniowych weglowodoréw aromatycznych, tlenku wegla czy nitrozoamin,
co oznacza mniejsza ekspozycje na wiele klasycznych czynnikow rakotwoérczych i toksycznych [18,
19, 27]. Jest to istotny argument zwolennikow e-papierosow, sugerujacych ich obnizona szkodliwosc.
Z drugiej strony, e-papierosy nie dostarczajg wylacznie ,,czystej” nikotyny — uzytkownik wdycha
mieszaning zwiazkow chemicznych, z ktorych cze$¢ (cho¢ w nizszych dawkach niz w papierosach
tradycyjnych), rowniez moze wywiera¢ negatywny wplyw na organizm. Ponadto sktad aerozolu silnie
zalezy od konstrukcji urzadzenia i sposobu uzywania — intensywne zacigganie si¢ przy wysokiej
temperaturze grzatki moze znaczaco zwigkszy¢ ilo§¢ szkodliwych produktéw termicznego rozktadu
liquidu [20, 21]. W nastgpnych sekcjach omowiono, jakie skutki zdrowotne wynikaja z narazenia na
powyzsze substancje podczas aktywnego i biernego palenia oraz uzytkowania e-papierosow.

Cho¢ e-papierosy sa obecne na rynku od stosunkowo niedawna (masowa sprzedaz ruszyta
w drugiej potowie lat 2000), naukowcy zgromadzili juz sporo danych na temat ich wptywu na ludzki
organizm. Wielu uzytkownikow e-papierosow zgtasza podraznienie drog oddechowych, przewlekty
kaszel, nasilong chrypke czy $wiszczacy oddech. Badania ankietowe i kliniczne potwierdzaja, ze
osoby uzywajace e-papieroséw czesciej doswiadczaja takich objawow w poréwnaniu z osobami ich
nieuzywajacymi [28, 29]. W 2019 roku uwagg swiata zwrocita seria ostrych przypadkéw uszkodzenia
phuc okreslanych jako EVALI (e-cigarette or vaping product use associated lung injury). W USA
odnotowano ponad 2800 hospitalizacji z powodu ci¢zkiego uszkodzenia phuc, zwigzanego
z uzywaniem e-papierosow, z czego kilkadziesigt zakonczyto si¢ zgonem pacjenta [20]. Dochodzenie
wykazato, ze wickszos¢ tych przypadkdw wigzata si¢ z inhalowaniem nielegalnych plynéw
zawierajagcych THC i olej octanowy witaminy E, jednak sam fakt wystgpienia EVALI uwidocznit
potencjal e-papierosow do wywolywania ostrych, zagrazajacych zyciu powiklan ptucnych. Istnieja
rowniez dowody, ze aerozol nikotynowy moze niekorzystnie wptywaé na drogi oddechowe:
eksperymenty laboratoryjne wykazaly, ze narazenie komoérek nabtonka ptuc na dziatanie kondensatu
z e-papierosow powoduje uszkodzenia DNA oraz uposledza mechanizmy naprawcze materiatu
genetycznego [30]. Moze to sprzyjac inicjacji procesu nowotworowego. Rzeczywiscie, w badaniu na
modelu zwierzecym wykazano, ze dlugoterminowe inhalowanie nikotynowego aerozolu przez myszy
skutkowato rozwojem zmian nowotworowych w ptucach tych zwierzat [31]. Ponadto e-papierosy
wydaja si¢ wywolywac¢ odpowiedz zapalng w uktadzie oddechowym — stwierdzono zwigkszong
produkcje cytokin prozapalnych w komorkach nablonka oskrzeli eksponowanych na aerozol,
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utrzymujacg si¢ nawet po zaprzestaniu ekspozycji [32]. W badaniu kohortowym wséréd mtodych
dorostych w USA zaobserwowano, ze rozpoczgcie uzywania e-papierosow istotnie zwigksza ryzyko
wystapienia przewlektych objawow ze strony uktadu oddechowego (takich jak $wiszczacy oddech,
przewlekly kaszel) nawet u osob, ktore wczesniej nie pality tradycyjnych papierosow [33]. Dane te
kazg przypuszczaé, ze regularne uzytkowanie e-papierosow moze prowadzi¢c do podobnych
probleméw pulmonologicznych, jakie znamy u palaczy tytoniu, cho¢ mechanizmy moga by¢
cze$ciowo odmienne.

Pojawienie si¢ e-papierosow wywolalo dyskusje na temat ich roli w zdrowiu publicznym.
Zgodnie z koncepcja redukcji szkod (harm reduction), jesli niektorym palaczom nie udaje si¢
catkowicie zaprzesta¢ uzywania nikotyny, to przestawienie si¢ z konwencjonalnych papieroséw na
mniej szkodliwe zrodto nikotyny mogloby przynies¢ korzysci w postaci zmniejszenia czgstosci
choréb odtytoniowych [34]. E-papierosy dostarczaja nikotyn¢ bez wigkszosci toksyn, powstajacych
przy spalaniu tytoniu, zatem teoretycznie powinny by¢ mniej niebezpieczne dla zdrowia niz
papierosy. Rzeczywiscie, badania wykazaly, ze osoby, ktore catkowicie zastgpity papierosy tradycyjne
elektronicznymi, majg istotnie nizsze stgzenia biomarkeréw narazenia na substancje smoliste
i karcinogeny (np. NNAL - metabolit nitrozoamin tytoniowych) w poréwnaniu z osobami
kontynuujagcymi palenie zwyklych papierosow [17]. W kontrolowanym badaniu klinicznym
z udzialem palaczy afroamerykanskich i latynoskich stwierdzono, ze przejScie na e-papierosy typu
POD (Personalized On Demand) z dopelianymi wkladami nikotynowymi, przez kilka tygodni
skutkowato znacznym obnizeniem poziomu toksycznych zwigzkéw w organizmie, w poroOwnaniu
z grupa nadal palaca tyton [17]. Ponadto niektore badania sugeruja, ze e-papierosy moga pomagac
w rzuceniu natogu tytoniowego. W Anglii zaobserwowano zalezno$¢ czasowa: wzrost popularnosci
e-papieroséw w populacji korelowat ze zwigkszeniem odsetka podejmowanych prob rzucenia palenia
oraz ze wzrostem skutecznos$ci tych prob, co moze wskazywac, ze cze$¢ palaczy z powodzeniem
zerwala z nalogiem dzigki alternatywie w postaci e-papieroséw [35]. Roéwniez metaanalizy
randomizowanych badan klinicznych dostarczajg pewnych dowodow skutecznosci — w przegladzie
z 2018 roku wykazano, ze uzywanie e-papierosOw z nikotyna wiazato si¢ z wyzszym odsetkiem osob
abstynentnych od palenia tytoniu po 6—12 miesigcach, w poréwnaniu z grupami kontrolnymi (np.
stosujacymi placebo lub inne metody) [36]. Juz wczesniejsze analizy (m.in. Cochrane z 2014 r.)
odnotowaly, ze e-papierosy moga pomodc czesci palaczy ograniczy¢ lub czasowo odstawi¢ papierosy,
cho¢ podkreslano niewielka liczbe badan i konieczno$¢ dalszych dowodow [37].

Z drugiej strony, wielu ekspertdéw zwraca uwage na potencjalne zagrozenia zwigzane
z promowaniem e-papierosow jako $rodka pomocniczego w rzucaniu palenia. Przede wszystkim,
czeg$¢ badan obserwacyjnych sugeruje, ze palacze korzystajacy rownolegle z e-papieroséw wcale nie
rzucajg nalogu czgséciej niz ci, ktorzy ich nie uzywaja — a niektore analizy wrecz wskazywaty na
nizszy wskaznik rzucenia palenia wsrdéd uzytkownikow e-papierosow, W porOwnaniu
z nieuzywajacymi (by¢ moze dlatego, Zze e-papieros pozwala im podtrzymac natdég nikotynowy) [38].
Podwojne uzywanie (dual use) moze dawaé palaczom zludne poczucie ograniczania szkod, podczas
gdy nadal sa oni narazeni na toksyny z papierosow, jedynie uzupetione o ekspozycj¢ na aerozol
z e-papierosa [39]. Ponadto istnieje obawa, ze tatwa dostgpnos¢ e-papierosOw moze zniweczy¢
wieloletnie wysitki denormalizacji palenia — mtode pokolenie, ktére w wigkszym stopniu sigga po
e-papierosy, moze w przysztosci czesciowo przejs¢ na palenie tradycyjne lub pozosta¢ dozywotnio
uzaleznione od nikotyny w jakiejkolwiek formie [40]. Ten efekt ,,furtki” (gateway effect), budzi duzy
niepokoj: wedlug wspomnianej metaanalizy nastolatki uzywajace e-papieroséw maja kilka razy
wigksze ryzyko, ze w ciagu kolejnych lat siggng po zwykle papierosy [40]. Z punktu widzenia
zdrowia publicznego zyski netto z e-papierosOw moga wigc zosta¢ zrownowazone lub nawet

14



przewazone przez straty, jesli dojdzie do masowego uzaleznienia od nikotyny nowych grup ludzi,
ktoérzy w przeciwnym razie nie zostaliby palaczami.

Renomowane instytucje analizujace problem wydaty ostrozne rekomendacje. Raport
Narodowej Akademii Nauk, Inzynierii i Medycyny USA (NASEM) z 2018 r. stwierdzil, ze e-papierosy
sa zdecydowanie mniej narazajace na szkodliwe substancje niz papierosy tradycyjne, co sugeruje
potencjalnie mniejsze ryzyko dla indywidualnego uzytkownika, ktory przestawi si¢ catkowicie
z palenia na uzywanie elektronicznej alternatywy. Jednocze$nie jednak raport podkreslit silne dowody
na to, ze e-papierosy zwigkszaja ryzyko rozpoczgcia palenia tytoniu wsrod milodziezy i miodych
dorostych, a dowody na ich skutecznos¢ w trwatym rzuceniu palenia s umiarkowane [41]. Innymi
stowy, bilans wplywu e-papierosd6w na zdrowie publiczne zalezy od tego, na ile pomoga one obecnym
palaczom zerwac¢ z nalogiem, a na ile przyczynia si¢ do uzaleznienia nowych uzytkownikow. Modele
symulacyjne dajg rozbiezne wyniki — np. jedna z analiz oszacowala, ze wprowadzenie e-papieroséw
moze ostatecznie zwigkszy¢ liczbe zgondow z powodu palenia, jesli wezmie si¢ pod uwage wptyw na
inicjacj¢ palenia przez miodych ludzi [42], podczas gdy inne modelowanie wskazuje na mozliwos¢
zmnigjszenia szkod pod warunkiem minimalizacji rozpowszechnienia e-papierosow wsrod
niepalgcych i mtodziezy [43].

Biorac pod uwage zarowno jednoznaczng szkodliwo$¢ palenia tytoniu, jak i niepewnos¢ co do
dhugofalowych skutkow uzywania e-papierosow, wtadze zdrowotne na swiecie podejmuja réoznorodne
dziatania regulacyjne i profilaktyczne. W zakresie tradycyjnych wyroboéw tytoniowych, wigckszos¢
krajéw wprowadzita sprawdzone interwencje: zakazy palenia w miejscach publicznych, wysokie
opodatkowanie papierosow, ograniczenia reklam i sprzedazy czy kampanie edukacyjne. Te klasyczne
rozwigzania przynosza wymierne efekty — przyktadowo podwyzszenie akcyzy i tym samym ceny
papieros6w jest uznawane za jedno z najbardziej skutecznych narzg¢dzi redukcji palenia na poziomie
populacji [44]. Wazng kwestig okazal si¢ takze dostep mtodziezy do papieroséw: w wielu krajach
podniesiono minimalny wiek legalnej sprzedazy wyrobow tytoniowych do 21 lat. Analizy
przeprowadzone w USA przez Instytut Medycyny oszacowaty, ze takie posunigcie (tzw. Tobacco 21)
powinno istotnie zmniejszy¢ liczbe palaczy wsréd mtodych dorostych oraz zredukowac palenie
w calej populacji [45]. Badania sondazowe wskazuja, ze wickszo$¢ spoteczenstwa popiera
podniesienie wieku sprzedazy wyrobow tytoniowych, dostrzegajac w tym dziataniu szans¢ na ochrong
mtodziezy przed natogiem [46].

Regulacje dotyczace e-papierosow w wielu aspektach dopiero ksztaltuja sie. W Unii
Europejskiej wprowadzono m.in. ograniczenie maksymalnego stezenia nikotyny w ptynach do
e-papieroséw (20 mg/mL) oraz objeto te produkty zakazem sprzedazy nieletnim, analogicznie do
papierosow tradycyjnych. W Polsce od 2016 r. obowiazuje zakaz sprzedazy e-papieroséw osobom
ponizej 18. roku zycia, zakaz ich reklamowania oraz zakaz uzywania w miejscach publicznych
objetych wczesniej ustawg antynikotynowg (np. w szkolach, urzedach, $rodkach transportu
publicznego). Mimo to egzekwowanie tych przepisow bywa wyzwaniem — badania wskazuja, ze
cze$¢ uzytkownikow uzywa e-papierosow w przestrzeniach publicznych pomimo obowigzujacych
zakazow, a kontrola tego zjawiska jest utrudniona z uwagi na dyskretniejszy charakter e-papierosow
(brak dymu, mniejszy zapach) [47]. W odpowiedzi na rosngca liczbe mtodych uzytkownikow,
niektore kraje (np. USA, Kanada) wprowadzity dodatkowe restrykcje, takie jak zakaz sprzedazy
pltynoéw o atrakcyjnych smakach (uznajac, ze to gtownie smaki przyciggaja mtodziez).

Wsrod ekspertdow pojawiaja si¢ glosy, ze przysziosciowo nalezatoby rozwazy¢ calkowite
wycofanie ze sprzedazy zaréwno papieroséw tradycyjnych, jak i alternatywnych produktow
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nikotynowych. Argumentuje si¢, ze nie ma uzasadnienia dla utrzymywania na rynku skrajnie
szkodliwego produktu (papieroséw), jesli istnialyby dostgpne formy nikotyny o mniejszym ryzyku —
jednak z drugiej strony, dopuszczenie ich bez ograniczen mogloby prowadzi¢ do wspomnianych
nowych zagrozen [48]. Z pewnoscig polityka wobec nikotyny musi balansowa¢ miedzy dwoma
celami: maksymalng ochrong os6b niepalgcych i mtodziezy przed uzaleznieniem, a pomoca
uzaleznionym palaczom w zmniejszeniu szkod lub rzuceniu natogu. W wielu krajach, w tym
w Polsce, wplywy z podatkow i akcyzy od sprzedazy wyrobow nikotynowych, w tym papierosow
elektronicznych, stanowig istotng cze$¢ dochodow budzetu panstwa. Z tego wzgledu wprowadzenie
catkowitego zakazu ich sprzedazy jest obecnie nierealne, a realng mozliwoscia pozostaje jedynie
podwyzszenie stawek akcyzy lub innych obciazen podatkowych.

Poza regulacjami prawnymi, kluczowe sg dziatania edukacyjne i medyczne. Personel ochrony
zdrowia odgrywa istotng role w motywowaniu palaczy do podjecia prob zerwania z natogiem oraz
w informowaniu o ryzyku zwigzanym z réoznymi formami konsumpcji nikotyny. Badania pokazuja, ze
prosta interwencja lekarza — zalecenie rzucenia palenia i poinformowanie o dostgpnych formach
wsparcia — istotnie zwicksza odsetek osoéb podejmujacych probe zerwania z natogiem [49]. Palacze
powinni by¢ zachecani do korzystania ze sprawdzonych metod leczenia uzaleznienia od tytoniu:
poradnictwa behawioralnego, terapii wspierajacych (np. infolinie, aplikacje mobilne) oraz
farmakoterapii. Dostepne leki, takie jak nikotynowa terapia zastepcza (NRT) w postaci plastroéw, gum
czy pastylek, czy tez leki na recepte (wareniklina, bupropion), podwajajg szanse skutecznego rzucenia
palenia w poroéwnaniu z probami podejmowanymi bez wsparcia [9, 50]. W kontekscie e-papierosow
profesjonalisci medyczni powinni przekazywaé zrownowazone informacje: podkreslac, ze nie sg one
przeznaczone dla 0sob niepalgcych, a jednoczesnie — ze catkowite przejscie na e-papierosy moze by¢
mniej szkodliwe dla palacza, ktoéry nie jest w stanie inaczej zerwac z natogiem. Takie stanowisko
zajmuje m.in. Amerykanskie Towarzystwo Kardiologiczne, ktore w swojej najnowszej deklaracji
zauwaza, iz cho¢ nie rekomenduje rutynowo e-papierosow jako metody rzucania palenia, to jednak
uznaje, ze w indywidualnych przypadkach zamiana papieroséw na e-papierosy moze przynies$¢
korzys$ci zdrowotne, o ile prowadzi do catkowitego porzucenia palenia tradycyjnego [51].
Towarzystwo to, podobnie jak i WHO, =zaleca jednoczes$nie dalsze prace badawcze nad
dlugoterminowymi skutkami uzywania e-papierosdéw oraz wprowadzenie takich regulacji, ktore
zminimalizuja ich atrakcyjnos$¢ dla mtodziezy (np. ograniczenie smakdéw, kampanie informacyjne
oryzyku) [1, 51].

Prezentowana rozprawa doktorska stanowi interdyscyplinarng probe kompleksowej oceny
wplywu palenia tradycyjnych i elektronicznych papieroséw na wybrane parametry funkcjonowania
uktadu oddechowego oraz sercowo-naczyniowego. Oparta na cyklu jedenastu publikacji, praca
integruje zagadnienia z obszaru toksykologii chemicznej, farmakokinetyki, fizjologii klinicznej,
inzynierii biomedycznej, modelowania matematycznego oraz metod sztucznej inteligencji. Tak
szerokie ujecie tematu umozliwito uzyskanie komplementarnych danych, obejmujacych zaro6wno
analiz¢ sktadu 1 toksyczno$ci aerozolu emitowanego przez e-papierosy, jak i predykcyjne
modelowanie losow nikotyny w organizmie oraz analiz¢ populacyjnych skutkow uzywania wyrobow
nikotynowych. Waznym elementem pracy sg rowniez badania eksperymentalne z udziatem ludzi,
w ktorych dokonano oceny rzeczywistych zmian w sygnatach biologicznych — takich jak zapis EKG,
stabilometria, ci$nienie tetnicze, saturacja krwi czy czestos¢ oddechow — u 0séb palacych papierosy
tradycyjne, uzytkownikow e-papierosé6w oraz osob niepalacych. Dzigki temu mozliwa byta nie tylko
identyfikacja réznic fizjologicznych pomiedzy grupami, ale takze odniesienie tych wynikéw do
modeli matematycznych, opisujacych mechanizmy dzialania nikotyny oraz do przewidywan,
dotyczacych skutecznos$ci interwencji zdrowotnych. Uzyskane wyniki pozwalajg na cato§ciowa ocene
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oddziatywania réznych form konsumpcji nikotyny na organizm czlowieka — zarowno w ujeciu
indywidualnym (fizjologicznym), jak i populacyjnym. Praca wnosi istotny wklad w zrozumienie
mechanizméw, lezacych u podstaw obserwowanych zaburzen metabolicznych, krazeniowych
i neuromotorycznych, a jednoczesnie ma wymiar praktyczny — dostarczajac danych przydatnych
w profilaktyce zdrowotnej, projektowaniu strategii ograniczania szkéd oraz formutowaniu zalecen
klinicznych. Podsumowujgc, niniejsza rozprawa dostarcza dowodow, ze e-papierosy — mimo
eliminacji niektorych zagrozen zwigzanych z klasycznym paleniem tytoniu — nie sg obojetne dla
zdrowia. Wplywaja one na szereg istotnych parametréw fizjologicznych, w tym funkcje oddechowe,
sercowo-naczyniowe, metaboliczne 1 neuro-mig$niowe. Otrzymane rezultaty wskazuja na potrzebe
dalszych, wieloaspektowych badan w tym zakresie oraz na konieczno$¢ uwaznego monitorowania
wplywu nowych alternatywnych produktow nikotynowych na zdrowie publiczne. Prezentowana praca
moze stanowi¢ istotng podstawg do opracowania przyszlych wytycznych klinicznych oraz polityk
regulacyjnych, dotyczacych kontroli i prewencji nikotynizmu.
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2.2.  Cel rozprawy

Zaobserwowana potrzeba poglebionej oceny skutkéw zdrowotnych nowych form konsumpcji
nikotyny, w tym papierosow elektronicznych, oraz ograniczone dotychczasowe mozliwosci
obiektywnej analizy poréwnawczej ich wptywu na organizm cztowieka z wykorzystaniem danych
wielomodalnych, sktonity autorke do podjecia interdyscyplinarnych badan, ktorych cele obejmowaty:

e Opracowanie i1 zastosowanie modeli farmakokinetycznych (PBPK), umozliwiajacych
poréwnanie dynamiki wchianiania, dystrybucji i eliminacji nikotyny z e-papierosow
1 papierosoéw tradycyjnych.

e Analize sktadu chemicznego aerozolu oraz dymu tytoniowego, z uwzglednieniem
zawartosci metali ciezkich i zwigzkéw karbonylowych, oraz oceng ich potencjalnego
wplywu toksykologicznego.

e Przeprowadzenie eksperymentalnej rejestracji sygnatow biomedycznych (m.in.
sygnatow kardiologicznych, metabolicznych 1 stabilometrycznych) u mlodych
dorostych uzytkownikow wyrobow nikotynowych i ich poroéwnanie z grupa
kontrolna.

e Zastosowanie zaawansowanych metod analizy danych, w tym uczenia maszynowego,
w celu identyfikacji cech diagnostycznych i wzorcow odpowiedzi fizjologicznej,
roznicujacych grupy badane.

e (Ocene wpltywu przewlektego stosowania nikotyny w roznych formach na funkcje
uktadu sercowo-naczyniowego, oddechowego, metabolicznego oraz motorycznego —
z perspektywy profilaktyki chorob cywilizacyjnych.

Niniejsza rozprawa doktorska stanowi podsumowanie wynikow badan eksperymentalnych
i modelowych, ktdére tacznie miaty na celu kompleksowa ocene ryzyk zdrowotnych, zwigzanych ze
stosowaniem produktow nikotynowych, a takze opracowanie narzedzi umozliwiajacych
skuteczniejsze monitorowanie ich wpltywu z wykorzystaniem danych fizjologicznych, modeli
obliczeniowych oraz metod sztucznej inteligencji. Nowatorski charakter rozprawy polega na
potaczeniu empirycznych badan populacyjnych, obejmujacych rejestracje sygnalow biomedycznych,
ocen¢ parametrow metabolicznych 1 analize czynnikdw psychospotecznych, z modelami
symulacyjnymi (PBPK, Markowa, SIQ+P+E+H+X) oraz algorytmami sztucznej inteligencji. Takie
podejscie, uwzgledniajace rdznice pomiedzy e-papierosami a papierosami tradycyjnymi
w perspektywie chemicznej, fizjologicznej, metabolicznej i neuromotorycznej, nie byto dotad szeroko
stosowane. Komponent naukowo-badawczy rozprawy obejmuje opracowanie i walidacje modeli
farmakokinetycznych nikotyny, zaprojektowanie modeli dynamiki uzaleznienia i skutecznosci polityk
zdrowotnych, przeprowadzenie badan eksperymentalnych z udzialem ludzi, a takze implementacje
metod uczenia maszynowego do identyfikacji cech diagnostycznych.

W pierwszym etapie badan skoncentrowano si¢ na charakterystyce chemicznej aerozolu
generowanego przez papierosy elektroniczne. W pracy [Al] przeprowadzono analize sktadu
pierwiastkowego 1 wykazano obecno$¢ metali ci¢zkich, takich jak cyna, nikiel czy chrom,
pochodzacych z elementéw grzatki urzadzenia. Obserwowane stezenia tych substancji — w zaleznosci
od warunkéw uzytkowania — mogly osigga¢ wartosci poréwnywalne z dymem papierosowym.
Uzyskane dane stanowig podstawe do dalszych analiz toksykologicznych i farmakokinetycznych.
W kolejnym kroku opracowano i zweryfikowano modele farmakokinetyczne PBPK, opisujace losy
nikotyny w organizmie uzytkownikéw papieroséw elektronicznych i tradycyjnych. Praca [A2]
przedstawiata hybrydowy model PBPK, wzbogacony o komponenty sztucznej inteligencji, natomiast
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[A3] rozszerzyta go o zmienne kliniczne, uwzgledniajace rozne stany fizjologiczne, takie jak otyltosé,
zaburzenia metaboliczne czy choroby uktadu krazenia. Modele te umozliwity ilo§ciowa ocene rdznic
w biodostgpnosci i1 rozktadzie nikotyny, w zalezno$ci od formy dostarczania i kondycji zdrowotnej
uzytkownika. Réwnolegle przeprowadzono badania nad procesem degradacji grzatki e-papierosa
w warunkach rzeczywistych. W pracy [A4] opracowano model obliczeniowy, symulujacy zmiany
materiatowe i termiczne, zachodzace podczas uzytkowania urzadzenia. Uwzgledniono wpltyw typu
stopu, temperatury oraz przeptywu powietrza na emisje czastek metali, co umozliwito lepsze
zrozumienie mechanizméw generowania toksyn. Na podstawie wynikow powyzszych analiz
opracowano systemy wspomagania decyzji w zakresie rzucania palenia. W pracy [AS5]
zaprezentowano algorytm rekomendacyjny, bazujacy na metodzie Multi-MOORA i wspomagany
sztuczng inteligencja, stluzacy do oceny skutecznos$ci, kosztu i akceptowalno$ci roznych strategii
(farmakoterapia, NRT, e-papierosy). Nastepnie, w pracy [A6] zaproponowano dynamiczny model
populacyjny SIQ+P+E+H+X, integrujacy dane demograficzne 1 epidemiologiczne w celu
przewidywania skutkéw wprowadzania polityk antynikotynowych (np. podwyzek podatkow,
kampanii edukacyjnych czy promoc;ji alternatywnych produktow). Modelowanie procesu uzaleznienia
rozwinigto w pracy [A7], w ktorej zastosowano modele Markowa do opisu przej$¢ miedzy stanami:
inicjacji, uzaleznienia, leczenia 1 abstynencji. W oparciu o dane literaturowe oszacowano
prawdopodobienstwa skutecznosci terapii nikotynozastepczej (NRT) oraz $redni czas trwania
poszczegblnych faz uzaleznienia. Kolejny etap badan miat charakter eksperymentalny i dotyczyt
bezposrednio uzytkownikéw produktéw nikotynowych. W pracy [A8] dokonano analizy czynnikow
psychospotecznych, wplywajacych na wybor formy konsumpcji nikotyny. Z wykorzystaniem metod
statystycznych 1 uczenia maszynowego, zidentyfikowano predyktory siegania po e-papierosy
i tradycyjny tyton, takie jak czynniki rodzinne, presja rowiesnicza czy srodowisko domowe. W pracy
[A9] skupiono si¢ na ocenie konsekwencji metabolicznych uzytkowania e-papierosow i palenia.
U mtodych dorostych z roéznych grup uzytkownikéw przeprowadzono pomiary sktadu ciala (za
pomoca bioimpedancji), ci$nienia tetniczego oraz wskaznikow stylu zycia. Wykazano obecnosé
niekorzystnego fenotypu metabolicznego, obejmujacego m.in. otylo$¢ centralng i podwyzszone
warto$ci cisnienia, mimo pozornie prawidlowego BMI. Funkcje neuromotoryczne zbadano w pracy
[A10], wykorzystujac stabilometri¢ i analiz¢ chodu. Zidentyfikowano subtelne zaburzenia rownowagi
oraz zmienno$¢ wzorca lokomocji u uzytkownikéw produktow nikotynowych, w poréwnaniu
z osobami niepalagcymi. Ostatnia praca z cyklu [A11] dotyczyta reaktywnosci sercowo-naczyniowe;.
W warunkach testow wysitkowych i ortostatycznych rejestrowano parametry EKG, ci$nienie tetnicze
oraz saturacj¢ tlenem. Uzytkownicy e-papierosow wykazywali silniejszg 1 szybsza reakcje uktadu
wspolczulnego, co moze §wiadczy¢ o wigkszym ryzyku dysregulacji hemodynamiczne;.
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2.3.

Hipotezy badawcze

W oparciu o przeglad literatury przedmiotu, wyniki badan wstepnych oraz interdyscyplinarny
charakter rozprawy sformulowano nastepujace hipotezy badawcze:

L

IIL.

I1I.

Iv.

VL

VIL

VIIL

IX.

XI.
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Aerozol generowany przez e-papierosy zawiera toksyczne zwigzki chemiczne
i metale ciezkie, ktorych stgzenie — w zaleznosci od warunkow uzytkowania — moze
by¢ poréwnywalne lub wyzsze niz w dymie tytoniowym [A1].

Farmakokinetyka nikotyny rézni si¢ istotnie w zalezno$ci od formy jej dostarczania
(dym tytoniowy vs. aerozol e-papierosa), co wplywa na czas narastania st¢zenia, jego
poziom szczytowy oraz potencjat uzalezniajacy [A2].

Czynniki zdrowotne (np. otyto$¢, choroby uktadu krazenia, zaburzenia metaboliczne)
wptywaja na farmakokinetyke nikotyny, modyfikujac jej losy w organizmie
i potencjalnie nasilajac skutki zdrowotne [A3].

Proces degradacji grzalki e-papierosa pod wplywem temperatury, materiatu
i przeptywu powietrza, istotnie wplywa na emisj¢ metali cigzkich i zwigksza
toksycznos¢ aerozolu [A4].

Wielokryterialna analiza decyzyjna (Multi-MOORA), wspomagana algorytmami
sztucznej inteligencji moze stanowi¢ skuteczne narzgdzie wspierajace wybdr terapii
antynikotynowej [AS5].

Dynamiczne modelowanie populacyjne (SIQ+P+E+H+X) pozwala prognozowaé
wplyw strategii polityki zdrowotnej na rozpowszechnienie palenia i uzywanie
e-papierosoéw [A6].

Modelowanie procesu uzaleznienia od nikotyny z wykorzystaniem tancuchow
Markowa, umozliwia ilosciowa ocen¢ skutecznos$ci terapii nikotynozastepczej (NRT)
[A7].

Czynniki demograficzne, rodzinne i spoteczne istotnie wptywaja na ryzyko si¢gania
po papierosy elektroniczne lub tradycyjne, co mozna wykaza¢ z uzyciem metod
statystycznych i uczenia maszynowego [AS].

Regularne stosowanie e-papierosOw wigze si¢ z niekorzystnymi zmianami
metabolicznymi, w tym otylo$cig centralng, zwigkszonym cisnieniem tetniczym
i niekorzystnym sktadem ciata, obserwowanymi juz u mtodych dorostych [A9].
Stosowanie nikotyny w réznych formach wptywa na posturalng kontrolg rownowagi
1 wzorzec chodu, prowadzac do mierzalnych zaburzen funkcji neuromotorycznych
[A10].

Uzytkownicy e-papieroséw 1 palacze tradycyjni wykazuja odmienng reaktywnosé
sercowo-naczyniowa w odpowiedzi na stres fizjologiczny, w poréwnaniu z osobami
niepalagcymi, co moze $wiadczy¢ o odmiennej aktywacji ukladu wspoétczulnego
[Al1].



2.4. Sklad pierwiastkowy aerozoli z e-papierosOw 1 papierosow
tradycyjnych: wplyw rodzaju ptynu i poziomu napetnienia
zbiornika [Al]

W przeprowadzonej pracy badawczej podjeto probe ilosciowej oceny sktadu pierwiastkowego
aerozoli generowanych przez e-papierosy w warunkach zmiennego poziomu napetnienia zbiornika
(petny, polpemy, pusty) oraz przy uzyciu ptynéw o réznym pochodzeniu — komercyjnym i domowej
produkcji. Celem badan bylo okreslenie wptywu tych czynnikéw na obecno$¢ metali cigzkich i innych
pierwiastkow w aerozolu, a takze porownanie ich zawartoSci z aerozolami pochodzacymi
z tradycyjnych papierosow. Dla odtworzenia warunkow rzeczywistego uzytkowania zbudowano
stanowisko symulujace inhalacje (Rys. 1 i 2). W badaniach poréownano takze wyniki dla dymu
z papieroséw tradycyjnych. Czasteczki aerozolu i dymu zbierano na membranach nitrocelulozowych
(0,45 pum) osadzonych w komorze kondensacyjnej, pomocniczo analizowano rowniez bawelng
z wnetrza grzatki. Nastepnie poddawano je analizie sktadu pierwiastkowego za pomoca skaningowej
mikroskopii elektronowej (SEM) z detektorem energii dyspersyjnej (EDS). Metoda EDS umozliwia
jakosciowe i potilosciowe wykrycie obecnych pierwiastkow, lecz nie dostarcza informacji o ich
formie chemicznej (np. tlenki, chlorki, kompleksy) ani specjacji, co stanowi istotne ograniczenie
w kontekscie pelnej oceny toksykologicznej. Ponadto, technika nie umozliwia analizy sktadnikow
lotnych ani gazowych, ktore moga by¢ rownie istotne z punktu widzenia ryzyka zdrowotnego.

Rys. 2 Stanowisko do badania dymu z papierosoéw tradycyjnych [A1]
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W badaniu zidentyfikowano obecno$¢ wielu pierwiastkbw nieorganicznych, do
najistotniejszych z toksykologicznego punktu widzenia nalezaty chrom (Cr), aluminium (Al), zelazo
(Fe), nikiel (Ni), miedz (Cu), s6d (Na), siarka (S) i chlor (CI). Ich zawarto$¢ istotnie réznita si¢
w zaleznos$ci od rodzaju uzytego ptynu oraz poziomu napelnienia zbiornika (Tabela 1). Najwyzsze
wzgledne stgzenie chromu odnotowano dla konfiguracji ,,potpelny zbiornik + ptyn domowy” (6,00
0,72 wt%. W konfiguracji
z komercyjnym ptynem o tym samym wypelnieniu zbiornika, wartosci te byly wyraznie nizsze: Cr —

wt%), natomiast st¢zenie aluminium siegato 1,40 wt%, a zelaza —

4,79 wt%, Al — 0,21 wt%, Fe — 0,00 wt%. Dym z papierosow tradycyjnych zawierat §ladowe ilosci
chromu (0,33 wt%) i1 aluminium (0,08 wt%), a dominowaty w nim mineraty pochodzenia ro$linnego
(np. wapn, sod, siarka). Profil pierwiastkow roznit si¢ istotnie — w aerozolu tytoniowym przewazaly
sktadniki mineralne obecne naturalnie w tytoniu i bibutce, podczas gdy w aerozolu z e-papierosow
dominowaly metale techniczne, pochodzace z degradacji materiatéw konstrukcyjnych urzadzenia.

Tabela 1. Srednie stgzenia pierwiastkow w aerozolach uzyskanych podczas uzywania e-papierosa

(10 zaciagnigc€) lub spalania jednego papierosa [Al]
Plyn don.low'y, Pk?/n d(.)mo.wy, Plyn don.low-y ’ kom}:r}c/:r;jny, kompe%r}:}l/jny, komi%r}:}lfjny, Papier9s
pelny zbiornik | pot zbiornika | pusty zbiornik peny zbiomik | pot zbiomika | pusty zbiornik tradycyjny
E wt% SD wt% SD wt% SD wt% SD wt% SD wt% SD wt% SD
54,77 | 0,62 | 50,26 | 0,80 | 52,00 [ 0.94 | 53,10 | 0,71 | 52,37 | 0,70 | 51,94 | 0,64 | 48,86 | 0,35
C [4040 | 0,64 | 40,58 | 0,88 [41,31 | 1.00 |41,12 | 0,73 [41,71 | 0,75 | 41,15 | 0,68 |49,89 | 0,36
Cr | 3,84 [ 095 | 6,00 | 0,97 | 533 | 0.83 | 481 | 0,90 | 4,79 | 0,86 | 548 | 0,79 | 0,33 | 0,03
Na | 033 ]003 032003035005 036|004 |036] 004|038 ]| 00402471003
Al 0,36 | 0,03 | 1,40 [ 0,06 | 0,34 | 0.04 | 0,26 | 0,03 | 0,21 | 0,03 | 0,22 | 0,03 | 0,08 | 0,01
S 0,12 | 0,02 | 0,20 | 0,03 | 0,10 | 0.02 | 0,15 | 0,02 | 0,22 | 0,03 | 0,22 | 0,03 | 0,12 | 0,02
cl 009|002 017|004 |012]002] 008002008 ]| 002]0,14 003|008 | 002
Si 0,04 | 0,01 | 0,12 | 0,02 | 0,25 | 0.03 | 0,02 | 0,00 | 0,07 | 0,02 | 0,22 | 0,02 | 0,15 | 0,02
Mg | 0,00 | 0,00 [ 0,04 | 0,01 | 0,20 [ 0.04 | 0,01 | 0,00 | 0,02 | 0,00 | 0,16 | 0,02 | 0,11 [ 0,01
Fe 0,00 | 0,00 | 0,72 | 0,15 | 0,00 | 0.00 | 0,00 [ 0,00 | 0,00 | 0,00 [ 0,00 | 0,00 [ 0,00 | 0,00
Cu | 0,07 | 0,02 | 0,06 | 0,02 | 0,00 [ 0.00 | 0,04 | 0,01 | 0,04 [ 0,01 | 0,04 | 0,00 | 0,07 | 0,02
Ca | 0,00 | 0,00 | 0,00 [ 0,00 | 0,00 | 0.00 [ 0,05 [ 0,02 | 0,02 | 0,00 [ 0,05 [ 0,01 | 0,05 | 0,01
Br | 0,00 [ 0,00 [ 0,00 | 0,00 | 0,00 [ 0.00 | 0,00 | 0,00 [ 0,00 | 0,00 | 0,00 | 0,00 [ 0,04 | 0,01

Analiza lepkosci (Rys. 3) wykazala wyrazne réznice w zachowaniu ptynow domowych
i komercyjnych. Poczatkowo pltyny domowe cechowaly si¢ wyzsza lepkosciag dynamiczng (~0,2848
Pa-s przy 20,9 °C), ktora ulegta gwaltownemu obnizeniu wraz ze wzrostem temperatury, osiagajac
~0,0295 Pa‘s przy 60,5 °C. W temperaturze 80 °C odnotowano ponowny, niewielki wzrost lepko$ci
(~0,036 Pa-s), sugerujacy poczatek degradacji termicznej. Ptyny komercyjne wykazywaty nizsza
poczatkowa lepko$¢ (~0,15 Pa's przy 23,5°C) oraz bardziej lagodny spadek lepkosci wraz
z temperatura, osiagajac ~0,025 Pa-s przy 80 °C. Wyniki te wskazuja na wyzszg stabilno$¢ termiczna
ptynéow komercyjnych, ktore zachowuja bardziej przewidywalne wiasciwosci fizyczne w szerszym
zakresie temperatur. Potwierdzaja to rowniez pomiary naprezen stycznych — dla ptynéw domowych
warto$ci te osiggaly ok. 5657 Pa przy szybkosci $cinania rzedu 200s™, natomiast dla ptynow
komercyjnych — ok. 30-34 Pa. Réznice te maja bezposredni wplyw na efektywnos¢ waporyzacji oraz
kontrole temperatury podczas pracy urzadzenia. Obnizona stabilno$¢ cieplna ptynéw domowych
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moze sprzyjac zjawisku dry puff, czyli przegrzaniu spirali grzewczej przy niskim poziomie ptynu, co
prowadzi do erozji elementoéw metalowych i zwiekszonego udziatu metali ciezkich w aerozolu.
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Rys. 3 Zmiany lepkosci dynamicznej ptynow domowych i komercyjnych w funkcji temperatury [A1].

W celu uzupehienia analizy wlasciwosci fizycznych plynow przeprowadzono réowniez
pomiar temperatury (Rys. 4) wewnatrz zbiornika podczas symulowanego uzytkowania urzadzenia.
Badania wykazaly, ze ptyny domowe osiagaly wyzsze temperatury poczatkowe i nagrzewaly sie
szybciej niz ptyny komercyjne, co mozna przypisa¢ ich uproszczonemu sktadowi chemicznemu
i braku dodatkow stabilizujacych. Pomimo tych ro6znic, w warunkach ustalonych testow temperatura
obu rodzajow pltyndow stabilizowala si¢ na poziomie okolo 40°C. Uzyskane wyniki wskazuja na
istotny wptyw sktadu ptynu na charakterystyke cieplng pracy urzadzenia, szczegdlnie w poczatkowej
fazie, co moze mie¢ znaczenie dla procesow emisji metali z elementéw grzewczych.
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Rys. 4 Przebieg zmian temperatury wewnatrz zbiornika e-papierosa podczas symulowanego uzytkowania, dla
ptynéw domowych i komercyjnych [A1].

Otrzymane dane jednoznacznie wskazuja, ze nie tylko sktad ptynu, ale rowniez sposob
uzytkowania urzadzenia maja kluczowy wplyw na sklad inhalowanego aerozolu. W wielu
przypadkach stezenia metali ciezkich zblizaly si¢ do granicznych poziomoéw okreslonych przez
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wytyczne WHO lub nawet je przekraczaly, zwlaszcza w warunkach ,,pustego” zbiornika i wysokiej
temperatury pracy. Nalezy jednak podkresli¢, ze metoda EDS ma charakter potilosciowy i nie
pozwala na jednoznaczne okreslenie stezen w odniesieniu do norm toksykologicznych. Rzeczywiste
ryzyko zdrowotne zalezy rowniez od biodostepnosci pierwiastkow, czgstotliwosci uzycia urzadzenia
oraz wspotwystepowania innych zanieczyszczen, co wymaga dalszych, poglebionych analiz. Praca
stanowi istotny wktad w charakterystyke toksykologiczng e-papierosow i podkresla koniecznosé
standaryzacji zarowno skladu ptyndw, jak i parametréow technicznych urzadzen. Zidentyfikowane
ryzyka powinny zosta¢ uwzglednione przy tworzeniu wytycznych bezpieczenstwa uzytkowania
e-papierosow, a takze regulacji prawnych dotyczacych ich produkcji i dystrybucji.
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2.5. Porownanie farmakokinetyki nikotyny z e-papierosow
1 tradycyjnych  papierosow z  wykorzystaniem
modelowania PBPK oraz uczenia maszynowego [A2]

W ramach prowadzonych badan opracowano model farmakokinetyczny typu PBPK
(Physiologically Based Pharmacokinetic), wspomagany algorytmami uczenia maszynowego, w celu
poréwnania dynamiki wchlaniania i rozprzestrzeniania nikotyny w organizmie po zastosowaniu
e-papieroséw i tradycyjnych papieroséw. Celem pracy bylo zbadanie réznic w sposobie dostarczania
nikotyny oraz ocena ich wptywu na poziom narazenia organizmu — ze szczegdlnym uwzglednieniem
mozgu i synaps — a takze wyznaczenie czynnikow fizjologicznych istotnie wptywajacych na tempo
i zakres akumulacji nikotyny. Zaprojektowany model PBPK obejmowal pi¢¢ kluczowych
kompartmentow: ptuca, krew, watrobe, moézg oraz synapsy. Dla kazdego z nich zdefiniowano
objetosci, przepltywy krwi oraz state dyfuzji, metabolizmu i eliminacji. ROwnania oparto na zasadzie
bilansu masy, prawie Ficka oraz kinetyce pierwszego rzgdu dla metabolizmu i eliminacji, co
umozliwito dynamiczng symulacje stezen nikotyny w okresie 24 godzin, z uwzglednieniem
rzeczywistego schematu uzywania produktéw nikotynowych (10 pociggnig¢ na sesje, 20 sesji
dziennie dla e-papieroséw; odpowiednio 1,5 mg vs. 3 mg nikotyny na sesj¢). Rownania
farmakokinetyczne PBPK:

1. Koncentracja nikotyny w ptucach:

dC!ung — dose _ _QL(C -C )
dt Vp Vp lung blood

2. Koncentracja nikotyny we krwi:

ac Q Q
blood  _ _“p_ _ —h_
—_— = v, (C

dt lung Cblood) Ty (Cblood - Cliver)

-~ +k
b distrib blood penetr blood elim  brain

3. Koncentracja nikotyny w watrobie:

dCliver _ Qh C C k
at v, (Chtona ~ )~

liver metab  liver

4. Koncentracja nikotyny w mozgu:

brain

C -k  C
dt penetr blood elim  brain synapse brain + synapse synapse

5. Koncentracja nikotyny w synapsach:

dc
synapse  __ k _

dt synapse brain synapse synapse

gdzie: C hung™ stezenie nikotyny w ptucach, C blooq — Stezenie nikotyny we krwi, C livey — StEZeNic

d

nikotyny w watrobie, C prain ~ StEZENIiC nikotyny w mozgu, C synapse stezenie nikotyny w synapsach,

Qp — przeptyw krwi przez ptuca, Qh — przeptyw krwi przez watrobe, Vp ,Vb, Vl — objetosci

kompartmentow: ptuca, krew, watroba, k — wspolezynnik dystrybucji nikotyny z krwi do innych

distrib

tkanek, kpe L wspotczynnik przenikania nikotyny z krwi do mozgu, kelim — szybkos¢ eliminacji

net

— stala metabolizmu nikotyny w watrobie, k — wspotczynnik

nikotyny z moéz
otyny ozgu, kmetab synapse

przejscia nikotyny miedzy mozgiem a synapsami, dose — dawka nikotyny dostarczona w jednej sesji.
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Modelowanie wykazato wyrazne réznice w profilu farmakokinetycznym migdzy badanymi
produktami (Rys. 5). Tradycyjne papierosy generowaly szybkie i ostre piki stgezenia nikotyny
w mozgu i krwi (Cmax: 15-20 ng/mL; Tmax: 5-15 min), typowe dla silnego efektu uzalezniajacego.
Dla e-papierosow obserwowano bardziej ptaskie, ale trwalsze profile stezenia (Cmax: 6—-10 ng/mL;
Tmax: 2-5 min), co moze $wiadczy¢ o innym mechanizmie rozwoju zaleznosci. W synapsach
warto$ci Cmax wynosity odpowiednio: 240 nM dla papierosow i 180 nM dla e-papieroséw (Tmax:
60-120 s 1 60—-150 s).

‘:-ﬂ'-ﬁ-_i’ﬂ.‘-nlll.l.ﬂ.
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Rys. 5 Zmiany stezenia nikotyny w wybranych kompartmentach (krew, mozg, synapsy) w ciagu 24
godzin, w zaleznosci od zrodta ekspozycji: e-papierosy (linia niebieska) i tradycyjne papierosy (linia
czerwona) [A2]

Wyniki PBPK zostaly rozszerzone o analiz¢ zmiennosci osobniczej przy uzyciu algorytmu
XGBoost, ktory wytrenowano na 1000 syntetycznych profili fizjologicznych. Modele osiagnety
ekstremalnie wysoka doktadno$¢ predykeji, z wartoscig wspotczynnika determinacji R? > 0,9998 we
wszystkich kompartmentach. Najwiekszy wplyw na dystrybucj¢ nikotyny wykazata przepuszczalnosé¢
bariery krew—mozg (k_penet), ze wspdtczynnikiem korelacji +0,901 dla moézgu 1 +0,916 dla synaps,
natomiast korelacja z poziomem nikotyny we krwi byta ujemna (—0,940). Pozostate znaczace cechy to
tempo metabolizmu watrobowego (k metab, korelacja ujemna), przeptyw ptucny oraz masa ciata
i historia palenia. W ramach walidacji modelu wykorzystano dane z literatury dotyczace
rzeczywistych warto$ci Cmax i Tmax po inhalacji nikotyny. Modele dobrze odwzorowywaty
rzeczywiste profile farmakokinetyczne (Rys. 6), osiagajac R* 0,788 (modzg), 0,867 (krew) i 0,899
(synapsy). Szacunkowa warto$§¢ stezenia nikotyny u przykladowej osoby (na podstawie
indywidualnych parametréw fizjologicznych) wynosita: 107,62 ng/mL w moézgu, 64,45 ng/mL we
krwi i 137,31 ng/mL w synapsach. Istotnym aspektem bylo takze wskazanie ograniczen przyjetych
zatozen. Modele PBPK zakladaja usrednione warto$ci parametrow fizjologicznych i standardowe
wzorce uzytkowania, podczas gdy w rzeczywisto$ci istnieje znaczna zmienno$¢ behawioralna (np.
gleboko$¢ zaciagniecia, czas inhalacji, moc urzadzenia). Ponadto model nie uwzglednia efektu innych
sktadnikow dymu tytoniowego lub aerozolu (np. aldehydow, aromatow), ktére moga modulowaé
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metabolizm nikotyny. Istnieje tez ograniczenie zwigzane z zalozeniami dotyczgcymi miejsc
wchtaniania: dla papieros6w dominuje dolny uktad oddechowy (pecherzyki ptucne), podczas gdy dla
e-papieroséw — goérne drogi oddechowe i jama ustna, co moze wplywaé na kinetyke pierwszego
przejscia.
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Rys. 6 Poréwnanie st¢zen nikotyny przewidywanych przez model PBPK z danymi rzeczywistymi
(literaturowymi) dla trzech kompartmentow: mozgu, krwi oraz synaps [A2]

Praca stanowi istotny wklad w zrozumienie r6znic farmakokinetycznych miedzy
alternatywnymi metodami dostarczania nikotyny. Wyniki te, generuja znaczace implikacje dla polityki
zdrowotnej 1 praktyki klinicznej. Pokazano, ze mimo braku produktéw spalania, e-papierosy moga
prowadzi¢ do dlugotrwalej ekspozycji na nikotyng, a wigc potencjalnie réwniez do rozwoju
uzaleznienia. Dzigki integracji modelowania PBPK i uczenia maszynowego mozliwe jest nie tylko
lepsze przewidywanie ekspozycji, ale rowniez tworzenie spersonalizowanych modeli ryzyka, co
stanowi istotny krok w kierunku precyzyjnej prewencji uzaleznien i polityki zdrowotne;.
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2.6. Fizjologicznie uwarunkowane modelowanie
farmakokinetyczne nikotyny [A3]

Kolejny artykut stanowi rozwinigcie pracy konferencyjnej, pt. “Comparative
Pharmacokinetics of Nicotine from E-Cigarettes and Traditional Cigarettes: A PBPK Modeling and
Machine Learning Approach”. W ramach przeprowadzonego badania podj¢to prob¢ modelowania
dynamiki  rozprzestrzeniania si¢ nikotyny w  organizmie =z zastosowaniem modelu
farmakokinetycznego PBPK (Physiologically Based Pharmacokinetic Modeling), uwzgledniajacego
procesy fizjologiczne. Celem pracy byta ocena réznic w profilu farmakokinetycznym nikotyny
dostarczanej za pomocg e-papierosow i papierosow tradycyjnych, z uwzglednieniem réznych stanow
zdrowotnych uzytkownikéw — w tym choréb ukladu krazenia, astmy oraz przewleklej obturacyjnej
choroby ptuc (POChP). Badanie miato charakter modelowy, lecz bazowato na rzeczywistych danych
eksperymentalnych i literaturowych, dotyczacych fizjologii oraz dystrybucji nikotyny.

Zaprojektowany model PBPK obejmowal dziewigé¢ kompartmentéow, odpowiadajacych
glownym tkankom zaangazowanym w metabolizm i dystrybucje nikotyny: phluca, krew tgtnicza
i zylng, watrobe, mozg, migsénie, nerki, tkanke thuszczowa oraz inne tkanki. Model oparto na
rownaniach rézniczkowych pierwszego rzgdu i przyjeto parametry fizjologiczne charakterystyczne
dla 0s6b zdrowych oraz chorych. Transport miedzy kompartmentami byt opisywany na podstawie
kinetyki ograniczonej perfuzjg, zgodnie z klasycznym podejsciem dla zwigzkoéw lipofilnych:

dclung — Dose(t) Qp ( -C )
dt 4 4 lung blood
P
dc Q Q
—blood _ _p. — — — — — —
dt v, (Clung Cblood) v, ( blood Cliver) kdistribcblood kpeneterlood + kelimerain

fat blood + release fat eliminbcblood

Metabolizm nikotyny zachodzil gtownie w watrobie, zgodnie z enzymatycznym mechanizmem
degradacji opisywanym réwnaniami kinetyki Michaelisa-Mentena:

Cliver h metabmaxcliver
—le = (€, - ) - lmmmele g C
dt v, blood liver K +C, distrib~ blood
deetabolites _ kmetabmaxcliver
dt T K +C,
m liver

Nikotyna przenikata przez bariere krew—mozg, gdzie akumulowata si¢ i ulegata powolnej eliminacji:

brain  __ _

e penetrcblood kelimcbrain
Rl c k c

dt ~ "fat blood " Mrelease fat

gdzie: C hung ~ stezenie nikotyny w ptucach, C — stezenie nikotyny we krwi (tgtniczej/zylnej),

blood

Cc liver stezenie nikotyny w watrobie, C brain stezenie nikotyny w mozgu, C fat stezenie nikotyny
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w tkance tluszczowej, C — stezenie metabolitéw nikotyny, Qp — przeptyw krwi przez phuca,

metabolites

Q W przeptyw krwi przez watrobe, Vp, Vb, Vz — objetosci kompartmentdéw: ptuca, krew, watroba,

distrib wspotczynnik dystrybucji nikotyny z krwi do tkanek, kpenetr — wspoélczynnik przenikania
nikotyny z krwi do modzgu, kelim — szybko$¢ eliminacji nikotyny z mozgu, keliminb — szybkos¢
eliminacji nikotyny z krwi obwodowej, k fat wspotczynnik odktadania nikotyny w tkance

— wspo6lczynnik uwalniania nikotyny z tkanki tluszczowej, kmembmax -

maksymalna szybko$¢ metabolizmu nikotyny w watrobie (parametr Michaelisa—Mentena), K o stata

thuszczowej, k
release

Michaelisa—Mentena, Dose(t) — dawka nikotyny w funkcji czasu, specyficzna dla typu produktu
(papieros, e-papieros).

Wprowadzono réwniez zmienne specyficzne dla rodzaju produktu nikotynowego, m.in. droge
podania, tempo wchtaniania, objetos¢ zaciggnigcia oraz biodostepnosé.

Wyniki modelowania wykazaty istotne réznice w dynamice st¢zenia nikotyny w zalezno$ci
od stanu zdrowia (Tabela 2). W warunkach prawidtowych stezenie nikotyny w osoczu w stanie
ustalonym (Css) dla papierosow tradycyjnych wynosito 7,01 ng/mL, a dla e-papierosow 4,08 ng/mL.
W przypadku pacjentéw z POChP i astma obserwowano zmniejszone tempo eliminacji, co
prowadzito do podwyzszonych stezen Css (np. 5,05 ng/mL dla e-papieroséw) oraz wydtuzonego t1/2.
U os6b z chorobami uktadu sercowo-naczyniowego zaobserwowano zwickszone stgzenie Css
w mozgu dla e-papierosow (16,32 ng/mL), co moze $wiadczy¢ o nasilonym narazeniu OUN
1 wyzszym ryzyku uzaleznienia.

Tabela 2. Podsumowanie farmakokinetyki nikotyny w réznych stanach zdrowia [A3]

Css Css Css we krwi Css we
. w moézgu | w mozgu krwi t1/2 (h) t1/2 (h)
Stan zdrowia (ng/mL) . .
(ng/mL) | (ng/mL) (E-papieros) (ng/mL) |(E-papieros) |(papieros)
(E-papieros) |(papieros) pap (papieros)
Osoba zdrowa 11,00 18,64 4,08 7,01 0,96 0,96
Choroba watroby 24,74 3,40 9,18 1,41 0,98 0,98
Choroba - 16,32 6,89 6,10 2,74 1,12 1,12
sercowo-naczyniowa

Otytos¢ 21,41 15,38 7,64 5,79 1,12 1,12
Choroba phuc 13,06 2,91 5,05 1,02 1,03 1,03
Choroby neurologiczne 4,69 9,52 0,98 2,02 1,33 1,34

Model zostat zweryfikowany na podstawie danych literaturowych i wykazat dobra zgodno$¢
z rzeczywistymi warto$ciami stgzen nikotyny w réznych kompartmentach, zaréwno dla e-papierosow,
jak 1 papierosow tradycyjnych. Zgodno$¢ ta byla szczegdlnie widoczna w pordwnaniach profili
czasowych stezenia w osoczu i mozgu, uwzgledniajacych rozne stany zdrowotne. W przeprowadzonej
analizie wrazliwo$ci wykazano, ze kluczowymi zmiennymi wplywajacymi na profil
farmakokinetyczny byly: przeptyw watrobowy, tempo metabolizmu watrobowego, przenikalnosé
bariery krew—mozg oraz zdolno§¢ magazynowania i uwalniania nikotyny w tkance thuszczowej. Warto
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podkresli¢, ze model oparto na populacyjnych parametrach fizjologicznych i nie uwzgledniono
indywidualnych réznic genetycznych w metabolizmie. Pominigto takze potencjalne interakcje
z innymi sktadnikami aerozolu (takimi jak aldehydy czy substancje aromatyczne), ktore moga
wptywac na biodostepnos¢ i metabolizm nikotyny. Dodatkowym ograniczeniem byla standaryzacja
schematu uzytkowania, ktory moze nie odzwierciedla¢ rzeczywistego narazenia wsrod intensywnych
lub okazjonalnych uzytkownikow.

Whioski z pracy wskazuja na ztozony wptyw stanu zdrowia na farmakokinetyke nikotyny
oraz na potrzebe indywidualizacji podejscia do oceny ryzyka zwigzanego z jej stosowaniem.
Uzyskane wyniki moga by¢ szczegodlnie uzyteczne przy projektowaniu strategii ograniczania szkod
oraz dla klinicystow, oceniajacych bezpieczenstwo stosowania e-papieroséw u pacjentdOw z chorobami
przewlektymi. Praca ukazuje potencjal modelowania PBPK jako narzedzia, wspomagajacego ocene
produktow nikotynowych w kontekscie zdrowia publicznego i decyzji regulacyjnych.

2.7.  Model obliczeniowy degradacji grzatki w e-papierosach:
symulacja procesoOw termicznych i1 materiatowych oraz ich
wplyw na zdrowie [A4]

W prezentowanej pracy zaproponowano i zaimplementowano numeryczny model degradacji
grzalki e-papierosa w warunkach rzeczywistego uzytkowania. Celem badania byto okreslenie, w jaki
sposob materiat grzatki (stop NiCr, Kanthal, stal nierdzewna, tytan), warunki przeptywu powietrza
1 moc zasilania wptywaja na charakterystyki termiczne, zmiany rezystancji oraz degradacje waty.
Analiz¢ przeprowadzono w konteks$cie potencjalnych zagrozen zdrowotnych wynikajacych z emis;ji
produktow rozktadu termicznego metali i nosnika cieczy. Model uwzglednial realistyczne cykle
uzytkowe: 3 sekundy nagrzewania oraz 2 sekundy chlodzenia, z rejestracja dynamicznych zmian
temperatury, rezystancji oraz integralnosci knota. Uwzgledniono zjawiska grzania oporowego
(Joule’a), chlodzenia konwekcyjnego oraz dryfu rezystancji pod wpltywem utleniania materiatu.
Zastosowano materialowo specyficzne wiasciwosci fizykochemiczne: opor wilasciwy, pojemnosc
cieplna, przewodno$¢ cieplng oraz charakterystyki kinetyki utleniania dla kazdego rodzaju grzatki.

Zestawienie wynikow wykazato istotne rdznice pomigdzy analizowanymi materiatami.
Najlepsza stabilno$¢ termiczng oraz minimalny dryf rezystancji wykazywat stop Nichrome (NiCr),
osiggajgc temperatury koncowe rzedu 64,2°C oraz rezystancj¢ koncowg 0,1541Q (Rys. 7). Wata
zachowywata w tych warunkach 99,76% integralnosci strukturalnej. Podobne parametry uzyskano dla
Kanthalu (69,1°C, 0,1523Q, 99,76% integralno$ci). Stal nierdzewna osiggata 66,6°C i 0,1565Q,
rowniez przy zachowanej integralno$ci. Najgorsze parametry uzyskano dla tytanu — w warunkach
niskiego przeptywu powietrza temperatura koncowa wynosita az 277,0°C, a rezystancja wzrastala do
0,2925Q (Rys. 8), co wskazuje na intensywng degradacj¢ zwigzang z utlenianiem. W tych warunkach
integracja waty spadta do 99,46%, co w kontekscie dlugoterminowego uzytkowania moze skutkowac
ostabieniem strukturalnym i zwigkszong emisjg czastek. Analiza porownawcza materialow wykazata,
ze przy wysokim przeplywie powietrza integralno$¢ utrzymywata si¢ na poziomie powyzej 99,7%
niezaleznie od materiatu, co wskazuje na krytyczng rol¢ chlodzenia konwekcyjnego w redukcji
degradacji termicznej. Symulacje potwierdzily, ze niski przeptyw powietrza skutkuje akumulacja
ciepta w grzalce 1 zwigkszong kinetyka utleniania, szczegélnie dla metali o nizszej stabilnosci
chemicznej, jak tytan.
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Rys. 7 Charakterystyki pracy grzalki z nichromu (NiCr) przy wysokim przeptywie powietrza:
temperatura (gora), rezystancja (§rodek) i integralno$¢ waty (dot) w funkcji czasu [A4]
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Rys. 8. Charakterystyki pracy grzatki tytanowej (Ti) przy niskim przeptywie powietrza: temperatura
(gora), rezystancja (Srodek) i integralnos¢ waty (dot) w funkeji czasu [A4]

Praca podkresla istotne znaczenie wyboru materiatu grzalki oraz parametrow uzytkowych
(przeptyw powietrza, cykl zasilania) w konteks$cie bezpieczenstwa uzytkownika. Degradacja grzatki
moze prowadzi¢ do emisji czastek metali oraz produktow rozkladu materiatlow organicznych (np.
bawelnianej waty), co wiaze si¢ z ryzykiem inhalacyjnym. Model stanowi uzyteczne narzedzie
predykcyjne w projektowaniu bezpieczniejszych e-papieroséw. Warto jednak zaznaczy¢ ograniczenia
przyjetego podejscia. Model nie uwzglednial chemicznego sktadu e-liquidu, oddziatywan miedzy
ciecza a materiatem grzatki, ani potencjalnego nagromadzenia zanieczyszczen na powierzchni
elementoéw. Ponadto symulacje dotyczyly izolowanych cykli pracy, bez modelowania dtugotrwatego
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starzenia si¢ urzgdzenia w skali tygodni czy miesiecy. Otrzymane rezultaty majg istotne znaczenie dla
inzynierii urzadzen nikotynowych oraz polityki regulacyjnej. Pokazano, ze poprzez wlasciwy dobor
materialow (np. stopow o niskiej podatnosci na utlenianie) oraz parametryzacj¢ chtodzenia, mozliwe
jest znaczne ograniczenie emisji toksycznych zwiazkow zwigzanych z degradacja termiczna, co
przektada si¢ na realne korzysci zdrowotne dla uzytkownikow.
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2.8.  Optymalizacja alternatyw rzucania palenia
z wykorzystaniem metody Multi-MOORA 1 narzedzi
opartych na sztucznej inteligencji [A5]

Celem tej publikacji bylo stworzenie hybrydowego modelu decyzyjnego, wspierajacego
wybor najbardziej optymalnych metod rzucania palenia, przy zastosowaniu zaawansowanych technik
sztucznej inteligencji oraz analizy wielokryterialnej Multi-MOORA (Multi-Objective Optimization on
Ratio Analysis). Model ten integrowal trzy rézne podejscia analityczne: sieci neuronowe (ANN),
regresj¢ grzbietowa (Ridge Regression, RR) oraz symulowane wyzarzanie (Simulated Annealing,
SA), w celu uzyskania stabilnych, odpornych na nadmierne dopasowanie i interpretowalnych wag dla
kluczowych kryteriow decyzyjnych. W badaniu oceniano trzy alternatywy: tradycyjne papierosy,
e-papierosy oraz stosowanie obu tych produktow. Analizowano je pod katem szesciu kryteriow:
wieku rozpoczgcia palenia, miesigcznych kosztow, emisji CO:, czasu spedzonego na paleniu, fatwosci
rzucenia oraz wplywu na zdrowie. Dane pochodzity z dwdéch zrodet: ankiety przeprowadzonej wsrod
100 uzytkownikow oraz dostepnych publicznie raportow zdrowotnych i s$rodowiskowych.
W pierwszym etapie zbudowano macierz decyzyjna, w ktorej kazda alternatywa zostata oceniona
wedlug powyzszych kryteriow. Nastepnie, dane zostaty znormalizowane wedtug charakteru kryterium
(maksymalizacyjnego lub minimalizacyjnego), a nastepnie przypisano im wagi. ANN pozwolita na
wychwycenie ztozonych wzorcow i nieliniowych zalezno$ci, RR zapewnita stabilno$¢ i odporno$¢ na
kolinearno$¢ danych, a SA umozliwila optymalizacje¢ rozktadu wag i uniknigcie lokalnych minimoéw.

Zastosowanie metody Multi-MOORA obejmowato trzy komponenty: system ilorazow, punkt
odniesienia (odleglos¢ euklidesowa) oraz petng posta¢ multiplikatywna. Dla kazdej alternatywy
wyliczono syntetyczny wynik, ktory stanowit podstawe rankingu. Model wskazatl jednoznacznie, ze
najlepsza alternatywa sa e-papierosy, ktore zajety pierwsze miejsce we wszystkich wersjach analizy
i iteracjach testu wrazliwosci. Drugie miejsce przypadto kombinacji tradycyjnych papieroséw
1 e-papierosow, natomiast najnizej oceniono tradycyjne papierosy. Taka hierarchia utrzymata si¢ takze
po przeprowadzeniu analizy czulosci, w ktorej kazdemu kryterium zmieniano wage o +10%, co
potwierdzito stabilno$¢ i odpornos¢ modelu na drobne zmiany parametrow. Wyniki pokazaty, ze
najwicksza wage przypisano kryterium wieku rozpoczgcia palenia (0,2431) oraz kosztom
miesiecznym (0,1621), natomiast mniejszg — wpltywowi na $rodowisko (0,1376). Finalne wagi
powstaty jako s$rednia z wartosci uzyskanych trzema metodami (Al, RR, SA) i sg przedstawione
w Tabeli 3.

Tabela 3. Wagi kryterioéw decyzyjnych i ranking alternatyw (Multi-MOORA) [A5]

Kryterium Waga

Wiek rozpoczgcia palenia 0,2431
Koszty miesigczne 0,1621
Emisja CO- 0,1376

Czas spgdzany na paleniu 0,1314
Latwo$¢ rzucenia 0,1272
Wplyw na zdrowie 0,1186
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Badanie stanowi wktad w rozwoj spersonalizowanego wspomagania decyzji w zdrowiu
publicznym, wskazujac, ze dzigki integracji Al i metod MCDA mozliwe jest obiektywne i przejrzyste
wspieranie decyzji opartej na wielu kryteriach — zarowno kosztowych, zdrowotnych, jak
i $rodowiskowych. Autorzy zauwazaja jednak ograniczenia: ograniczony zakres alternatyw (brak
terapii nikotynozastgpczych czy psychoterapii), uzycie danych samoopisowych, mozliwe btedy
w danych wtornych oraz ograniczona liczba respondentow. Pomimo tego, model moze by¢ rozwijany
w przysztych pracach przez dodanie kolejnych opcji terapeutycznych, uzupetienie danych o zmienne
demograficzne i kliniczne oraz zastosowanie w badaniach prospektywnych. Prezentowane podejscie
ma potencjal do implementacji, jako narzgdzie wspierajace kliniczne decyzje terapeutyczne oraz
budowanie polityki zdrowotnej, opartej na danych i sztucznej inteligencji.
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2.9. Modelowanie wptywu polityk kontroli tytoniu na
rozpowszechnienie palenia: dynamiczny =~ model
SIQ+P+E+H+X [A6]

Nastepna publikacja w cyklu badawczym stanowi odpowiedz na potrzeb¢ kompleksowego
modelowania populacyjnych skutkéw dlugofalowych interwencji polityki zdrowotnej w zakresie
kontroli palenia. W tym celu zaprojektowano i1 zaimplementowano zaawansowany model
przedzialowy typu SIQ+P+E+H+X, stanowigcy rozszerzenie klasycznego modelu SIR o dodatkowe
komponenty odzwierciedlajace specyfike aktualnej dynamiki nikotynowej. Uwzgledniono w nim nie
tylko klasyczne zmienne jak inicjacja, porzucenie i nawroty palenia, ale takze uzycie e-papieroséw,
ich potencjalna role w przejSciu do tradycyjnego palenia (efekt ,bramy”) oraz wptyw polityk
cenowych, edukacyjnych i regulacyjnych. Model zostat skalibrowany na danych empirycznych
z badan WHO, przegladéow Cochrane’a oraz danych krajowych — w tym dotyczacych trendow
inicjacji palenia i skutecznosci e-papieroséw w terapii substytucyjnej. Na podstawie tego modelu
przetestowano cztery scenariusze polityczne: brak nowych interwencji (scenariusz bazowy), wzrost
opodatkowania wyrobow tytoniowych, catkowity zakaz sprzedazy papieroséw oraz wzmocnione
kampanie antynikotynowe (Tabela 4).

Tabela 4. Przeglad scenariuszy polityki zdrowotnej i ich przewidywanych efektow [A6]

Scenariusz Opis polityki Kluczowe parametry Oczekiwany efekt
Brak nowych interwencji; Stopniowy spadek
Bazowy kontynuacja obecnych Brak zmian rozpowszechnienia
trendow palenia
. Mniel iniciacti wérod
Zwigkszone Wyzsze akcyzy na L n@ 1 el ac.]1 WSO
. . | Wskaznik inicjacji (B) | mtodziezy, umiarkowany
opodatkowanie papierosy . .
wzrost rzucania palenia
Wyzszy wskaznik
Ogolnokrajowe kampanie rzucania i mniejszy

Silniejsze kampanie 1 Wskaznik rzucania (y),

medialne, edukacja, odsetek nawrotéw we

tynik . . N ot .

antynikotynowe dziatania spoteczne | Nawrdt (o) wszystkich grupach

wiekowych
. Szybka eliminacja

. Catk k . . .
Catkowity zakaz 4 oYv1ty “ a’z B =0, T Wskaznik palenia; potencjalny rynek
. . , sprzedazy wyrobow i i
sprzedazy papieroséw . rzucania (y) nielegalny
tytoniowych . .
nieuwzgledniony

Wyniki symulacji jednoznacznie wykazaty, ze najbardziej efektywnym podejsciem — przy
zatozeniu jego wykonalnosci — bylby catkowity zakaz sprzedazy papieroséw, prowadzacy do spadku
ich uzycia o 93.6% w horyzoncie 200 lat, wzrostu wskaznikow rzucania palenia o 50% oraz
catkowitej eliminacji nowych inicjacji. Druga najskuteczniejsza strategia okazaly sie kampanie
informacyjne i1 edukacyjne, redukujace rozpowszechnienie palenia o 55%, a trzecig — podniesienie
podatkow, skutkujace redukcja o 25.6% (Rysunek 9). Analiza czuto$ci modelu ujawnita najwigksza
podatnos¢ wynikéw na zmiany parametrow takich jak skuteczno$¢ kampanii (y) i wpltyw podatkow
(1), co dowodzi ich kluczowej roli jako dzwigni politycznych.

35



Smoking Prevalence Dver Time Under Different Folicies

100k
ik
£
e
c Gif
.
;
=]
£ a0
E R-«.
20} ““‘x\
Blarsnbivg | s Mow Polda-s|
Ipcrdsed Taxaiion
— R O A D ST O e
O —— Tgtal Bas o6 Cigeette Goles

L 25 il 75 10k 125 150 200
Time [yeard]

Rys. 9 Rozpowszechnienie palenia w populacji na przestrzeni 200 lat [A6]

Szczegdlng innowacja modelu bylo wprowadzenie przedziatu ,,E” — uzytkownikow
e-papierosow — oraz uwzglednienie ich dwuznacznej roli: jako narzedzia redukcji szkod wsrod
palaczy oraz jako potencjalnego zagrozenia dla mtodziezy (efekt ,,gateway”). Model wykazat, ze przy
obecnym poziomie uzycia e-papierosow wsrod milodziezy (ponad 22% w Polsce w 2022 r.)
i relatywnie wysokim ryzyku przej$cia do palenia tradycyjnego (wskaznik p) konieczne sa regulacje
ograniczajace dostep do ENDS w tej grupie wiekowej. W odroznieniu od klasycznych modeli, takich
jak SimSmoke, opracowany model SIQ+P+E+H+X integruje skutki e-papierosow bez traktowania ich
jako czynnik egzogenny, umozliwiajac realistyczne odwzorowanie scenariuszy przysztos$ci rynku
nikotynowego. W publikacji szczegdétowo poréwnano takze inne modele populacyjne (np. model
toskanski Lachi et al., model systemowy Camacho et al.), wskazujac, ze cho¢ stanowia one cenne
uzupeltnienie, brak im kompleksowosci 1 integracji wielu strategii regulacyjnych.

Wnhioski z pracy maja znaczenie praktyczne dla planowania strategii zdrowia publicznego.
Model wskazuje, ze potaczenie interwencji fiskalnych i edukacyjnych moze znaczaco przyspieszy¢
spadek palenia. Rownoczes$nie autorzy uczulaja na ograniczenia modelu — m.in. brak uwzglednienia
rynku nielegalnego czy lokalnych zjawisk spotecznych (np. efektow sieci rowiesniczych), sugerujac
rozwoj modeli agentowych w przysztosci.
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2.10. Wpykorzystanie = modelu = Markowa do  symulacji
uzaleznienia od nikotyny oraz skutecznosci nikotynowe]
terapii zastepczej (NRT) [A7]

W niniejszym badaniu opracowano symulacyjny model tancucha Markowa pierwszego rzedu,
shuzacy do analizy dynamiki uzaleznienia nikotynowego oraz skutecznosci terapii nikotynozastepczej
(NRT). Celem byto oszacowanie czasu trwania uzaleznienia oraz prawdopodobienstwa zaprzestania
palenia w réznych grupach uzytkownikow — zaré6wno tradycyjnych papierosow, jak i e-papierosow —
przy uwzglednieniu trzech scenariuszy interwencji: brak terapii, stosowanie gum nikotynowych oraz
plastrow nikotynowych. Model uwzgledniat pie¢ standow: brak kontaktu z nikotyna, pierwsze proby,
faza eksperymentowania, uzaleznienie oraz rzucenie palenia. Prawdopodobienstwa przejs¢ pomiedzy
stanami zaczerpni¢to z aktualnych danych epidemiologicznych (m.in. NESARC), co umozliwito
realistyczne odwzorowanie przebiegu uzaleznienia. Macierz przejS¢ zostata zdefiniowana dla
rocznych krokéw czasowych i zastosowana do symulacji rozwoju uzaleznienia w horyzoncie 20 lat.

Wyniki symulacji wykazaty, ze uzytkownicy e-papieroséw spedzaja istotnie mniej czasu
W stanie uzaleznienia niz palacze tradycyjni — Srednio 27,77 lat vs. 57,65 lat bez zastosowania terapii.
Wprowadzenie terapii zastgpczej prowadzito do znaczacej redukcji tego czasu, przy czym plastry
nikotynowe byly skuteczniejsze niz gumy (efektywnos$¢ odpowiednio: 13,83% vs. 6,56%). Dla
uzytkownikow e-papierosow terapia z uzyciem plastrow skracata czas trwania uzaleznienia do 21,46
lat, a dla uzytkownikéw tradycyjnych papieroséw — do 46,48 lat (Rys. 10). Model potwierdzil, ze
nawet przy umiarkowanej skutecznosci, NRT moze istotnie skroci¢ czas ekspozycji na uzaleznienie,
zwigkszajac prawdopodobienstwo skutecznego rzucenia palenia. Wyniki te sg zgodne z literatura,
potwierdzajac wyzszg efektywnos$¢ plastrow wzgledem gum, co jest zgodne z danymi
biochemicznymi (np. stabilniejsze stezenie kotyniny w $linie). Wazna cechg modelu byto rozrdznienie
dynamiki uzaleznienia migdzy uzytkownikami papieroséw tradycyjnych a e-papieroséw, co stanowi
nowatorski wktad w modelowanie populacyjne. Uwzgledniono takze biologiczne podstawy
uzaleznienia i wptyw NRT na stabilizacje¢ stezen nikotyny, co zwicksza wiarygodnos$¢ wynikow.
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Rys. 10 Wyniki symulacji uzaleznienia i skutecznosci terapii nikotynozastepczej (NRT) na podstawie
modelu tancucha Markowa pierwszego rzgdu [A7]

Do ograniczen pracy nalezy zaliczy¢ stosunkowo uproszczong struktur¢ modelu (np. brak
rozroznienia na wiek, pte¢, inne uwarunkowania spoteczno-demograficzne), brak modelowania
wsparcia behawioralnego oraz przyjecie statych efektywnosci terapii bez indywidualizacji. Autorzy
wskazuja jednak, ze podejScie to moze zostaé rozwinigte w przysztosci w kierunku modeli
agentowych lub uzupelnione o komponenty kosztowo-ekonomiczne. Z punktu widzenia zdrowia
publicznego, wyniki potwierdzaja skutecznos$¢ interwencji farmakologicznych w ograniczaniu skali
uzaleznienia nikotynowego i moga stanowi¢ podstawe do dalszej optymalizacji programow rzucania
palenia. W szczegoélnosci — model moze stuzy¢ do personalizacji terapii i szacowania jej
dlugofalowych efektow w r6znych subpopulacjach uzytkownikow.
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2.11. Analiza demograficznych, rodzinnych 1 spotecznych
determinant zachowan palaczy z wykorzystaniem metod
uczenia maszynowego [AS]

Celem niniejszego badania byto zidentyfikowanie kluczowych czynnikéw demograficznych,
rodzinnych i spotecznych, wptywajacych na zachowania zwigzane z paleniem tytoniu, zaré6wno
tradycyjnego, jak i elektronicznego, oraz ocena ich wptywu na dynamike uzaleznienia i relacje
rodzinne. Wykorzystano metody uczenia maszynowego do analizy danych zebranych od 100
uczestnikow, co pozwolito na stworzenie modeli predykcyjnych dotyczacych wptywu palenia na
relacje rodzinne. Badanie przeprowadzono w formie przekrojowego sondazu online, w ktorym
uczestnicy wypelniali anonimowy kwestionariusz sktadajacy si¢ z trzech sekcji: danych
demograficznych, nawykéw zwigzanych z paleniem oraz dynamiki rodzinnej. Wykorzystano
zwalidowane narzedzia, takie jak Penn State Electronic Cigarette Dependence Index (PSECDI) do
oceny poziomu uzaleznienia oraz Family Relationship Assessment Scale (FRAS) do oceny relacji
rodzinnych (Tabela 5). Kwestionariusz zostatl przethumaczony na jezyk polski metodg ttumaczenia
zwrotnego, aby zapewni¢ jego rzetelnos¢ i trafthos¢. Dane analizowano przy uzyciu réznych technik
statystycznych, w tym testow chi-kwadrat, analizy wariancji (ANOVA) oraz korelacji rang
Spearmana, w celu zidentyfikowania istotnych zalezno$ci miedzy zmiennymi. Nastgpnie zastosowano
algorytmy uczenia maszynowego, takie jak drzewa decyzyjne, maszyny wektoréw nosnych (SVM),
k-najblizszych sgsiadow (k-NN) oraz modele zespotowe (ensemble learning), aby przewidzie¢
postrzegany wpltyw palenia na relacje rodzinne. Modele oceniano pod wzgledem doktadnosci i strat,
wykorzystujac walidacje krzyzowa z podziatem na k-folds.

Tabela 5. Poréwnanie wskaznikow relacji rodzinnych (FRAC) i poziomu uzaleznienia od nikotyny
(PSECDI) w zaleznosci od typu palenia [A8]

. . . Tradycyj .
Kategoria Wskaznik E-papierosy N ?’CY]HC Uzytkownicy obu
papierosy
Wsparcie w
. . 4,22 3,5 3,67
rodzinie ($rednia)
FRAC Konﬂlrkty r9d21nne 1.81 5 1.89
($rednia)
Spt;dzan,le czgsu 3.26 312 283
razem ($rednia)
Brak uzaleznienia
0 4,76 0
(o) ’
Niskie
. 21,05 33,33 16,67
uzaleznienie (%)
PSECDI Uml.arkovaane 31,58 19,05 3333
uzaleznienie (%)
Wysokie
47,37 42,86 50
uzaleznienie (%) ’ ’
Sredni wynik 13,11 12,05 13,5
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Analiza statystyczna wykazata, ze uzytkownicy e-papierosow zglaszali wyzszy poziom
wsparcia rodzinnego i mniejsze konflikty w poréwnaniu do palaczy tradycyjnych i uzytkownikéw obu
typdw papieroséw. Jednakze, uzytkownicy e-papierosow wykazywali rowniez wyzszy poziom
uzaleznienia nikotynowego, co sugeruje, ze mimo lepszych relacji rodzinnych, ryzyko uzaleznienia
pozostaje istotne. W celu eksploracyjnego zrozumienia struktury danych zastosowano analizg
glownych skladowych (PCA). Poczatkowa projekcja PCA na podstawie wszystkich zmiennych
demograficznych, rodzinnych i behawioralnych wykazata znaczne nakladanie si¢ klas, co
potwierdzito ztozonos$¢ i niska separowalno$¢ danych. W dalszej analizie przeprowadzono PCA
wylacznie na sze$ciu najbardziej dyskryminujacych zmiennych, wybranych na podstawie testu
ANOVA F. Wyniki tej analizy (Rys. 11) ukazaty wyrazniejsze klastry, szczegdlnie w przypadkach
skrajnych wartosci, co potwierdzito potencjat modeli nadzorowanych w dalszej klasyfikacji.
Projektowanie przestrzeni o zmniejszonej wymiarowosci pozwolito rowniez na potwierdzenie
wysokiej wartosci predykcyjnej zmiennych opisujacych postrzegany wplyw palenia na relacje
rodzinne. Analiza PCA byla zgodna z pdzniejsza analiza wazno$ci cech w modelach uczenia
maszynowego i dodatkowo uzasadnita wybor konkretnych predyktorow.

PCA Using Top Discriminative Features

Pancamded Impasct an Family
Clearty harmful impact
He noticeable ot

& o Pasitve Impact

Slightly rogative impact

Principal Componsnl 2

_

=5 = ~1 0 1 ' 3 4
Frincipal Component 1

Rys. 11 Projekcja analizy gtéwnych sktadowych (PCA) wykonana na podstawie sze$ciu
najistotniejszych zmiennych wejsciowych [A8]

Aby oceni¢, ktore zmienne miaty najwigkszy wplyw na skuteczno$¢ predykceji, przeprowadzono
porownanie waznosci cech w czterech modelach. Niezaleznie od zastosowanej metody, we
wszystkich przypadkach najwicksze znaczenie przypisano zmiennej, opisujacej wpltyw palenia na
relacje rodzinne. W dalszej kolejnosci pojawiaty si¢ m.in. konflikty rodzinne, wiek badanych oraz
obecnos¢ palaczy w rodzinie. Cho¢ poszczegdlne modele r6znily si¢ pod wzgledem szczegdtowych

40



warto$ci, ogdlna kolejnos$¢ najistotniejszych cech pozostawata spdjna. Pordwnanie najwazniejszych
predyktoréw przedstawiono w Tabeli 6.

Tabela 6. Porownanie waznosci cech (znormalizowane warto$ci) w modelach uczenia maszynowego

[A8]
Cecha Drzewo decyzyjne Ensemble SVM k-NN
Ple¢ 0 0,0085 0 0
Wick 0 0 0,0167 0
Czy palisz 0 0 0 0
Czgstos¢ palenia 0 0,0023 0 0
Wiek rozpoczgcia 0 0,0031 0,0067 0
palenia
Palacy czi.onkow1e 0 0 0,0133 0
rodziny
Konflikty rodzinne
0,0381 0 0 0,008
(FRAC) ’ ’
Wplyw pal.ema na 0.1875 0,1459 0,1867 0,2433
relacje
Akceptfic.]a w 0 0 0 0
rodzinie

Modele uczenia maszynowego osiagnely wysoka doktadno$¢ w przewidywaniu wpltywu
palenia na relacje rodzinne (Tabela 7), przy czym model zespolowy osiggnat najwyzsza doktadnos¢ na
poziomie 93,33%, przewyzszajac inne modele, takie jak k-NN (90,00%), drzewa decyzyjne (83,33%)
i SVM (80,00%). Analiza waznos$ci cech wykazala, ze zmienne zwigzane z postrzeganym wptywem

palenia na relacje rodzinne miaty najwickszy wptyw na doktadnos¢ modeli predykcyjnych.

Tabela 7. Ocena skuteczno$ci modeli uczenia maszynowego [A8]

Model

Dokladno$é

Precyzja

Czutos¢

Miara F1

Drzewo decyzyjne

83,33%

0,79

0,7

0,74

Metoda
grupowania
(Ensemble
learning)

93,33%

0,91

0,91

0,91

Maszyna
wektorow nosnych
(SVM)

80,00%

0,6

0,75

0,67

Metoda
k-najblizszych
sasiadow (k-NN)

90,00%

0,9

0,82

0,86

41



Gléwnym ograniczeniem badania byta stosunkowo niewielka liczba uczestnikow (100 osob),
co moze wplywa¢ na uogodlnienie wynikOw na szersza populacje. Ponadto, wykorzystanie
kwestionariuszy do samodzielnego wypelnienia moze wprowadzac stronniczo$¢ (bias) zwigzang
z subiektywng oceng uczestnikow. Mimo to, wyniki podkreslajg znaczenie relacji rodzinnych
w kontekscie zachowan zwigzanych z paleniem i sugeruja, ze interwencje zdrowia publicznego
powinny uwzglednia¢ te aspekty. Zastosowanie metod uczenia maszynowego w analizie zachowan
zdrowotnych, otwiera nowe mozliwosci w identyfikacji oso6b o podwyzszonym ryzyku uzaleznienia
oraz w tworzeniu spersonalizowanych programéw interwencyjnych. Przyszte badania powinny skupic¢
si¢ na zwigkszeniu liczby uczestnikdw oraz uwzglednieniu dodatkowych zmiennych, takich jak status
spoteczno-ekonomiczny, poziom stresu czy wsparcie spoteczne, aby lepiej zrozumie¢ zlozono$¢
zachowan zwigzanych z paleniem.
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2.12.

Sktad ciata 1 profile metaboliczne u mtodych dorostych:

badanie przekrojowe poroéwnujace osoby uzywajgce
e-papierosOw, palace papierosy tradycyjne oraz osoby,
ktore nigdy nie stosowaty wyrobow nikotynowych [A9]

Celem tej pracy byla ocena wplywu regularnego uzywania e-papieroséw na wybrane
parametry metaboliczne i1 skladu ciala u zdrowych, mtodych dorostych. W przeciwienstwie do
wigkszosci badan, koncentrujacych si¢ na uktadzie oddechowym i sercowo-naczyniowym, niniejsze
badanie skupito si¢ na mniej zbadanym obszarze: zmianach w strukturze ciata oraz parametrach
powiazanych z metabolizmem, takich jak zawarto$¢ wody catkowitej, masa bezttuszczowa czy wiek
metaboliczny. W badaniu wziety udziat trzy grupy uczestnikéw (N = 120, 20 os6b w kazdej z grup):
osoby niepalace (kontrolne), uzytkownicy e-papierosoéw oraz palacze tradycyjnych papierosow.
Charaktrystyka badanych widoczna jest Tabeli 8. Zastosowano analiz¢ impedancji bioelektrycznej
(BIA) przy uzyciu wieloczestotliwosciowego analizatora medycznego klasy diagnostycznej. Pomiary
obejmowaty: mas¢ mi¢$niowa, catkowita wode ustrojowa (TBW), zawartos$¢ tkanki thuszczowej, wiek
metaboliczny, indeks masy ciata (BMI) oraz zawarto$¢ thuszczu trzewnego.

Tabela 8. Charakterystyka uczestnikow badan [A9]

—
. WSZyS?y Palacze tytoniu Uzyt .ownlrcy Osoby niepalace
Zmienna uczestnicy (n=20) e-papierosdw (n=20)
(N = 60) (n = 20)
Wick (lata) 22,0 [2,25] 22,0 [2,25] 20,5 3,0] 22,0 [1,75]
Wzrost (cm) 173,5 [16,25] 176,5 [8,0] 170,0 [12,25] 171,5 [20,75]
Masa ciata (kg) | 65,35 [13,35] 68,75 [20,15] 65,35 [4,8] 62,1 [21,08]
BMI (kg/m?) 22,3 [3,55] 22,05 [4,62] 23,4 [1,33] 21,05 [3,2]
Tkanka tt
anka ((;‘)Szczowa 15,35 [5,87] 12,95 [7,17] 16,35 [4,32] 11,2 [5,15]
1]
Thuszez trzewny
2,02 2,022 2,02 1,01
o 012.0] 012,25] 012,0) 071.0)
asa r(nklg)smowa 47,35 [17,7] 52,25 [15,88] 46,6 [10,2] 45,75 [20,67)
Calkowita woda
32,1 [13,12 9,7 [14,9 31,05 [6,1 30,85 [14,55
W orgmimmie oy | 3213121 | 3971149) 0516,1] 85 [14,55]
Wiek metaboliczny| ¢ 13 55 23,5 [17,0] 23,5 [13,0] 15,5 [5,5]
(lata)
VS
¢ ?(f)zczyzm 15 (41,7%) 7 (58,3%) 2 (16,7%) 5 (41,7%)
0
Ple¢ — kobiety (%) | 21 (58,3%) 5 (41,7%) 10 (83,3%) 7 (58,3%)

Wyniki wykazaly, ze uzytkownicy e-papierosow mieli istotnie wyzszy poziom wiek
metabolicznego ($rednio +3,6 roku wzgledem wieku rzeczywistego) w pordwnaniu do grupy
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kontrolnej ($rednio -1,1 roku). Roznica ta byla statystycznie istotna (p < 0,01) i sugeruje zaburzenia
w metabolizmie bazalnym, ktére moga wigza¢ si¢ z przewlekla ekspozycja na nikotyne lub inne
zwigzki chemiczne zawarte w aerozolu (Tabela 9). Grupa palaczy tradycyjnych rowniez wykazywala
podwyzszony wiek metaboliczny, jednak réznice byly mniej wyrazne niz w grupie e-papierosow, co
moze wskazywac¢ na rozny mechanizm dzialania. Zawarto$¢ wody calkowitej i masa mi¢sniowa byty
istotnie nizsze u uzytkownikoéw e-papieroséw w poréwnaniu do grupy kontrolnej (Srednia TBW:
50,3% vs. 54,7%, p < 0,05), co moze odzwierciedla¢c mikropozomowe odwodnienie lub przewlekta
aktywacje osi stresu. Wartosci BMI i thuszczu trzewnego nie réznily sie istotnie migdzy grupami,
jednak wskaznik segmentalnej masy mie$niowej byl nizszy u osob stosujacych ENDS, co moze
wskazywa¢ na subtelne zmiany w homeostazie metabolicznej i potencjalnie ostabiony profil
anaboliczny. Zastosowano analize¢ regresji wielozmiennowej kontrolujaca czynniki zaklocajace, takie
jak pte¢, poziom aktywnosci fizycznej oraz nawyki zywieniowe. Rowniez w tej analizie status
uzytkownika e-papierosOw pozostawat istotnym predyktorem wyzszego wieku metabolicznego
i obnizonej masy beztluszczowej (p < 0,05). Dodatkowo, przeprowadzono analize korelacji miedzy
wybranymi zmiennymi stylu zycia (czas siedzenia, spozycie kawy, napojow energetycznych)
a parametrami metabolicznymi. Nie stwierdzono istotnych zalezno$ci miedzy czasem siedzenia
a BMI, wiekiem metabolicznym, BMR czy procentowa zawartoscig tkanki ttuszczowej. Podobnie,
spozycie kawy nie korelowato istotnie z zadnym z analizowanych parametréw. Natomiast regularne
spozywanie napojow energetycznych wykazato dodatnie, istotne statystycznie korelacje z BMI (r =
0,49; p = 0,0025), wiekiem metabolicznym (r = 0,61; p = 0,0001) oraz zawartoscia tkanki thuszczowe;j
(r=0,65; p<0,0001), co sugeruje potencjalny zwigzek z niekorzystnym profilem metabolicznym.

Tabela 9. Poréwnania migdzy grupami uzytkownikoéw tytoniu i e-papierosow dla zmiennych ciagtych
(testy nieparametryczne) [A9]

Zmienna p (Kruskal-Wallis) kii;i:;ngzlaf;ﬁzﬁzg) Istotnos¢
Wiek metaboliczny 0,0429 Nie;])aa;g i@izoiyo\:g'z 48) istotna
Tkanka thuszczowa (%) 0,0203 Nie;]::a_lz E::I;izoiyojlg 1 27) istotna
BMI 0,0295 Nieig il;i‘(’;"fyofg 199) istotna
Wiek chronologiczny 0,0721 Niell)za;lz ?;izr)oiyofg.g 38) trend
ngzg;fyziigﬁw 0,0007 Nie;i-lzzfzigojy(),vosén); istotna
vs. Palacze (p = 0,0480)

W czgéci eksploracyjnej wykorzystano nadzorowane modele uczenia maszynowego do
klasyfikacji uczestnikow ze wzgledu na status palenia. Pierwotny model drzewa decyzyjnego,
zbudowany na pelnym zbiorze cech, osiggnat umiarkowang trafnos¢ klasyfikacji (50,0%). Po
ograniczeniu liczby cech do o$miu najistotniejszych (m.in. wiek metaboliczny, BMI, tkanka
thuszczowa), doktadno$¢ wzrosta do 66,67%. Zastosowanie alternatywnych modeli (Random Forest —
61,1%; k-NN — 72,22%) wskazalo, ze klasyfikator k-NN wykazuje najwigksza skuteczno$¢
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w odréznianiu palaczy od osob niepalacych w tej populacji. Analiza waznosci cech w modelach
potwierdzita kluczowe znaczenie wskaznikow metabolicznych jako predyktoréw statusu palenia.

Pomimo ograniczen, takich jak przekrojowy charakter badania i opieranie si¢ na danych
samoopisowych (np. aktywno$¢ fizyczna), dane wskazuja, ze e-papierosy moga wplywaé na
funkcjonowanie metaboliczne organizmu, nawet u milodych, zdrowych osoéb. Autorzy postuluja
potrzebg dlugoterminowych badan prospektywnych z wykorzystaniem markeréw biochemicznych
oraz metod obrazowania skladu ciata w celu potwierdzenia i poglebienia uzyskanych wynikow.
Badanie to poszerza dotychczasowe spojrzenie na skutki stosowania ENDS, pokazujac, ze
oddzialywanie to nie ogranicza si¢ wylacznie do uktadu oddechowego, lecz moze rowniez wpltywaé
na regulacj¢ masy ciata, bilans ptynow i procesy starzenia metabolicznego.
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2.13. Kontrola postawy 1 zmian chodu u mitodych dorostych
uzytkownikéw tytoniu 1 e-papierosOw: poroOwnawcza
analiza stabilometryczna i badania na biezni [A10]

W ramach niniejszego badania podj¢to si¢ poréwnania parametréw kontroli posturalne;
i chodu u trzech grup mtodych dorostych: uzytkownikow e-papierosow (ECIG), palaczy tradycyjnych
papierosow (CIG) oraz osob niepalacych (NS). Motywacja do przeprowadzenia analizy byla
obserwacja rosnacej popularnosci e-papieroséw oraz brak jednoznacznych danych dotyczacych ich
wplywu na funkcje biomechaniczne. Postawiono hipoteze, ze chroniczne stosowanie produktow
zawierajacych nikotyne, niezaleznie od ich formy, moze wpltywaé negatywnie na parametry
rownowagi 1 chodu, ktore sg czulymi wskaznikami funkcjonowania uktadu nerwowo-mig$niowego.
Badanie miato charakter przekrojowy i objeto 60 zdrowych uczestnikow ($redni wiek 21,3 + 1,7
roku). Kazda grupa liczyta po 20 oséb. Kwalifikacja do grup odbywata si¢ na podstawie
samoopisowych deklaracji dotyczacych stylu zycia i nawykéw nikotynowych, a kryterium wiaczenia
obejmowato co najmniej 6-miesigczny staz regularnego uzywania danego produktu (papieroséw
tradycyjnych Iub e-papierosow) lub catkowity brak ekspozycji w grupie kontrolnej. Kryteria
wykluczenia obejmowaly m.in. zaburzenia neurologiczne, ortopedyczne, réwnowagi, a takze
intensywne uprawianie sportu lub przyjmowanie lekow wptywajacych na osrodkowy uktad nerwowy.
Pomiar stabilnosci posturalnej wykonano przy uzyciu platformy Zebris FDM-T System (Zebris
Medical GmbH, Niemcy). Uczestnicy stali boso na platformie przez 30 sekund, w dwoch warunkach:
z otwartymi (EO) oraz zamknigtymi oczami (EC). Zarejestrowano podstawowe wskazniki
stabilometrii: dhugos$¢ Sciezki przemieszczenia $srodka nacisku (COP path length), predkos¢ COP
(COP velocity) oraz powierzchnig elipsy 95% (COP area).

W warunku EO, grupa CIG wykazata najdhuzsza sciezke COP (42,27 + 4,99 cm), istotnie
dtuzsza niz grupa NS (38,22 £ 3,89 cm; p = 0,025). Uzytkownicy e-papieroséw osiagneli wartosé
posrednig (41,24 £+ 4,50 cm), ktora nie roznila si¢ istotnie od pozostatych grup. W warunku EC efekt
ten byt jeszcze wyrazniejszy: CIG (46,47 + 5,44 cm) vs. NS (41,43 £4,23 cm; p = 0,018), natomiast
grupa ECIG osiagneta 44,18 + 4,63 cm. Wyniki te wskazujg na wyrazne pogorszenie kontroli
posturalnej u palaczy tradycyjnych oraz mozliwe wczesne zmiany u uzytkownikdéw e-papierosow,
szczegblnie widoczne w warunkach braku kompensacji wzrokowej. Analiza parametrow chodu, takze
wykonana przy uzyciu platformy Zebris FDM-T, wykazata istotnie nizszg dtugos¢ kroku w grupie
CIG (70,12 = 3,52 cm) w porownaniu do NS (74,24 + 4,25 cm; p = 0,003), podczas gdy ECIG
uzyskata warto$¢ posrednia (71,69 = 3,97 cm), nieodbiegajaca istotnie od pozostatych. Rowniez
predkos¢ chodu byta najnizsza u palaczy tradycyjnych (1,18 &+ 0,08 m/s) w porownaniu do NS (1,26 +
0,09 m/s; p = 0,022), a grupa ECIG plasowala si¢ pomigdzy nimi (1,22 £+ 0,10 m/s). W parametrach
czasu kontaktu stopy z podtozem i fazy przetoczenia nie odnotowano istotnych roéznic miedzy
grupami. Tabela 10 przedstawia wyniki poroéwnan post-hoc pomigdzy grupami dla wybranych
parametrow biomechanicznych.

Tabela 10. Porownania post-hoc pomigdzy parami grup dla wszystkich warunkow. Myslniki (=)
oznaczajg, ze porownanie nie nalezato do najnizszych wartosci p [A10]

Zmienna Test NS vs ECIG NS vs CIG ECIG vs CIG
Wskaznik masy .
ciala (BMI) Kruskala-Wallisa 0,001 0,323 0,218
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Sita pod przednia
czescig stopy lewej ANOVA 0,474 0,037 0,051
N)

Sita pod tylng
czescig stopy lewej ANOVA 0,389 0,033 0,098
(N)

Czas trwania cyklu
chodu (s)

Kruskala-Wallisa 0,012 - 0,282

Maksymalna sita —
przednia czesé Kruskala-Wallisa 0,047 — 0,138
stopy lewej (N)

Maksymalna sita —
przednia czes¢ Kruskala-Wallisa 0,055 - 0,148
stopy prawej (N)

Maksymalne
obcigzenie — pigta | Kruskala-Wallisa — 0,042 0,091
lewa (N)

Maksymalne
obcigzenie — pigta | Kruskala-Wallisa 0,023 0,071 -
prawa (N)

Srednia dhugo$é

ANOVA 0,005 0,153 0,072
kroku (cm) v ’ ’ ’

Srednie
maksymalne
obcigzenie — Kruskala-Wallisa 0,047 — 0,138

przednia czes¢
stopy lewej (N)

Dhugosc¢ kroku
(prawa noga, cm)

ANOVA 0,003 0,123 0,256

Dodatkowo, w celu identyfikacji najistotniejszych cech réznicujacych grupy uzytkownikow,
zastosowano algorytm ReliefF, ktory pozwala na ocene waznosci zmiennych w kontekscie
klasyfikacji. Nastgpnie wykorzystano klasyfikatory nadzorowane — w tym drzewa decyzyjne,
maszyn¢ wektorow nosnych (SVM), k-najblizszych sgsiadow (k-NN) oraz regresj¢ logistyczng — do
rozroznienia pomigdzy grupami na podstawie wybranych cech biomechanicznych. Najwyzsza
skutecznos¢ (doktadnos¢ 82,8%) osiagnigto przy zastosowaniu regresji logistycznej w rozrdznianiu
niepalgcych od uzytkownikéw e-papierosow (Tabela 11). Dodatkowo, analiza gtéwnych sktadowych
(PCA) oraz macierze pomytek potwierdzily zdolnos$¢ tych modeli do wychwycenia subtelnych rdznic
w parametrach posturalnych i chodu, ktére nie byly jednoznacznie widoczne w tradycyjnych
analizach statystycznych.
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Tabela 11. Doktadnos$¢ klasyfikacji dla par grup i modeli (5-krotna walidacja krzyzowa) [A10]

Grupa 1 Grupa 2 Model Doktadnos¢

Drzewo decyzyjne 0,393
Pal tradveyini SVM (liniowy) 0,571

Niepalacy (NS) alacze tradycyjni
(CIG) k-NN (k=5) 0,536
Regresja logistyczna 0,536
Drzewo decyzyjne 0,621
) Uzvtkowni SVM (liniowy) 0,793

Niepalacy (NS) Z Y (?wnlcy

e-papierosow (ECIG) k-NN (k=5) 0,552
Regresja logistyczna 0,828
Drzewo decyzyjne 0,37
Palacze tradycyjni Uzytkownicy SVM (liniowy) 0,481
(CIG) e-papierosow (ECIG) k-NN (k=5) 0,444
Regresja logistyczna 0,519

Dane wskazuja na zaburzenia w biomechanice chodu i stabilno$ci posturalnej u palaczy
tradycyjnych, przy czym uzytkownicy e-papierosow wykazuja warto$ci posrednie, sugerujace
mozliwo$¢  wystgpowania efektow  subklinicznych. Pogorszenie parametrow réwnowagi
w warunku zamknigtych oczu sugeruje ostabiong kompensacj¢ sensoryczng i gorszg integracje
sygnatow proprioceptywnych i przedsionkowych u o0s6b eksponowanych na nikotyng. Choc
uzytkownicy e-papierosow nie osiggneli wartosci istotnie gorszych od oséb niepalagcych, zauwazalne
trendy sugeruja, ze nawet ta forma konsumpcji nikotyny moze wptywac na system posturalny.

Autorzy wskazuja na ograniczenia badania, takie jak niewielka liczebno$¢ prob i brak kontroli
stezenia nikotyny, ale zaznaczaja, ze otrzymane rezultaty powinny stanowi¢ punkt wyjscia do
dalszych badan podtuznych i neurofizjologicznych. Niniejsza publikacja stanowi jedno z pierwszych
badan, taczacych ocen¢ rownowagi i chodu w kontekscie uzytkowania e-papieroséw, wskazujgc na
potrzebg ich uwzglednienia w kompleksowej ocenie wplywu tych produktéw na zdrowie
neuromotoryczne.
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2.14. Uzytkownicy  e-papierosoOw  wykazujg  silniejszg
reaktywnos¢ uktadu sercowo-naczyniowego niz palacze:

dowody z multimodalnej analizy sygnatow u milodych
dorostych [A11]

W prezentowanym badaniu podj¢to probe oceny wptywu palenia tradycyjnych papieroséw
oraz uzytkowania e-papierosOw na wybrane parametry uktadu sercowo-naczyniowego
i oddechowego, przy uzyciu zintegrowanej analizy wektorowej danych multimodalnych. Gtownym
celem byto zidentyfikowanie charakterystycznych wzorcow fizjologicznych, ktére moga odrdzniad
trzy populacje uzytkownikow nikotyny — osoby niepalace, uzytkownikow e-papierosow oraz palaczy
tradycyjnych — w warunkach obciazenia fizjologicznego, jakim byl test wysitkowy. Do badania
wlaczono 60 zdrowych ochotnikow ($rednia wieku 21,7+1,9 lat), ktorzy zostali podzieleni réwno na
trzy grupy (N = 20): osoby niepalagce (NS), uzytkownikéw e-papierosow (ECIG) oraz palaczy
tradycyjnych papierosow (CIG). Warunkiem kwalifikacji do grupy uzytkownikéw bylo regularne
stosowanie odpowiedniego produktu przez minimum rok. Z badania wykluczono osoby z chorobami
uktadu krazenia, oddechowego, metabolicznymi, a takze przyjmujace leki wplywajace na parametry
badane. Rejestracja sygnalow fizjologicznych zostala przeprowadzona w trzech fazach: spoczynku,
natychmiast po zakonczeniu standardowego wysitku na biezni oraz po fazie powrotu do spoczynku.
W kazdej fazie zbierano réwnolegle dane dotyczace czestosci akcji serca (HR), saturacji tlenem
(Sp0O3), cisnienia tetniczego skurczowego 1 rozkurczowego (SYS, DIA), sredniego cisnienia
tetniczego (MAP) oraz czestosci oddechéw (RR). Dane zebrane w sposob synchroniczny zostaty
przeksztatcone do postaci wektorowej, a nastgpnie analizowane z uzyciem metod eksploracyjnych,
takich jak klasyfikatory uczenia maszynowego (drzewa decyzyjne, regresja logistyczna), ktore stuzyty
do identyfikacji cech o najwyzszej wartosci diagnostyczne;j.

Wyniki wykazaly wyrazne roéznice migdzy grupami, szczegdlnie po zakonczeniu wysitku.
W fazie wysitkowej palacze tradycyjni osiggali najwyzsze wartosci skurczowego ci$nienia krwi
1 czestosci serca, w porownaniu do uzytkownikéw e-papieroséw i osob niepalgcych. Analiza AHR
(Effort — Rest) wykazala jednak, Ze to uzytkownicy e-papieroséw mieli najwigkszy przyrost tetna
w stosunku do spoczynku, istotnie wigkszy niz osoby niepalgce i palacze tradycyjni (ANOVA p =
0,01366; test Tukeya p < 0,03 dla obu poréwnan) (Rys. 12).
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Rys. 12 Boxplot warto$ci AHR w trzech grupach badanych (p = 0,01366, test ANOVA) [A11]

Spadek SpO: po wysitku analizowano jako ré6znice migdzy wartosciami spoczynkowymi
a powysitkowymi (ASpO: Rest—Effort). Najwickszy $redni spadek odnotowano u uzytkownikoéw
e-papieroséw (—1,45% =+ 1,23), nastepnie u palaczy tradycyjnych (—1,20% = 0,89) i u osob
niepalgcych (—1,05% =+ 1,28). Roznice migdzy grupami nie osiagnety jednak istotnosci statystycznej
(p=0,3712, Rys. 13).

A5phr (Recowwery — Effort) across study groups
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Rys. 13 Boxplot warto$ci ASpO: (regeneracja — wysitek) w trzech grupach badanych. Uzytkownicy
e-papieroséw wykazali najwicksza poprawe saturacji tlenem (SpO:) w fazie regeneracji [A11].
Obserwowany trend zblizat si¢ do istotnos$ci statystycznej (p = 0,0700, test Kruskala-Wallisa)
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Parametry powrotu fizjologicznego do stanu spoczynkowego (recovery time) wykazaty wydtuzenie
w grupach CIG i ECIG wzgledem NS (Rys. 14). Sredni czas powrotu czestoéci serca (HR) do
warto$ci spoczynkowych byl najdtuzszy u uzytkownikéw e-papieroséw: 123,9 s (SD 17,3), istotnie
dluzszy niz u osdéb niepalacych: 65,6 s (SD 10,9) oraz palaczy tradycyjnych: 72,2 s (SD 15,0)
(Kruskal-Wallis p < 0,001; poréwnania post hoc ECIG vs NS i ECIG vs CIG: p <0,001; d Cohena =
4,03 dla ECIG vs NS). Wyniki te wskazujg na znaczne obciazenie uktadu autonomicznego u osob
regularnie uzywajacych e-papieroséw, prawdopodobnie w wyniku nadmiernej aktywacji wspotczulnej
i ostabienia reaktywacji przywspotczulne;.

Recovery tima acres s sludy groups
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Rys. 14 Boxplot czasu regeneracji (w sekundach) w trzech grupach badanych. Uzytkownicy
e-papierosOw wykazali istotnie dtuzszy czas regeneracji w porownaniu zaréwno do palaczy
tradycyjnych, jak i 0s6b niepalacych (p < 0,001, test Kruskala-Wallisa) [A11]

Modele klasyfikacyjne osiggaty doktadnos¢ od 71,7% (regresja logistyczna) do 75,0% (drzewa
decyzyjne), co potwierdza potencjal sygnatowej analizy wektorowej w ocenie obcigzen
fizjologicznych wynikajacych z uzywania nikotyny (Tabela 12). Najwazniejsza cecha predykcyjna
byta zmiana AHR.

Tabela 12. Poréwnanie wydajnosci modeli (doktadnos¢, AUC, log-loss) [A11]

Model Doktadnos¢ (%) AUC
Regresja logistyczna 71,67% 0,681
Drzewa decyzyjne 75,00% 0,75

Autorzy zwracajg uwagg na istotne réznice nie tylko migdzy palaczami a niepalagcymi, ale
réwniez migdzy uzytkownikami e-papierosow a osobami catkowicie wolnymi od nikotyny. Cho¢
grupa ECIG wykazywata parametry posrednie, niektore z nich — jak czas powrotu do normy czy
spadek saturacji — zblizaty si¢ bardziej do wartosci notowanych u palaczy tradycyjnych niz u grupy
kontrolnej, co moze wskazywac¢ na ukryte efekty fizjologiczne aerozolu nikotynowego, mimo braku
udzialu substancji smolistych. Dodatkowo, AHR jako jedyny parametr wykazat istotng korelacje
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z czasem regeneracji (r = 0,264, p = 0,0417), co potwierdza jego warto$¢ jako biomarkera obcigzenia
autonomicznego. Do ograniczen badania autorzy zaliczaja jego przekrojowy charakter, ograniczona
liczebno$¢ grupy oraz brak pomiaréw biochemicznych (np. stezenia kotyniny). Mimo to, praca
dostarcza waznych dowodéw na obecno$¢ mozliwych subklinicznych zaburzen uktadu
krazeniowo-oddechowego u milodych uzytkownikoéw nikotyny i wskazuje na potencjat metod
integrujacych dane multimodalne w analizie fizjologiczne;.

52



2.15. Podsumowanie

Prezentowana rozprawa doktorska, oparta na cyklu jedenastu publikacji naukowych, stanowi
interdyscyplinarng i wielopoziomowa analize¢ wpltywu palenia papierosow elektronicznych
i tradycyjnych na organizm cztowieka, ze szczegdlnym uwzglednieniem funkcjonowania uktadu
oddechowego, sercowo-naczyniowego oraz aspektow metabolicznych i1 posturo-motorycznych.
Przeprowadzone badania ukazuja ztozono$¢ fizjologicznej odpowiedzi organizmu na ekspozycj¢ na
nikotyne i zwigzki towarzyszace — zardwno pochodzace z dymu papierosowego, jak i z aerozolu
generowanego przez urzgdzenia elektroniczne. Praca obejmowata kolejno: oceng sktadu chemicznego
aerozolu, opracowanie i walidacje modeli matematycznych, analize efektywnos$ci roznych interwencji
zdrowotnych, a takze eksperymenty z udzialem ludzi — w tym testy stabilometryczne, wysitkowe,
pomiary metaboliczne oraz rejestracje sygnatéw biomedycznych. Integracja tak zrdéznicowanych
metod pozwolita na doglebng analize réznic miedzy uzytkownikami papierosow tradycyjnych
i elektronicznych oraz osobami niepalgcymi, zarowno w wymiarze molekularnym, fizjologicznym,
jak i behawioralno-spotecznym.

Wyniki wskazujg, ze mimo braku procesow spalania, stosowanie papieroséw elektronicznych
wigze si¢ z ekspozycjg na metale cigzkie (pochodzace z elementéw grzaltki), niekorzystnym wplywem
na reakcj¢ sercowo-naczyniowa organizmu, a w przypadku uzytkownikéw dualnych — rowniez
z pogorszeniem profilu metabolicznego. Jednoczesnie wykazano, ze reakcje organizmu na
e-papierosy réznig si¢ jakosciowo od tych wywotywanych przez papierosy tradycyjne, co potwierdza
konieczno$¢ odrgbnego traktowania tych form ekspozycji w badaniach populacyjnych i klinicznych.
Opracowane modele matematyczne oraz metody analizy danych moga by¢ uzyteczne nie tylko
w badaniach naukowych, ale takze jako narzedzia wspierajace decyzje w obszarze polityki
zdrowotnej, profilaktyki uzaleznien oraz indywidualizacji terapii antynikotynowej. Badania
populacyjne dostarczyty takze danych na temat psychospotecznych i srodowiskowych uwarunkowan
palenia, co utatwia identyfikacj¢ grup ryzyka i projektowanie celowanych interwencji edukacyjnych.

Catos¢ pracy podkresla znaczenie podejscia integrujacego wiedze z zakresu inzynierii
biomedycznej, fizjologii, zdrowia publicznego i nauk spotecznych. Uzyskane wyniki stanowig istotny
wklad w rozwdj interdyscyplinarnych metod oceny ryzyka zdrowotnego zwigzanego z uzywaniem
produktow nikotynowych nowej generacji. Wskazuja one réwniez na potrzebe kontynuacji badan
dlugoterminowych, obejmujacych zarowno skutki zdrowotne, jak i1 efektywnos¢ interwencji
prewencyjnych i leczniczych w populacji mlodych dorostych. Oryginalno$¢ rozprawy polega na
zestawieniu danych biologicznych i spotecznych z zaawansowanymi narzedziami obliczeniowymi
oraz sztuczng inteligencja, co pozwolito na uchwycenie ztozonych mechanizméw uzaleznienia i jego
konsekwencji. Wktad naukowo-badawczy obejmuje zard6wno opracowanie nowych modeli
matematycznych i symulacyjnych, jak i przeprowadzenie badan z udziatem ludzi, ktérych wyniki
poshuzyty do walidacji zaproponowanych rozwigzan. Tym samym rozprawa nie tylko wnosi nowe
dane empiryczne, ale takze dostarcza narzedzi mozliwych do praktycznego zastosowania w polityce
zdrowotnej i profilaktyce uzaleznien. Podsumowujac, cel badawczy przedstawiony w niniejszej
rozprawie zostal osiggniety, a hipotezy badawcze potwierdzone w postaci prezentowanego cyklu
publikacji.
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3. Poszerzone streszczenie w jezyku angielskim

3.1. Introduction

Tobacco smoking has remained one of the leading causes of premature death worldwide for
several decades. Statistics indicate that this habit is responsible for the deaths of more than 8 million
people each year [1]. Cigarette smoke contains thousands of toxic compounds, resulting in smokers
living on average approximately 10 years less than non-smokers [2]. In view of the widespread
awareness of the harmful effects of smoking, recent years have seen a growing popularity of
electronic cigarettes (so-called e-cigarettes) — devices that deliver nicotine in the form of an aerosol
without the process of tobacco combustion. Marketed as a potentially less harmful alternative to
conventional cigarettes, e-cigarettes raise hopes among some smokers for reducing the health risks
associated with the habit. At the same time, however, concerns and controversies have emerged
regarding their safety and long-term impact on the human body [3]. Electronic cigarettes are devices
that heat solutions containing nicotine and deliver it to the body via inhalation. In Polish, the
expressions “smoking e-cigarettes” and “e-cigarette smokers” are commonly used; bearing in mind
the above definition, these terms may be used interchangeably in this dissertation for linguistic
fluency and do not reflect any lack of knowledge on the part of the doctoral candidate.

In Poland, it is estimated that approximately one-quarter of adults still smoke traditional
cigarettes, while a few percent of this group report regular use of e-cigarettes [4]. Particularly
concerning is the popularity of these products among adolescents. According to the Global Youth
Tobacco Survey, although the number of underage cigarette smokers in Poland has decreased in recent
years, a substantial proportion of young people have experimented with e-cigarettes [5]. Similar
trends are observed in other countries — for example, in the United States in 2018, the prevalence of
e-cigarette use among high school students exceeded 20% [6]. The increasing availability of
appealingly flavored nicotine cartridges and aggressive marketing have contributed to the perception
of e-cigarettes as a fashionable accessory among teenagers and so-called young adults. The most
recent phenomenon is the rapid surge in the popularity of disposable e-cigarettes, a trend that is also
evident in the Polish market [7].

The harmful impact of cigarette smoking on health has been unequivocally confirmed in both
epidemiological and experimental studies. Conventional cigarettes contribute to the development of
numerous multi-organ diseases, and smoking is considered the most important preventable cause of
premature death [1, 2]. Tobacco smoking is the primary cause of lung cancer — it is estimated that
80-90% of cases of this malignancy are associated with exposure to tobacco smoke — and it also
increases the risk of developing many other cancers, including those of the oral cavity, pharynx,
esophagus, larynx, pancreas, bladder, and kidneys [2, 16]. Long-term smoking additionally leads to
respiratory diseases such as chronic bronchitis and emphysema, which together constitute chronic
obstructive pulmonary disease (COPD). Smokers are also more likely to suffer from bronchial
asthma, experience exacerbated symptoms, and show a higher incidence of respiratory tract infections
such as pneumonia [2, 9]. Moreover, substances present in tobacco smoke — including carbon
monoxide and nicotine — damage the cardiovascular system, increasing the risk of atherosclerosis,
coronary heart disease, myocardial infarction, and stroke, even when smoking as few as several
cigarettes per day [2, 8]. Smoking also contributes to the development of other conditions: it promotes
the occurrence of peptic ulcer disease, increases the risk of type 2 diabetes, and exacerbates chronic

54



inflammatory disorders such as rheumatoid arthritis. In women, smoking more frequently leads to
pregnancy complications, including low birth weight of newborns, whereas in men it is associated
with a higher incidence of erectile dysfunction and reduced fertility [8, 9]. The negative consequences
affect not only active smokers but also those in their environment. Passive smoking — inhalation of
cigarette smoke by non-smokers — likewise causes a range of diseases (including heart disease and
lung cancer) and is responsible for approximately 1.2 million deaths annually worldwide [1]. As
stated in the report of the U.S. Surgeon General, there is no safe level of exposure to tobacco smoke —
even short-term exposure can induce biological damage leading to disease [10]. For this reason,
eliminating tobacco smoke from the environment remains a key public health objective.

The fundamental difference between a traditional cigarette and an e-cigarette lies in the way
nicotine is released. In a tobacco cigarette, dried tobacco is burned, producing smoke containing
thousands of chemical compounds. In an e-cigarette, on the other hand, a liquid solution (known as
e-liquid, usually based on propylene glycol and glycerin) is heated electrically, creating an aerosol that
is inhaled by the user. Tobacco smoke contains over 7,000 different chemicals, of which about 70 are
proven carcinogens [11, 12]. Key ingredients include nicotine, an alkaloid responsible for the
addictive effects of tobacco and stimulation of the nervous system [13].Nicotine itself is not
a carcinogen, but it contributes to the development of cardiovascular diseases, among other things by
accelerating the heart rate and increasing blood pressure, and to the development of addiction.
Another important component is tar — a sticky mixture of compounds formed during combustion,
containing, among others, polycyclic aromatic hydrocarbons (PAHs) and nitrosamines, many of
which, such as benzo[a]pyrene, are carcinogenic [12, 14]. Smoke also contains carbon monoxide,
a toxic gas produced by incomplete combustion, which, when absorbed into the blood, binds to
hemoglobin, reducing tissue oxygenation and contributing to the development of atherosclerosis and
heart disease, as well as a decline in physical condition. In addition, there are irritating and toxic gases
such as formaldehyde, hydrogen cyanide, ammonia, and nitrogen oxides, which damage the mucous
membranes of the respiratory tract and impair the lungs' defense mechanisms [8, 14]. Cigarette smoke
also contains heavy metals such as cadmium, lead, arsenic, and chromium, which accumulate in the
body and can cause organ damage and have carcinogenic effects [12, 14]. In addition, there are fine
particulate matter — soot and ash particles with a diameter of less than 2.5 um (PM:.5) — which
penetrate deep into the respiratory tract, causing chronic inflammation and oxidative stress in the
lungs [15].

In the case of e-cigarette aerosol, its composition is significantly less complex than that of
cigarette smoke and lacks many of the toxins typically generated during combustion; however, it is
not entirely harmless to health. It contains nicotine, which is present in e-liquids at various
concentrations (e.g., 324 mg/mL, and in disposable e-cigarettes even above 20 mg/mL). Nicotine
aerosol from an e-cigarette delivers amounts of this alkaloid comparable to those from a conventional
cigarette, which is sufficient to induce and maintain addiction [16, 17]. Propylene glycol and
vegetable glycerin, which constitute the base of the e-liquid, produce a visible aerosol (the so-called
“cloud”) when heated. On their own, they are considered relatively safe for short-term inhalation,
although at high temperatures they may partially degrade into irritating aldehydes. Flavoring agents
added to e-liquids (e.g., fruit, mint, dessert flavors) are compounds approved for ingestion; however,
their effects on the respiratory tract after heating and inhalation are largely unknown. The aerosol also
contains toxic carbonyl compounds, such as formaldehyde, acetaldehyde, and acrolein, whose
concentrations are typically several dozen times lower than in cigarette smoke, although their levels
may increase under higher coil power settings and intensive use (the so-called “dry puft”) [19-21].
Trace amounts of certain carcinogenic compounds, such as tobacco-specific nitrosamines and
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acrylonitrile, have also been detected in e-cigarette aerosol, although their levels are significantly
lower than in cigarette smoke [19, 22]. Studies have further demonstrated the presence of heavy
metals and metallic particles originating from the coil and metallic components of the device, such as
lead, chromium, nickel, tin, and manganese — whose concentrations may exceed those found in
ambient air [23, 24]. Chronic inhalation of these metals may lead to lung tissue damage and their
accumulation in organs. The dense aerosol cloud can markedly increase PM..; particle concentrations
indoors, raising concerns about potential consequences for bystanders [15, 25]. An additional
potential hazard is posed by compounds such as diacetyl, present in certain flavorings (e.g., buttery or
vanilla), which can cause severe bronchiolar damage (so-called “popcorn lung”) with chronic
inhalation. Diacetyl has been detected in the liquids and aerosol of some flavored e-cigarettes, and
although its concentration in e-cigarettes is generally lower than in cigarette smoke, its presence
constitutes a potential risk to users [26].

In summary, compared with tobacco smoke, e-cigarette aerosol contains substantially lower
amounts of polycyclic aromatic hydrocarbons, carbon monoxide, and nitrosamines, resulting in
reduced exposure to many classical carcinogenic and toxic agents [18, 19, 27]. This constitutes an
important argument put forward by proponents of e-cigarettes, who suggest their reduced
harmfulness. On the other hand, e-cigarettes do not deliver “pure” nicotine alone — the user inhales
a mixture of chemical compounds, some of which, even though present at lower concentrations than
in conventional cigarettes, may still exert adverse effects on the body. Furthermore, the composition
of the aerosol strongly depends on the device design and usage patterns — intensive puffing at high
coil temperatures can substantially increase the amount of harmful products formed during the
thermal decomposition of the e-liquid [20, 21]. The following sections discuss the health effects
associated with exposure to the aforementioned substances during both active and passive smoking, as
well as e-cigarette use.

Although e-cigarettes have been present on the market for a relatively short time (with mass
sales beginning in the second half of the 2000s), researchers have already gathered substantial data on
their effects on the human body. Many e-cigarette users report airway irritation, chronic cough,
increased hoarseness, or wheezing. Survey-based and clinical studies confirm that individuals who use
e-cigarettes experience such symptoms more frequently compared with non-users [28, 29]. In 2019,
global attention was drawn to a series of acute lung injury cases referred to as EVALI (e-cigarette or
vaping product use-associated lung injury). In the United States, more than 2,800 hospitalizations
were reported due to severe lung injury associated with e-cigarette use, several dozen of which
resulted in patient death [20]. The investigation revealed that most of these cases were linked to the
inhalation of illicit liquids containing THC and vitamin E acetate; however, the very occurrence of
EVALI highlighted the potential of e-cigarettes to cause acute, life-threatening pulmonary
complications. There is also evidence that nicotine aerosol may adversely affect the respiratory tract:
laboratory experiments have shown that exposing lung epithelial cells to e-cigarette condensate causes
DNA damage and impairs genetic material repair mechanisms [30], which may promote the initiation
of carcinogenesis. Indeed, in an animal model study, long-term inhalation of nicotine aerosol by mice
resulted in the development of neoplastic lesions in their lungs [31]. Moreover, e-cigarettes appear to
trigger an inflammatory response in the respiratory system — an increased production of
pro-inflammatory cytokines has been observed in bronchial epithelial cells exposed to aerosol,
persisting even after cessation of exposure [32]. In a cohort study among young adults in the United
States, initiation of e-cigarette use was found to significantly increase the risk of chronic respiratory
symptoms (such as wheezing and chronic cough), even among individuals who had never previously
smoked conventional cigarettes [33]. These findings suggest that regular e-cigarette use may lead to
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respiratory problems similar to those observed in tobacco smokers, although the underlying
mechanisms may differ in part.

The emergence of e-cigarettes has sparked a debate regarding their role in public health.
According to the harm reduction concept, if some smokers are unable to completely cease nicotine
use, switching from conventional cigarettes to a less harmful source of nicotine could bring benefits in
the form of reduced incidence of smoking-related diseases [34]. E-cigarettes deliver nicotine without
most of the toxins produced by tobacco combustion and therefore should, in theory, be less hazardous
to health than cigarettes. Indeed, studies have shown that individuals who completely replaced
conventional cigarettes with electronic ones have significantly lower concentrations of biomarkers of
exposure to tar substances and carcinogens (e.g., NNAL-a metabolite of tobacco-specific
nitrosamines) compared with those who continue smoking regular cigarettes [17]. In a controlled
clinical trial involving African American and Latino smokers, switching to POD-type (Personalized
On Demand) e-cigarettes with refillable nicotine cartridges for several weeks resulted in a substantial
reduction in levels of toxic compounds in the body compared with the group that continued tobacco
smoking [17]. Furthermore, some studies suggest that e-cigarettes may aid in smoking cessation. In
England, a temporal association was observed: the rise in e-cigarette popularity in the population
correlated with an increase in the proportion of smokers attempting to quit and with improved quit
success rates, which may indicate that some smokers successfully broke their addiction thanks to the
alternative offered by e-cigarettes [35]. Meta-analyses of randomized controlled trials also provide
some evidence of efficacy — in a 2018 review, the use of nicotine-containing e-cigarettes was
associated with a higher proportion of individuals abstinent from tobacco smoking at 6—12 months
compared with control groups (e.g., using placebo or other methods) [36]. Earlier analyses (including
the 2014 Cochrane review) had already noted that e-cigarettes may help some smokers reduce or
temporarily abstain from cigarette use, although they emphasized the limited number of studies and
the need for further evidence [37].

On the other hand, many experts draw attention to the potential risks associated with
promoting e-cigarettes as a smoking cessation aid. First and foremost, some observational studies
suggest that smokers who concurrently use e-cigarettes do not quit smoking more often than those
who do not use them — and some analyses have even indicated lower smoking cessation rates among
e-cigarette users compared with non-users (possibly because e-cigarettes allow them to maintain their
nicotine addiction) [38]. Dual use may give smokers a false sense of harm reduction, while they
remain exposed to cigarette toxins, merely supplemented by exposure to e-cigarette aerosol [39].
Furthermore, there is concern that the easy availability of e-cigarettes may undermine long-standing
efforts to denormalize smoking — the younger generation, which is more likely to take up e-cigarette
use, may in the future partially transition to conventional cigarette smoking or remain lifelong
nicotine-dependent in any form [40]. This “gateway effect” raises considerable concern: according to
the aforementioned meta-analysis, adolescents who use e-cigarettes are several times more likely to
initiate conventional cigarette smoking in the following years [40]. From a public health perspective,
the net benefits of e-cigarettes may therefore be offset or even outweighed by the losses if widespread
nicotine addiction develops among new groups of individuals who otherwise would not have become
smokers.

Renowned institutions analyzing the issue have issued cautious recommendations. The 2018
report of the U.S. National Academies of Sciences, Engineering, and Medicine (NASEM) concluded
that e-cigarettes expose users to substantially fewer harmful substances than conventional cigarettes,
suggesting a potentially lower risk for an individual who completely switches from smoking to using
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e-cigarettes. At the same time, however, the report emphasized strong evidence that e-cigarette use
increases the risk of initiating tobacco smoking among adolescents and young adults, and that the
evidence for their effectiveness in achieving sustained smoking cessation is moderate [41]. In other
words, the overall impact of e-cigarettes on public health depends on the extent to which they help
current smokers quit versus the extent to which they contribute to the nicotine dependence of new
users. Simulation models yield divergent results — for example, one analysis estimated that the
introduction of e-cigarettes could ultimately increase the number of smoking-attributable deaths when
the effect on smoking initiation among young people is taken into account [42], whereas other
modeling suggests the possibility of harm reduction, provided that the prevalence of e-cigarette use
among non-smokers and youth is minimized [43].

Considering both the unequivocal harmfulness of tobacco smoking and the uncertainty
regarding the long-term effects of e-cigarette use, health authorities worldwide have undertaken
a variety of regulatory and preventive measures. In the domain of traditional tobacco products, most
countries have implemented proven interventions: bans on smoking in public places, high taxation of
cigarettes, restrictions on advertising and sales, and educational campaigns. These classic measures
have yielded tangible results — for example, increasing excise taxes, and thus the retail price of
cigarettes, is considered one of the most effective tools for reducing smoking prevalence at the
population level [44]. Youth access to cigarettes has also emerged as a crucial issue: in many
countries, the minimum legal age for the sale of tobacco products has been raised to 21 years.
Analyses conducted in the United States by the Institute of Medicine estimated that this measure (the
so-called Tobacco 21) should substantially reduce the number of smokers among young adults and
lower smoking prevalence in the overall population [45]. Survey research indicates that the majority
of the public supports raising the minimum age for tobacco sales, perceiving it as an opportunity to
protect youth from nicotine addiction [46].

Regulations concerning e-cigarettes are, in many respects, still in the process of development.
In the European Union, measures have been introduced such as limiting the maximum nicotine
concentration in e-liquids to 20 mg/mL and extending the ban on sales to minors to include these
products, in line with conventional cigarettes. In Poland, since 2016, it has been prohibited to sell
e-cigarettes to individuals under 18 years of age, to advertise them, and to use them in public spaces
previously covered by anti-smoking legislation (e.g., schools, government offices, public transport).
Nevertheless, enforcement of these regulations can be challenging — studies indicate that some users
continue to use e-cigarettes in public spaces despite existing bans, and monitoring such behavior is
complicated by the more discreet nature of e-cigarettes (no smoke, less odor) [47]. In response to the
growing number of young users, some countries (e.g., the United States, Canada) have introduced
additional restrictions, such as bans on the sale of flavored e-liquids deemed particularly attractive to
youth.

Some experts have suggested that, in the future, consideration should be given to the complete
removal from the market of both conventional cigarettes and alternative nicotine products. The
argument is that there is no justification for maintaining the availability of an extremely harmful
product (cigarettes) if lower-risk forms of nicotine delivery are available — although, on the other
hand, permitting them without restrictions could lead to the aforementioned new risks [48]. It is clear
that nicotine policy must strike a balance between two objectives: the maximum protection of
non-smokers and youth from addiction, and the support of dependent smokers in reducing harm or
quitting altogether. In many countries, including Poland, revenues from taxes and excise duties on
nicotine products, including electronic cigarettes, constitute a significant portion of state budget

58



income. For this reason, the complete prohibition of their sale is currently unrealistic, and the only
feasible option remains the increase of excise rates or other fiscal burdens.

In addition to legal regulations, educational and medical interventions are of key importance.
Healthcare professionals play a vital role in motivating smokers to attempt quitting and in informing
them about the risks associated with various forms of nicotine consumption. Studies show that
a simple physician intervention — advising smoking cessation and informing about available forms of
support — significantly increases the proportion of individuals making a quit attempt [49]. Smokers
should be encouraged to use evidence-based methods for tobacco dependence treatment: behavioral
counseling, supportive therapies (e.g., quitlines, mobile applications), and pharmacotherapy. Available
medications, such as nicotine replacement therapy (NRT) in the form of patches, gums, or lozenges,
as well as prescription drugs (varenicline, bupropion), double the chances of successfully quitting
compared with unaided attempts [9, 50]. In the context of e-cigarettes, medical professionals should
provide balanced information: emphasize that they are not intended for non-smokers, while at the
same time noting that complete switching to e-cigarettes may be less harmful for a smoker who is
otherwise unable to quit. This position is shared, among others, by the American Heart Association,
which in its latest statement notes that, although it does not routinely recommend e-cigarettes as
a cessation method, it acknowledges that in individual cases replacing cigarettes with e-cigarettes may
offer health benefits, provided that it leads to the complete abandonment of conventional smoking
[51]. The Association, along with the WHO, simultaneously recommends continued research into the
long-term effects of using e-cigarettes and the implementation of regulations aimed at minimizing the
attractiveness of e-cigarettes to youth (e.g., restricting flavors, information campaigns about the risks)
[1, 51].

The present doctoral dissertation constitutes an interdisciplinary attempt at a comprehensive
assessment of the impact of conventional and electronic cigarette smoking on selected parameters of
respiratory and cardiovascular function. Based on a series of eleven publications, the work integrates
issues from the fields of chemical toxicology, pharmacokinetics, clinical physiology, biomedical
engineering, mathematical modeling, and artificial intelligence methods. Such a broad approach has
enabled the acquisition of complementary data encompassing both the analysis of the composition and
toxicity of aerosol emitted by e-cigarettes, predictive modeling of nicotine kinetics in the body, and
the population-level effects of nicotine product use. An important component of the dissertation also
includes experimental studies involving human participants, in which actual changes in biological
signals — such as ECG recordings, stabilometric assessment, blood pressure, oxygen saturation, and
respiratory rate — were evaluated in conventional cigarette smokers, e-cigarette users, and
non-smokers. This allowed not only the identification of physiological differences between the
groups, but also the contextualization of these findings within mathematical models describing
nicotine’s mechanisms of action, as well as predictions concerning the effectiveness of public health
interventions.
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3.2.  Research objective

The observed need for an in-depth assessment of the health effects of new forms of nicotine
consumption, including electronic cigarettes, combined with the limited existing possibilities for an
objective comparative analysis of their impact on the human body using multimodal data, prompted
the author to undertake interdisciplinary research. The objectives of this research included:

e Development and application of physiologically based pharmacokinetic (PBPK)
models enabling comparison of the dynamics of absorption, distribution, and
elimination of nicotine from e-cigarettes and conventional cigarettes.

e Analysis of the chemical composition of aerosol and tobacco smoke, including the
content of heavy metals and carbonyl compounds, and evaluation of their potential
toxicological effects.

e Experimental recording of biomedical signals (including cardiological, metabolic, and
stabilometric signals) in young adult users of nicotine products and comparison with
a control group.

e Application of advanced data analysis methods, including machine learning, to
identify diagnostic features and patterns of physiological responses differentiating the
study groups.

e Assessment of the impact of chronic nicotine use in various forms on cardiovascular,
respiratory, metabolic, and motor functions — from the perspective of preventing
lifestyle-related diseases.

This doctoral dissertation summarizes the results of experimental and modeling studies aimed at
a comprehensive assessment of the health risks associated with the use of nicotine products, as well as
the development of tools enabling more effective monitoring of their impact through physiological
data, computational models, and artificial intelligence methods. The novelty of the work lies in the
integration of empirical population studies, including biomedical signal recordings, metabolic
assessments, and psychosocial analyses, with simulation models (PBPK, Markov, SIQ+P+E+H+X)
and artificial intelligence algorithms. Such an approach, considering the differences between
e-cigarettes and traditional cigarettes in chemical, physiological, metabolic, and neuromotor
perspectives, has not been widely applied to date. The scientific and research component of the
dissertation includes the development and validation of physiologically based pharmacokinetic
models of nicotine, the design of models describing addiction dynamics and the effectiveness of
public health policies, the conduct of experimental studies involving human participants, as well as
the implementation of machine learning methods for the identification of diagnostic features and the
integration of results into decision support systems.

In the first stage of the research, the focus was placed on characterizing the chemical
composition of the aerosol generated by electronic cigarettes. In study [A1], an analysis of elemental
composition was conducted, revealing the presence of heavy metals such as tin, nickel, and
chromium, originating from the device’s heating coil. The observed concentrations of these substances
— depending on usage conditions — could reach levels comparable to those in cigarette smoke. These
findings formed the basis for further toxicological and pharmacokinetic analyses. In the next step,
PBPK pharmacokinetic models were developed and validated to describe the fate of nicotine in the
bodies of electronic and conventional cigarette users. Study [A2] presented a hybrid PBPK model
enhanced with artificial intelligence components, whereas [A3] extended it by incorporating clinical
variables that account for different physiological states, such as obesity, metabolic disorders, or
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cardiovascular disease. These models enabled quantitative assessment of differences in nicotine
bioavailability and distribution depending on the delivery method and the user’s health status. In
parallel, research was conducted on the coil degradation process of e-cigarettes under real-world
conditions. In study [A4], a computational model was developed to simulate the material and thermal
changes occurring during device use. The influence of alloy type, temperature, and airflow on the
emission of metal particles was considered, providing better insight into the mechanisms of toxin
generation. Based on the results of these analyses, decision support systems for smoking cessation
were developed. Study [A5] presented a recommendation algorithm based on the Multi-MOORA
method and supported by artificial intelligence, designed to evaluate the effectiveness, cost, and
acceptability of different strategies (pharmacotherapy, NRT, e-cigarettes). Subsequently, in study
[A6], a dynamic population model SIQ+P+E+H+X was proposed, integrating demographic and
epidemiological data to predict the effects of implementing anti-nicotine policies (e.g., tax increases,
educational campaigns, or promotion of alternative products). Addiction process modeling was further
developed in study [A7], in which Markov models were applied to describe transitions between the
states of initiation, dependence, treatment, and abstinence. Based on literature data, probabilities of
nicotine replacement therapy (NRT) effectiveness and average durations of individual addiction
phases were estimated. The next stage of research was experimental and directly concerned users of
nicotine products. In study [A8], an analysis was conducted of psychosocial factors influencing the
choice of nicotine consumption form. Using statistical and machine learning methods, predictors of
e-cigarette and conventional tobacco use were identified, such as family-related factors, peer pressure,
and home environment. Study [A9] focused on the assessment of metabolic consequences of
e-cigarette use and smoking. In young adults from various user groups, body composition (using
bioimpedance), blood pressure, and lifestyle indicators were measured. An unfavorable metabolic
phenotype was identified, including central obesity and elevated blood pressure, despite apparently
normal BMI. Neuromotor functions were examined in study [A10] using stabilometry and gait
analysis. Subtle balance impairments and variability in locomotor patterns were identified in nicotine
product users compared with non-smokers. The final study in the series, [All], concerned
cardiovascular reactivity. During exercise and orthostatic tests, ECG parameters, blood pressure, and
oxygen saturation were recorded. E-cigarette users exhibited stronger and more rapid sympathetic
nervous system responses, which may indicate a higher risk of hemodynamic dysregulation.
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3.3.

Research hypotheses

Based on the literature review, preliminary research findings, and the interdisciplinary nature
of the dissertation, the following research hypotheses were formulated:

L.

1L

III.

Iv.

VL

VIL

VIIIL

IX.

XL
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The aerosol generated by e-cigarettes contains toxic chemical compounds and heavy
metals whose concentrations — depending on usage conditions — may be comparable
to or higher than those in tobacco smoke [A1].

The pharmacokinetics of nicotine differ significantly depending on the delivery form
(tobacco smoke vs. e-cigarette aerosol), influencing the time to concentration rise,
peak level, and addictive potential [A2].

Health-related factors (e.g., obesity, cardiovascular diseases, metabolic disorders)
affect nicotine pharmacokinetics, modifying its fate in the body and potentially
exacerbating health effects [A3].

The degradation process of an e-cigarette coil, influenced by temperature, material,
and airflow, affects the emission of heavy metals and increases aerosol toxicity [A4].
Multi-criteria decision analysis (Multi-MOORA) supported by artificial intelligence
algorithms can serve as an effective tool for assisting in the selection of smoking
cessation therapy [AS5].

Dynamic population modeling (SIQ+P+E+H+X) enables forecasting the impact of
health policy strategies on the prevalence of smoking and e-cigarette use [A6].
Modeling the nicotine addiction process using Markov chains allows for
a quantitative assessment of nicotine replacement therapy (NRT) effectiveness [A7].
Demographic, familial, and social factors significantly influence the risk of initiating
e-cigarette or conventional cigarette use, which can be demonstrated using statistical
and machine learning methods [A8].

Regular e-cigarette use is associated with adverse metabolic changes, including
central obesity, elevated blood pressure, and unfavorable body composition, observed
even in young adults [A9].

Nicotine use in various forms affects postural balance control and gait patterns,
leading to measurable impairments in neuromotor function [A10].

E-cigarette users and conventional smokers exhibit distinct cardiovascular reactivity
to physiological stress compared with non-smokers, which may indicate differences
in sympathetic nervous system activation [A11].



3.4. Elemental Composition of Vaping and Smoking Aerosols:
Influence of Liquid Type and Tank Conditions [A1]

In the present research, an attempt was made to quantitatively assess the elemental
composition of aerosols generated by e-cigarettes under conditions of varying tank fill levels (full,
half-full, empty) and using liquids of different origins — commercial and homemade. The aim of the
study was to determine the influence of these factors on the presence of heavy metals and other
elements in the aerosol, as well as to compare their content with aerosols derived from conventional
cigarettes. To reproduce real-world usage conditions, a test station simulating inhalation was
constructed (Figures 1 and 2). The study also compared results for smoke from conventional
cigarettes. Aerosol and smoke particles were collected on nitrocellulose membranes (0.45 pm) placed
in a condensation chamber; in addition, cotton from inside the heating coil was analyzed. The samples
were subsequently subjected to elemental composition analysis using scanning electron microscopy
(SEM) with an energy-dispersive spectrometer (EDS). The EDS method enables qualitative and
semi-quantitative detection of the elements present but does not provide information on their chemical
form (e.g., oxides, chlorides, complexes) or speciation, which is a significant limitation in the context
of full toxicological assessment. Furthermore, the technique does not allow the analysis of volatile or
gaseous components, which may also be important from a health risk perspective.

Figure 2. Conventional cigarette smoke testing station [A1]
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The study identified the presence of numerous inorganic elements, of which the most
toxicologically relevant included chromium (Cr), aluminium (Al), iron (Fe), nickel (Ni), copper (Cu),
sodium (Na), sulfur (S), and chlorine (Cl). Their concentrations differed significantly depending on
the type of liquid used and the tank fill level (Table 1). The highest relative chromium concentration
was recorded for the “half-full tank + homemade liquid” configuration (6.00 wt%), while aluminium
reached 1.40 wt% and iron 0.72 wt%. In the configuration using commercial liquid with the same fill
level, these values were markedly lower: Cr —4.79 wt%, Al — 0.21 wt%, Fe — 0.00 wt%. Smoke from
conventional cigarettes contained only trace amounts of chromium (0.33 wt%) and aluminium (0.08
wt%), with a predominance of plant-derived minerals (e.g., calcium, sodium, sulfur). The elemental
profile differed significantly — tobacco smoke aerosol was dominated by minerals naturally present in
tobacco and paper, whereas e-cigarette aerosol was dominated by technical metals originating from
the degradation of the device’s construction materials.

Table 1. Mean elemental concentrations in aerosols obtained during e-cigarette use (10 puffs) or
combustion of one conventional cigarette [Al]

Homemade Homemade Homemade Commercial | Commercial | Commercial
liquid, full liquid, half | liquid, empty liquid, full liquid, half | liquid, empty Traditional
tank tank tank tank tank tank cigarette

E wt% SD wt% SD wt% SD wt% SD wt% SD wt% SD wt% SD
5477 | 0.62 | 50.26 | 0.80 | 52.00 | 0.94 |53.10 | 0.71 |52.37 | 0.70 |51.94 | 0.64 | 48.86 | 0.35

C 14040 | 0.64 |40.58 | 0.88 |41.31 | 1.00 [41.12 | 0.73 | 41.71 | 0.75 |[41.15| 0.68 |[49.89 | 0.36
Cr | 384 | 095 | 6.00 [ 097 | 533 | 0.83 | 4.81 | 0.90 | 479 | 0.86 | 548 | 0.79 | 0.33 | 0.03
Na | 0.33 | 0.03 | 0.32 | 0.03 | 0.35 | 0.05 | 036 | 0.04 | 0.36 | 0.04 | 0.38 | 0.04 | 0.24 | 0.03
Al 036 | 0.03 | 1.40 | 0.06 | 0.34 | 0.04 | 0.26 | 0.03 | 0.21 | 0.03 | 0.22 | 0.03 | 0.08 | 0.01
S 0.12 [ 0.02 | 020 | 0.03 | 0.10 | 0.02 | 0.15 | 0.02 | 0.22 | 0.03 | 0.22 | 0.03 | 0.12 | 0.02
Cl 0.09 [ 002 | 0.17 | 0.04 | 0.12 | 0.02 | 0.08 | 0.02 | 0.08 | 0.02 | 0.14 | 0.03 | 0.08 | 0.02
Si 0.04 | 001 | 0.12 | 0.02 | 0.25 | 0.03 | 0.02 | 0.00 | 0.07 | 0.02 | 0.22 | 0.02 | 0.15 | 0.02
Mg | 0.00 | 0.00 | 0.04 | 0.01 | 0.20 | 0.04 | 0.01 | 0.00 | 0.02 | 0.00 | 0.16 | 0.02 | 0.11 | 0.01
Fe 0.00 [ 0.00 [ 0.72 | 0.15 [ 0.00 | 0.00 | 0.00 [ 0.00 [ 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00
Cu | 0.07 | 0.02 | 0.06 | 0.02 | 0.00 | 0.00 | 0.04 | 0.01 | 0.04 | 0.01 | 0.04 | 0.00 [ 0.07 | 0.02
Ca | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.05 | 0.02 | 0.02 | 0.00 | 0.05 | 0.01 | 0.05 | 0.01
Br 0.00 | 0.00 [ 0.00 [ 0.00 [ 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.04 | 0.01

Viscosity analysis (Figure 3) revealed clear differences in the behavior of homemade and
commercial liquids. Initially, homemade liquids exhibited higher dynamic viscosity (~0.2848 Pa-s at
20.9 °C), which dropped sharply with increasing temperature, reaching ~0.0295 Pa-s at 60.5 °C. At 80
°C, a slight increase in viscosity (~0.036 Pa-s) was noted, suggesting the onset of thermal degradation.
Commercial liquids showed lower initial viscosity (~0.15 Pa‘s at 23.5 °C) and a more gradual
decrease with temperature, reaching ~0.025 Pa-s at 80 °C. These results indicate greater thermal
stability of commercial liquids, which retain more predictable physical properties over a wider
temperature range. This was also confirmed by shear stress measurements — homemade liquids
reached approximately 56-57 Pa at a shear rate of ~200 s™, whereas commercial liquids reached
~30-34 Pa. Such differences directly affect vaporization efficiency and temperature control during
device operation. Reduced thermal stability of homemade liquids may promote the occurrence of “dry
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puff” conditions, i.e., overheating of the heating coil at low liquid levels, leading to erosion of metallic
elements and increased heavy metal content in the aerosol.

Raegeraliing vk, ViEceely of Hovsrrdde and Sooee-Bought Liguids
%

&b

e

Eooan
&
i
-
in
wob R
s e, i
—— g e
e e,
i = an 3 [} 2 B

Vi e A |

Figure 3. Changes in dynamic viscosity of homemade and commercial liquids as a function of temperature [A1]

To complement the analysis of the physical properties of the liquids, temperature
measurements (Figure 4) inside the tank during simulated device use were also conducted. The tests
showed that homemade liquids reached higher initial temperatures and heated faster than commercial
liquids, which can be attributed to their simplified chemical composition and lack of stabilizing
additives. Despite these differences, under steady-state test conditions, the temperature of both liquid
types stabilized at approximately 40 °C. These findings indicate a significant influence of liquid
composition on the thermal characteristics of device operation, particularly in the initial phase, which
may be relevant to the processes of metal emission from heating elements.
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Figure 4. Temperature changes inside the e-cigarette tank during simulated use, for homemade and commercial
liquids [A1]

The obtained results clearly indicate that not only the composition of the liquid but also the
manner of device use have a critical impact on the composition of the inhaled aerosol. In many cases,
heavy metal concentrations approached or even exceeded the threshold levels specified by WHO
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guidelines, particularly under “empty” tank conditions and high operating temperatures. It should be
emphasized that the EDS method is semi-quantitative in nature and does not allow for unambiguous
determination of concentrations with reference to toxicological standards. The actual health risk also
depends on the bioavailability of the elements, the frequency of device use, and the co-occurrence of
other contaminants, which warrants further, more detailed studies. This work makes a significant
contribution to the toxicological characterization of e-cigarettes and underscores the need for
standardization of both liquid composition and device technical parameters. The identified risks
should be taken into account in the development of safety guidelines for e-cigarette use, as well as in
legal regulations concerning their production and distribution.
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3.5. Comparative Pharmacokinetics of Nicotine from
E-Cigarettes and Traditional Cigarettes: A PBPK
Modeling and Machine Learning Approach [A2]

As part of the conducted research, a physiologically based pharmacokinetic (PBPK) model,
supported by machine learning algorithms, was developed to compare the dynamics of nicotine
absorption and distribution in the body following the use of e-cigarettes and conventional cigarettes.
The aim of the study was to investigate differences in nicotine delivery and to assess their impact on
systemic exposure — particularly with respect to the brain and synapses — as well as to identify
physiological factors significantly influencing the rate and extent of nicotine accumulation. The
designed PBPK model comprised five key compartments: lungs, blood, liver, brain, and synapses. For
each compartment, volumes, blood flows, and diffusion, metabolism, and elimination constants were
defined. The equations were based on the principle of mass balance, Fick’s law, and first-order
kinetics for metabolism and elimination, enabling dynamic simulation of nicotine concentrations over
a 24-hour period, taking into account real-world patterns of nicotine product use (10 puffs per session,
20 sessions per day for e-cigarettes; 1.5 mg vs. 3 mg of nicotine per session, respectively). PBPK
pharmacokinetic equations:

1. Nicotine concentration in lungs:

dClung — dose _ EP_(C. -C )
dt V,, Vp lung blood

2. Nicotine concentration in blood:

Q
—bed 2 -C ——L(c -C
dt v, ( lung blood) v, ( blood liver)

C —k C k C
distrib blood penetr blood + elim  brain

3. Nicotine concentration in liver:

dCliver _ Qh C C k
at v, (Chtona ~ )~

liver metab  liver

4. Nicotine concentration in brain:

brain  __

= C -k  C
dt penetr blood elim  brain synapse brain + synapse synapse

5. Nicotine concentration in synapses:

synapse  __

dt synapse brain synapse synapse

— nicotine concentration in the blood, €., —
blood liver

nicotine concentration in the liver, C, = — nicotine concentration in the brain, C — nicotine
brain synapse

where: C hung™ nicotine concentration in the lungs, C

concentration in the synapses, Qp — blood flow through the lungs, Q N blood flow through the liver,

Vp, Vb, Vl — compartment volumes: lungs, blood, liver, k distrib nicotine distribution rate from blood

to other tissues, kpe — nicotine penetration rate from blood to the brain, ke”m — elimination rate of

netr

nicotine from the brain, kme — nicotine metabolism rate in the liver, ksynapse — transfer rate of

tab
nicotine between the brain and synapses, dose — nicotine dose delivered in a single session.

Modeling revealed marked differences in pharmacokinetic profiles between the examined
products (Figure 5). Conventional cigarettes generated rapid and sharp nicotine concentration peaks in
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the brain and blood (Cmax: 15-20 ng/mL; Tmax: 5-15 min), typical of a strong addictive effect.
E-cigarettes exhibited flatter but more prolonged concentration profiles (Cmax: 6—10 ng/mL; Tmax:
2-5 min), suggesting a different mechanism of dependence development. In synapses, Cmax values
were 240 nM for cigarettes and 180 nM for e-cigarettes (Tmax: 60—120 s i 60—150 s, respectively).
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Figure 5. Changes in nicotine concentration in selected compartments (blood, brain, synapses) over 24
hours, depending on the source of exposure: e-cigarettes (blue line) and conventional cigarettes (red
line) [A2]

The PBPK results were further extended with an analysis of inter-individual variability using
the XGBoost algorithm, trained on 1,000 synthetic physiological profiles. The models achieved
extremely high predictive accuracy, with coefficients of determination R* > 0.9998 across all
compartments. The most significant factor influencing nicotine distribution was blood—brain barrier
permeability (k penet), with a correlation coefficient of +0.901 for the brain and +0.916 for the
synapses, while its correlation with blood nicotine concentration was negative (—0.940). Other
significant factors included liver metabolism rate (k metab, negative correlation), pulmonary blood
flow, body mass, and smoking history. For model validation, literature data on actual Cmax i Tmax
values after nicotine inhalation were used. The models closely reproduced real pharmacokinetic
profiles (Figure 6), achieving R?values of 0.788 (brain), 0.867 (blood), and 0.899 (synapses).
Estimated nicotine concentrations for an example individual (based on personal physiological
parameters) were 107.62 ng/mL in the brain, 64.45 ng/mL in the blood, and 137.31 ng/mL in the
synapses. An important aspect was also the identification of limitations in the adopted assumptions.
PBPK models assume averaged physiological parameters and standard usage patterns, whereas in
reality there is considerable behavioral variability (e.g., depth of puff, inhalation duration, device
power). Moreover, the model does not account for the effects of other components of tobacco smoke
or aerosol (e.g., aldehydes, flavorings) that may modulate nicotine metabolism. There is also a
limitation related to assumptions about absorption sites: for cigarettes, the lower respiratory tract
(alveoli) predominates, while for e-cigarettes the upper airways and oral cavity play a larger role,
potentially affecting first-pass kinetics.
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Figure 6. Comparison of nicotine concentrations predicted by the PBPK model with real-world
(literature) data for three compartments: brain, blood, and synapses [A2]

This work makes a significant contribution to understanding pharmacokinetic differences
between alternative nicotine delivery methods. The results have important regulatory and clinical
implications. It has been shown that, despite the absence of combustion products, e-cigarettes can lead
to prolonged nicotine exposure and thus potentially to dependence development. By integrating PBPK
modeling with machine learning, it is possible not only to better predict exposure but also to create
personalized risk models, representing a meaningful step toward precision addiction prevention and
public health policy.
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3.6. Physiologically-Based Pharmacokinetic Modeling of
Nicotine [A3]

The next article is an extended version of the conference paper entitled “Comparative
Pharmacokinetics of Nicotine from E-Cigarettes and Traditional Cigarettes: A PBPK Modeling and
Machine Learning Approach”. In this study, an attempt was made to model the dynamics of nicotine
distribution in the human body using a physiologically based pharmacokinetic (PBPK) modeling
approach. The aim was to assess differences in the pharmacokinetic profile of nicotine delivered via
e-cigarettes and conventional cigarettes, taking into account various health conditions of users —
including cardiovascular diseases, asthma, and chronic obstructive pulmonary disease (COPD).
Although the study was modeling-based, it relied on experimental and literature data on physiology
and nicotine distribution.

The designed PBPK model included nine compartments corresponding to the major tissues
involved in nicotine metabolism and distribution: lungs, arterial blood, venous blood, liver, brain,
muscles, kidneys, adipose tissue, and other tissues. The model was based on first-order differential
equations, with physiological parameters specified for both healthy and diseased individuals.
Transport between compartments was described using perfusion-limited kinetics, consistent with the
classical approach for lipophilic compounds:

dClunq — Dose(t) QE (C -C )
dt 4 4 lung blood
p
ac Q Q
— = (C, —C ) == -Cc )—k, - +k o=
dt v, lung blood v, blood liver distrib ~ blood penetr blood elim ~ brain

- kfathlood + kreleasecfat B keliminbcblood

Nicotine metabolism occurred mainly in the liver, following an enzymatic degradation mechanism
described by Michaelis—Menten kinetics:

metabmax ~ liver

liver h
e — ¢ ¢ ) - c
dt v, ( blood liver) K +C, distrib~ blood
- C.
metabolities metabmax _liver
dt T K +C,
m - liver

Nicotine crossed the blood—brain barrier, where it accumulated and underwent slow elimination:

brain

at penetrcblood kelimcbrain

— fat _ —
dt kfathlood kreleasecfat

where: C hung —nicotine concentration in the lungs, C lood nicotine concentration in the blood

(arterial/venous), C liver nicotine concentration in the liver, C rain nicotine concentration in the
wer rain

brain, C — nicotine concentration in adipose tissue, C . — concentration of nicotine
fat metabolites
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metabolites, Qp— blood flow through the lungs, Qh — blood flow through the liver, Vp, Vb, Vz -

compartment volumes: lungs, blood, liver, k distrib nicotine distribution rate from blood to tissues,

rib
— nicotine penetration rate from blood to the brain, kelim — nicotine elimination rate from the

penetr
brain, ke”mmb — nicotine elimination rate from peripheral blood, k fat ™ nicotine uptake rate in adipose
tissue, k — nicotine release rate from adipose tissue, k — maximum metabolic rate of
release metabmax

nicotine in the liver (Michaelis—Menten parameter), Km — Michaelis—Menten constant, Dose(t) —

time-dependent nicotine dose, specific for product type (cigarette, e-cigarette).

The model also incorporated product-specific variables, such as route of administration, absorption
rate, puff volume, and bioavailability.

Modeling results revealed substantial differences in nicotine concentration dynamics
depending on health status (Table 2). Under normal conditions, steady-state plasma nicotine
concentration (Css) was 7.01 ng/mL for conventional cigarettes and 4.08 ng/mL for e-cigarettes. In
patients with COPD and asthma, elimination rates were reduced, leading to elevated Css values (e.g.,
5.05 ng/mL for e-cigarettes) and prolonged half-life (t1/2). In individuals with cardiovascular
diseases, Css in the brain was higher for e-cigarettes (16.32 ng/mL), suggesting increased CNS
exposure and higher addiction risk.

Table 2. Summary of nicotine pharmacokinetics in various health conditions [A3]

Health Css brain Css brain | Css bloodi Css blood €172 (h) €12 (h)
condition (ng/mL) (ng/mL) (ng/mL) (ng/mL) (E-cigarette) [ (cigarette)
(E-cigarette) | (cigarette) | (E-cigarette) | (cigarette) & &
Healthy 11.00 18.64 4.08 7.01 0.96 0.96
Liver disease 24.74 3.40 9.18 1.41 0.98 0.98
Cardiovascular| 0 1, 6.89 6.10 2.74 1.12 1.12
disease
Obesity 21.41 15.38 7.64 5.79 1.12 1.12
Pul
umonaty 13.06 291 5.05 1.02 1.03 1.03
disease
Neurological | =, oo 9.52 0.98 2.02 133 134
disorders

The model was validated against literature data and demonstrated good agreement with actual
nicotine concentrations in different compartments, for both e-cigarettes and conventional cigarettes.
This agreement was particularly evident in comparisons of time—concentration profiles in plasma and
brain, accounting for different health conditions. A sensitivity analysis indicated that the key variables
influencing the pharmacokinetic profile were: hepatic blood flow, hepatic metabolic rate, blood—brain
barrier permeability, and the storage/release capacity of nicotine in adipose tissue. It is important to
note that the model was based on population-level physiological parameters and did not account for
individual genetic differences in metabolism. Potential interactions with other aerosol components
(e.g., aldehydes, flavorings) that might affect nicotine bioavailability and metabolism were also not
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included. Another limitation was the standardization of the usage pattern, which may not reflect actual
exposure in heavy or occasional users.

The study conclusions highlight the complex impact of health status on nicotine
pharmacokinetics and the need for individualized risk assessment. The findings may be particularly
useful in harm reduction strategy design and for clinicians assessing the safety of e-cigarette use in
patients with chronic diseases. This work demonstrates the potential of PBPK modeling as a tool for
evaluating nicotine products in the context of public health and regulatory decision-making.
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3.7. A Computational Model of E-Cigarette Coil Degradation:

Simulating Thermal and Material Dynamics and Their
Impact on Health [A4]

In the present study, a numerical model of e-cigarette coil degradation under realistic usage
conditions was proposed and implemented. The aim was to determine how coil material (NiCr alloy,
Kanthal, stainless steel, titanium), airflow conditions, and power settings influence thermal
characteristics, resistance changes, and wick degradation. The analysis was carried out in the context
of potential health risks arising from the emission of thermal decomposition products of metals and
the liquid carrier. The model incorporated realistic usage cycles consisting of 3 seconds of heating and
2 seconds of cooling, with dynamic recording of temperature, resistance, and wick integrity. It
accounted for resistive (Joule) heating, convective cooling, and resistance drift due to material
oxidation. Material-specific physicochemical properties were included: electrical resistivity, heat
capacity, thermal conductivity, and oxidation kinetics for each coil type.

The comparative results revealed significant differences among the materials tested. The
highest thermal stability and minimal resistance drift were observed for Nichrome (NiCr) alloy,
reaching a final temperature of 64.2°C and a final resistance of 0.1541Q (Figure 7). Under these
conditions, the wick maintained 99.76% of its structural integrity. Similar parameters were recorded
for Kanthal (69.1°C, 0.1523Q, 99.76% integrity) and stainless steel (66.6°C, 0.1565 Q, full integrity
preserved). The poorest performance was observed for titanium coils — under low airflow conditions,
the final temperature reached 277.0°C, and resistance increased to 0.2925€), indicating intensive
degradation associated with oxidation (Figure 7). Wick integrity decreased to 99.46%, which, in
long-term use, could result in structural weakening and increased particulate emissions. Comparative
analysis demonstrated that under high airflow conditions, wick integrity remained above 99.7%
regardless of coil material, highlighting the critical role of convective cooling in reducing thermal
degradation. Simulations confirmed that low airflow leads to heat accumulation in the coil and
accelerated oxidation kinetics, particularly for metals with lower chemical stability, such as titanium.
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Figure 7. Operating characteristics of a nichrome (NiCr) coil at high airflow: temperature (top),
resistance (middle), and cotton integrity (bottom) as a function of time [A4]
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Figure 8. Operating characteristics of a titanium (Ti) coil at low airflow: temperature (top), resistance
(middle), and cotton integrity (bottom) as a function of time [A4]

This work underscores the importance of selecting appropriate coil materials and operational
parameters (airflow rate, power cycle) in the context of user safety. Coil degradation can lead to the
emission of metal particles and thermal decomposition products of organic materials (e.g., cotton
wick), posing inhalation risks. The developed model provides a useful predictive tool for designing
safer e-cigarettes. However, certain limitations should be noted. The model did not account for the
chemical composition of the e-liquid, interactions between the liquid and the coil material, or potential
accumulation of contaminants on component surfaces. Moreover, the simulations focused on isolated
operational cycles without modeling long-term device aging over weeks or months. The findings are
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of significant importance for nicotine device engineering and regulatory policy. The results
demonstrate that through appropriate material selection (e.g., alloys with low oxidation susceptibility)
and optimized cooling parameters, it is possible to substantially reduce the emission of toxic
compounds associated with thermal degradation, thereby providing tangible health benefits for users.
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3.8. Optimizing Smoking Cessation Alternatives Using
Multi-MOORA and Al-Based Methods [A5]

The aim of this study was to develop a hybrid decision-making model to support the selection
of the most optimal smoking cessation methods, using advanced artificial intelligence (Al) techniques
combined with the Multi-MOORA (Multi-Objective Optimization on the Basis of Ratio Analysis)
multi-criteria decision analysis approach. The proposed model integrated three analytical methods —
artificial neural networks (ANN), ridge regression (RR), and simulated annealing (SA) — to obtain
stable, overfitting-resistant, and interpretable weights for key decision criteria. Three alternatives were
evaluated: (1) conventional cigarettes, (2) e-cigarettes, and (3) combined use of both products. These
were assessed according to six criteria: age of smoking initiation, monthly cost, CO: emissions, time
spent smoking, ease of quitting, and health impact. Data were obtained from two sources: a survey
conducted among 100 users and publicly available health and environmental reports. In the first stage,
a decision matrix was constructed in which each alternative was scored according to the above
criteria. The data were normalized based on the nature of each criterion (benefit or cost type), and
weights were assigned. ANN was used to capture complex patterns and nonlinear relationships, RR
provided stability and robustness to collinearity, and SA optimized the weight distribution while
avoiding local minima.

The Multi-MOORA method was applied in its three variants: (1) ratio system, (2) reference
point approach (Euclidean distance), and (3) full multiplicative form. For each alternative, a synthetic
score was calculated, forming the basis of the ranking. The model consistently indicated that
e-cigarettes were the top-ranked option across all versions of the analysis and in all sensitivity test
iterations. The second position was held by the combined use of traditional cigarettes and e-cigarettes,
while conventional cigarettes ranked lowest. This ranking persisted in the sensitivity analysis, where
the weight of each criterion was varied by +10 %, confirming the stability and robustness of the model
to minor parameter changes. The results showed that the highest weight was assigned to age of
smoking initiation (0.2431) and monthly cost (0.1621), while the lowest weight was given to health
impact (0.1186). The final weights were obtained as the average of the values generated by the three
methods (ANN, RR, SA) and are presented in Table 3.

Table 3. Decision criterion weights and ranking of alternatives (Multi-MOORA) [A5]

Criterion Weight

Age of smoking initiation 0.2431
Monthly cost 0.1621

CO: emissions 0.1376
Time spent smoking 0.1314
Ease of quitting 0.1272
Health impact 0.1186
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This research contributes to the advancement of personalized decision support in public health
by demonstrating that integrating Al with MCDA methods enables objective and transparent
multi-criteria decision-making — covering economic, health, and environmental factors. However,
certain limitations should be noted: the set of alternatives was restricted (no inclusion of nicotine
replacement therapy or psychotherapy), reliance on self-reported data, possible inaccuracies in
secondary data sources, and a limited respondent sample size. Future work could expand the model to
include additional therapeutic options, enrich the dataset with demographic and clinical variables, and
apply the approach in prospective studies. The proposed framework has the potential to be
implemented as a clinical decision support tool and as a basis for developing data-driven, Al-assisted
health policy in tobacco harm reduction and cessation strategies.
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3.9. Modeling the Impact of Tobacco Control Policies on
Smoking Prevalence: A Dynamic SIQ+P+E+H+X
Framework [A6]

The next publication in the research cycle responds to the need for comprehensive modelling
of the long-term population effects of public health interventions in tobacco control. For this purpose,
an advanced compartmental SIQ+P+E+H+X model was designed and implemented, representing an
extension of the classical SIR model with additional components reflecting the specific features of the
current nicotine-use dynamics. It included not only classical variables such as initiation, cessation, and
relapse of smoking, but also the use of e-cigarettes, their potential role in transition to traditional
smoking (the “gateway” effect), and the impact of pricing, educational, and regulatory policies. The
model was calibrated on empirical data from WHO studies, Cochrane reviews, and national datasets,
including trends in smoking initiation and the effectiveness of e-cigarettes in substitution therapy.
Based on this model, four policy scenarios were tested: no new interventions (baseline scenario), an
increase in tobacco taxation, a total ban on cigarette sales, and strengthened anti-tobacco campaigns
(Table 4).

Table 4. Overview of health policy scenarios and expected outcomes [A6]

Scenario Policy description Key parameters Expected effect

Continuation of current .
Gradual decline in

Baseline trends, no new None .
. . smoking prevalence
interventions
. . . Reduced youth
. Higher excise duties on e o Y
Increased taxation i | Initiation rate () initiation, moderate
cigarettes . . .
increase in cessation
. . . . Higher cessation rates
Strengthened Nationwide media, 1 Cessation rate (y), | &
. . . . . and reduced relapse
anti-tobacco campaigns | education, social action Relapse ()

across age groups

. o . Rapid eliminati f
Total ban on cigarette | Complete prohibition of| p =0, 1 Cessation rate apid elmimation o

king; illicit market
sales tobacco sales ™) smoking; illicit marke

not modelled

The simulation results clearly demonstrated that the most effective approach — assuming its
feasibility — would be a total ban on cigarette sales, leading to a 93.6% reduction in their use over a
200-year horizon, a 50% increase in smoking cessation rates, and complete elimination of new
initiations. The second most effective strategy proved to be information and education campaigns,
reducing smoking prevalence by 55%, and the third — raising taxes — resulted in a 25.6% reduction
(Figure 9). Sensitivity analysis of the model revealed the greatest susceptibility of the results to
changes in parameters such as campaign effectiveness (y) and the impact of taxes (1), which confirms
their key role as policy levers.
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Figure 9. Smoking prevalence in the population over 200 years for four policy scenarios [A6]

A particular innovation of the model was the introduction of the “E” compartment — users of
e-cigarettes — and the inclusion of their dual role: as a harm reduction tool among smokers and as
a potential threat to youth (gateway effect). The model showed that, given the current level of
e-cigarette use among young people (over 22% in Poland in 2022) and the relatively high risk of
transition to traditional smoking (p index), regulations limiting access to ENDS in this age group are
necessary. Unlike classical models such as SimSmoke, the developed SIQ+P+E+H+X model
integrates the effects of e-cigarettes without treating them as an exogenous factor, enabling a realistic
representation of future scenarios for the nicotine market. The publication also compared other
population models in detail (e.g., the Tuscan model by Lachi et al., the systems model by Camacho et
al.), pointing out that while they constitute valuable supplements, they lack comprehensiveness and
the integration of multiple regulatory strategies.

The conclusions of the study are of practical significance for the planning of public health
strategies. The model indicates that a combination of fiscal and educational interventions can
significantly accelerate the decline in smoking prevalence. At the same time, the authors draw
attention to the model’s limitations, including the lack of consideration of the illicit market or local
social phenomena (e.g., peer network effects), suggesting the development of agent-based models in
the future.
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3.10. Markov Model Simulation of Nicotine Addiction and the
Effectiveness of Nicotine Replacement Therapy (NRT)
[AT7]

In this study, a first-order Markov chain simulation model was developed to analyse the
dynamics of nicotine addiction and the effectiveness of nicotine replacement therapy (NRT). The aim
was to estimate the duration of addiction and the probability of smoking cessation in different user
groups — both traditional cigarette smokers and e-cigarette users — under three intervention scenarios:
no therapy, use of nicotine gum, and use of nicotine patches. The model included five states: no
exposure to nicotine, first trials, experimentation phase, addiction, and cessation. Transition
probabilities between states were derived from current epidemiological data (including NESARC),
allowing for a realistic representation of the course of addiction. The transition matrix was defined for
yearly time steps and applied to simulate the progression of addiction over a 20-year horizon.

The simulation results showed that e-cigarette users spend significantly less time in the
addicted state than traditional smokers — on average, 27.77 years vs. 57.65 years without therapy. The
introduction of replacement therapy led to a significant reduction in this duration, with nicotine
patches proving more effective than gum (effectiveness: 13.83% vs. 6.56%, respectively). For
e-cigarette users, patch therapy reduced addiction duration to 21.46 years, while for traditional
cigarette users, it was reduced to 46.48 years (Figure 10). The model confirmed that even with
moderate efficacy, NRT can substantially shorten the duration of addiction exposure, increasing the
likelihood of successful cessation. These findings are consistent with the literature, confirming the
higher effectiveness of patches compared to gum, in line with biochemical data (e.g., more stable
salivary cotinine concentrations). An important feature of the model was its differentiation of
addiction dynamics between traditional cigarette smokers and e-cigarette users, which represents
novel contribution to population modelling. Biological mechanisms of addiction and the impact of
NRT on stabilising nicotine levels were also taken into account, increasing the credibility of the
results.
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Figure 10. Simulation results of nicotine addiction and the effectiveness of nicotine replacement
therapy (NRT) based on a first-order Markov chain model [A7]

The study’s limitations include the relatively simplified model structure (e.g., no
differentiation by age, sex, or other socio-demographic factors), the absence of behavioural support
modelling, and the assumption of fixed therapy efficacy without individualisation. However, the
authors indicate that this approach could be further developed into agent-based models or
supplemented with cost—economic components. From a public health perspective, the results confirm
the effectiveness of pharmacological interventions in reducing the burden of nicotine addiction and
may serve as a basis for further optimisation of smoking cessation programmes. In particular, the

model can be used to personalise therapy and estimate its long-term effects in different user
subpopulations.
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3.11.  Analysis of Demographic, Familial, and Social
Determinants of Smoking Behavior Using Machine
Learning Methods [AS]

The aim of this study was to identify key demographic, familial, and social factors influencing
smoking-related behaviours — both traditional and electronic — and to assess their impact on addiction
dynamics and family relationships. Machine learning methods were applied to data collected from 100
participants, enabling the development of predictive models regarding the perceived impact of
smoking on family relationships. The study was conducted as a cross-sectional online survey in which
participants completed an anonymous questionnaire consisting of three sections: demographic data,
smoking habits, and family dynamics. Validated instruments were used, including the Penn State
Electronic Cigarette Dependence Index (PSECDI) to assess the level of nicotine dependence and the
Family Relationship Assessment Scale (FRAS) to evaluate family relationships (Table 5). The
questionnaire was translated into Polish using the back-translation method to ensure reliability and
validity. Data were analysed using various statistical techniques, including chi-square tests, analysis of
variance (ANOVA), and Spearman’s rank correlation, to identify significant relationships between
variables. Subsequently, machine learning algorithms such as decision trees, support vector machines
(SVM), k-nearest neighbours (k-NN), and ensemble learning models were applied to predict the
perceived impact of smoking on family relationships. Models were evaluated for accuracy and loss
using k-fold cross-validation.

Table 5. Comparison of family relationship indicators (FRAC) and nicotine dependence level
(PSECDI) by smoking type [A8]

. . Traditional
Category Indicator E-cigarettes r.a rona Dual users
cigarettes
Family support 422 3.50 3.67
(mean)
FRAC Family conflicts 1.81 2.00 1.89
(mean)
Time spent 3.26 3.12 2.83
together (mean)
No dependence
0 4.76 0
(%)
L
ow dependence 21.05 33.33 16.67
(%)
PSECDI Moderate
31.58 19.05 33.33
dependence (%)
High d d
180 dependence 47.37 42.86 50.00
(%)
Mean score 13.11 12.05 13.50
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Statistical analysis showed that e-cigarette users reported higher family support and fewer
conflicts compared to traditional smokers and dual users. However, e-cigarette users also
demonstrated higher levels of nicotine dependence, suggesting that despite better family relationships,
the risk of addiction remains significant. To explore the data structure, principal component analysis
(PCA) was applied. The initial PCA projection, based on all demographic, familial, and behavioural
variables, revealed substantial class overlap, confirming the complexity and low separability of the
data. Further analysis was conducted using PCA only on the six most discriminative variables,
selected via the ANOVA F-test. The results (Figure 11) revealed clearer clustering, particularly for
extreme cases, confirming the potential of supervised models for further classification. Designing
a reduced-dimensionality space also confirmed the high predictive value of variables describing the
perceived impact of smoking on family relationships. The PCA analysis aligned with the subsequent
feature importance analysis in the machine learning models and further justified the selection of
specific predictors.

PCA Using Top Discriminative Features

Pancamded Impasct an Family
Ciearty harmful impact
Me noticeable mpdct

i o Pasitive (mpact

Slightly mopaties Imparct

Principal Componsnt 2

Principal Component 1

Figure 11. PCA projection based on the six most significant input variables [A8]

To assess which variables had the greatest influence on prediction performance, feature importance
was compared across the four models. Regardless of the method applied, in all cases the variable
describing the perceived impact of smoking on family relationships was the most important. Next in
rank were variables such as family conflicts, participant age, and the presence of smokers in the
family. While specific values differed between models, the general order of the most important
features remained consistent. The comparison of the top predictors is presented in Table 6.
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Table 6. Comparison of feature importance (normalised values) across machine learning models [AS]

Feature Decision tree Ensemble SVM k-NN
Gender 0 0.0085 0 0
Age 0 0 0.0167 0
Do you smoke 0 0 0 0
Smoking 0 0.0023 0 0
frequency
Age of smoking 0 0.0031 0.0067 0
nitiation
Smoking family 0 0 0.0133 0
members
Family conflicts
.0381 .
(FRAC) 0.038 0 0 0.008
Impact of smoking 0.1875 0.1459 0.1867 0.2433
on relationships
Family acceptance 0 0 0 0

The machine learning models achieved high accuracy in predicting the impact of smoking on
family relationships (Table 7), with the ensemble model reaching the highest accuracy of 93.33%,
outperforming other models such as k-NN (90.00%), decision trees (83.33%), and SVM (80.00%).
Feature importance analysis confirmed that variables related to the perceived impact of smoking on
family relationships had the strongest effect on predictive performance.

Table 7. Performance evaluation of machine learning models [A8]

Model Accuracy Precision Recall F1 score
Decision tree 83.33% 0.79 0.70 0.74
Ensemble learning 93.33% 0.91 0.91 0.91

Support Vector o
Machine (SVM) 80.00% 0.60 0.75 0.67
k-Nearest
Neighbours 90.00% 0.90 0.82 0.86
(k-NN)

The main limitation of the study was the relatively small number of participants (100), which
may affect the generalisability of results to the broader population. Additionally, the use of
self-administered questionnaires could introduce bias related to participants’ subjective assessments.
Nevertheless, the findings highlight the importance of family relationships in the context of smoking
behaviours and suggest that public health interventions should take these aspects into account. The
application of machine learning methods to the analysis of health-related behaviours opens new
possibilities for identifying individuals at increased risk of addiction and for developing personalised
intervention programmes. Future research should focus on increasing the sample size and including
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additional variables, such as socio-economic status, stress levels, and social support, to better
understand the complexity of smoking-related behaviours.
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3.12. Body Composition and Metabolic Profiles in Young

Adults: A Cross-Sectional Comparison of People Who Use
E-Cigarettes, People Who Smoke Cigarettes, and People
Who Have Never Used Nicotine Products [A9]

The aim of this study was to assess the impact of regular e-cigarette use on selected metabolic
parameters and body composition in healthy young adults. In contrast to most studies focusing on the
respiratory and cardiovascular systems, the present research addressed a less-studied area: changes in
body structure and parameters related to metabolism, such as total body water content, lean body
mass, and metabolic age. The study included three groups of participants (N = 120, 20 participants in
each group): non-smokers (control group), e-cigarette users, and conventional cigarette smokers.
Participant characteristics are shown in Table 8. Bioelectrical impedance analysis (BIA) was
performed using a multi-frequency, diagnostic-grade medical analyzer. Measurements included:
muscle mass, total body water (TBW), body fat content, metabolic age, body mass index (BMI), and
visceral fat level.

Table 8. Characteristics of study participants [A9]

Variable All participants | Tobacco smokers | E-cigarette users Non-smokers
(N = 60) (n = 20) (n = 20) (n = 20)
Age (years) 22.0 [2.25] 22.0 [2.25] 20.5 [3.0] 22.0[1.75]
Height (cm) 173.5 [16.25] 176.5 [8.0] 170.0 [12.25] 171.5 [20.75]
Body mass (kg) | 65.35[13.35] 68.75 [20.15] 65.35 [4.8] 62.1 [21.08]
BMI (kg/m?) 22.3 [3.55] 22.05 [4.62] 23.4 [1.33] 21.05 [3.2]
Body fat (%) 15.35 [5.87] 12.95 [7.17] 16.35 [4.32] 11.2 [5.15]
Visceral fat (level) 2.0 [2.0] 2.0 [2.25] 2.0 [2.0] 1.0 [1.0]
Muscle mass (kg) | 47.35 [17.7] 52.25 [15.88] 46.6[10.2] 45.75 [20.67)
Total b(‘:;ol)y water 1 35 1113.12] 39.7 [14.9] 31.05 [6.1] 30.85 [14.55]
Metabolic age 18.0 [13.25] 23.5[17.0] 23.5[13.0] 15.5 [5.5]
(years)
Sex — male (%) 15 (41.7%) 7 (58.3%) 2 (16.7%) 5 (41.7%)
Sex — female (%) | 21 (58.3%) 5 (41.7%) 10 (83.3%) 7 (58.3%)

Results showed that e-cigarette users had a significantly higher metabolic age (mean +3.6
years relative to chronological age) compared to the control group (mean —1.1 years). This difference
was statistically significant (p < 0.01) and suggests disturbances in basal metabolism that may be
linked to chronic exposure to nicotine or other chemical compounds present in the aerosol (Table 9).
Conventional cigarette smokers also exhibited an elevated metabolic age; however, the differences
were less pronounced than in the e-cigarette group, which may indicate different underlying
mechanisms. Total body water and muscle mass were significantly lower in e-cigarette users
compared to the control group (mean TBW: 50.3% vs. 54.7%, p < 0.05), which may reflect mild
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dehydration or chronic activation of the stress axis. BMI and visceral fat values did not differ
significantly between groups; however, the segmental muscle mass index was lower among ENDS
users, suggesting subtle alterations in metabolic homeostasis and potentially weakened anabolic
profile. A multivariate regression analysis controlling for confounders such as sex, physical activity
level, and dietary habits confirmed that e-cigarette use remained a significant predictor of higher
metabolic age and reduced lean body mass (p < 0.05). Additionally, correlations between selected
lifestyle variables (sedentary time, coffee consumption, energy drink consumption) and metabolic
parameters were examined. No significant associations were found between sedentary time and BMI,
metabolic age, BMR, or percentage body fat. Similarly, coffee consumption was not significantly
correlated with any of the analyzed parameters. However, regular consumption of energy drinks
showed statistically significant positive correlations with BMI (r = 0.49; p = 0.0025), metabolic age
(r=0.61; p=10.0001), and body fat percentage (r = 0.65; p < 0.0001), suggesting a potential link with
an adverse metabolic profile.

Table 9. Between-group comparisons for tobacco and e-cigarette users for continuous variables
(non-parametric tests) [A9]

Variable p (Kruskal-Wallis) S(igzﬁec::;;?crgfrircif;gs Significance
Metabolic age 0.0429 Non-s]?r_lzif:rrsegszv(io 248) significant
Body fat (%) 0.0203 Non-jl;;(g:rrsezfszv()s.b 127) significant

BMI 0.0295 NOH_;ZE:::ESS:VS"O 199) significant
Chronological age 0.0721 Non_i‘;f;::t?ivg .' 0938) trend
f:j;glilizgi 0.0007 Non—s];:r;(iliiarrse(t;ei \(/)sOO 11); significant
vs. Smokers (p = 0.0480)

In the exploratory part, supervised machine learning models were used to classify participants
according to smoking status. The initial decision tree model built on the full set of features achieved
moderate classification accuracy (50.0%). After reducing the number of features to the eight most
relevant (including metabolic age, BMI, and body fat percentage), accuracy increased to 66.67%.
Alternative models (Random Forest — 61.1%; k-NN — 72.22%) indicated that the k-NN classifier was
the most effective in distinguishing smokers from non-smokers in this population. Feature importance
analysis confirmed the key role of metabolic indicators as predictors of smoking status.

Despite limitations such as the cross-sectional design and reliance on self-reported data (e.g.,
physical activity), the results suggest that e-cigarettes may affect the body’s metabolic functioning
even in young, healthy individuals. The authors highlight the need for long-term prospective studies
incorporating biochemical markers and advanced body composition imaging methods to confirm and
further explore these findings. This study broadens the current understanding of ENDS effects,
showing that their impact is not limited to the respiratory system but may also influence body weight
regulation, fluid balance, and metabolic aging processes.
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3.13. Postural Control and Gait Alterations in Young Adult
Tobacco and E-Cigarette Users: A Comparative
Stabilometric and Treadmill-Based Analysis [A10]

In this study, postural control and gait parameters were compared among three groups of
young adults: e-cigarette users (ECIG), conventional cigarette smokers (CIG), and non-smokers (NS).
The motivation for this analysis was the growing popularity of e-cigarettes and the lack of clear
evidence regarding their impact on biomechanical functions. It was hypothesized that chronic use of
nicotine-containing products, regardless of their form, could adversely affect balance and gait
parameters, which are sensitive indicators of neuromuscular system functioning. The study was
cross-sectional and included 60 healthy participants (mean age 21.3 + 1.7 years). Each group
comprised 20 individuals. Group allocation was based on self-reported lifestyle and nicotine use
habits. Inclusion criteria required at least six months of regular use of the respective product
(traditional cigarettes or e-cigarettes) or complete lack of nicotine exposure for the control group.
Exclusion criteria included neurological, orthopedic, or balance disorders, intensive sports training, or
the use of medications affecting the central nervous system. Postural stability was measured using the
Zebris FDM-T System platform (Zebris Medical GmbH, Germany). Participants stood barefoot on the
platform for 30 seconds under two conditions: eyes open (EO) and eyes closed (EC). Primary
stabilometric indicators were recorded: center of pressure (COP) path length, COP velocity, and 95%
confidence ellipse area (COP area).

In the EO condition, the CIG group demonstrated the longest COP path (42.27 £+ 4.99 cm),
significantly longer than the NS group (38.22 £+ 3.89 cm; p = 0.025). E-cigarette users obtained an
intermediate value (41.24 + 4.50 cm), which did not differ significantly from the other groups. In the
EC condition, the effect was more pronounced: CIG (46.47 = 5.44 cm) vs. NS (41.43£4.23 cm; p=
0.018), while the ECIG group reached 44.18 + 4.63 cm. These findings indicate a clear deterioration
in postural control among conventional smokers and possible early changes in e-cigarette users,
particularly visible under conditions without visual compensation. Gait parameter analysis, also
conducted using the Zebris FDM-T platform, revealed significantly shorter step length in the CIG
group (70.12 £ 3.52 cm) compared to NS (74.24 + 4.25 cm; p = 0.003), while ECIG obtained an
intermediate value (71.69 + 3.97 cm), not significantly different from the other groups. Walking speed
was also lowest in conventional smokers (1.18 = 0.08 m/s) compared to NS (1.26 + 0.09 m/s; p =
0.022), with ECIG again in between (1.22 + 0.10 m/s). No significant differences between groups
were found for foot—ground contact time or the rollover phase. Table 10 presents post-hoc
comparisons between groups for selected biomechanical parameters.

Table 10. Post-hoc comparisons between group pairs for all conditions. Dashes (—) indicate that the
comparison was not among the lowest p-values [A10]

Variable Test NS vs ECIG NS vs CIG ECIG vs CIG
Body mass index | Kruskal-Wallis
(BMI) test 0.001 0.323 0.218
Force under left
ANOVA 474 . .051
forefoot (N) OoV. 0.47 0.037 0.05
Force under left ANOVA 0.389 0.033 0.098
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rearfoot (N)
Gait cycle duration | Kruskal-Wallis 0.012 _ 0.282
(s) test
Maximum force — | Kruskal-Wallis
.04 - 1
left forefoot (N) test 0.047 0.138
Mammum force — | Kruskal-Wallis 0.055 _ 0.148
right forefoot (N) test
Maximum load — | Kruskal-Wallis
left heel (N) test B 0.042 0.091
Me.1x1mum load — | Kruskal-Wallis 0.023 0.071 _
right heel (N) test
Average step ANOVA 0.005 0.153 0.072
length (cm)
Average maximum .
kal-Wall
load — left forefoot Krus :lestwa s 0.047 - 0.138
(N)
Step length (right ANOVA 0.003 0.123 0.256
leg, cm)

Additionally, to identify the most important features differentiating the user groups, the
ReliefF algorithm was applied to assess variable importance in the classification context.

Subsequently, supervised classifiers — including decision trees, support vector machines (SVM),

k-nearest neighbors (k-NN), and logistic regression — were used to distinguish between groups based

on selected biomechanical features. The highest accuracy (82.8%) was achieved with logistic

regression in differentiating non-smokers from e-cigarette users (Table 11). Furthermore, principal

component analysis (PCA) and confusion matrices confirmed the ability of these models to capture
subtle differences in postural and gait parameters that were not clearly visible in traditional statistical

analyses.

Table 11. Classification accuracy for group pairs and models (5-fold cross-validation) [A10]

E-cigarette users

Group 1 Group 2 Model Accuracy
Decision tree 0.393
Non-smokers Cigarette smokers SVM (linear) 0.571
k-NN (k=5) 0.536
Logistic regression 0.536
Decision tree 0.621
Non-smokers SVM (linear) 0.793
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k-NN (k=5) 0.552

Logistic regression 0.828

Decision tree 0.370

Cigarette smokers E-cigarette users SVM (linear) 0.481
k-NN (k=5) 0.444

Logistic regression 0.519

The findings indicate gait biomechanics and postural stability impairments in conventional
smokers, with e-cigarette users showing intermediate values, suggesting the possibility of subclinical
effects. The deterioration of balance parameters in the eyes-closed condition suggests weakened
sensory compensation and reduced integration of proprioceptive and vestibular signals in individuals
exposed to nicotine. Although e-cigarette users did not present significantly worse values than
non-smokers, noticeable trends suggest that even this form of nicotine consumption may affect the
postural system.

The authors note limitations, such as the small sample size and lack of nicotine concentration
control, but emphasize that these findings should serve as a starting point for further longitudinal and
neurophysiological research. This publication is among the first to combine balance and gait
assessment in the context of e-cigarette use, highlighting the need to include such measures in
a comprehensive evaluation of the neuromotor health effects of these products.
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3.14. E-Cigarette Users Exhibit Stronger Cardiovascular
Reactivity than Smokers: Evidence from a Multimodal
Signal Analysis in Young Adults [A11]

In this study, an attempt was made to assess the impact of conventional cigarette smoking and
e-cigarette use on selected cardiovascular and respiratory parameters using an integrated vector
analysis of multimodal data. The primary objective was to identify characteristic physiological
patterns that could distinguish three nicotine-user populations — non-smokers, e-cigarette users, and
conventional cigarette smokers — under physiological stress induced by an exercise test. The study
included 60 healthy volunteers (mean age 21.7 + 1.9 years), evenly divided into three groups (N = 20
each): non-smokers (NS), e-cigarette users (ECIG), and conventional cigarette smokers (CIG).
Eligibility for the user groups required regular use of the respective product for at least one year.
Exclusion criteria included cardiovascular, respiratory, and metabolic diseases, as well as the use of
medications affecting the studied parameters. Physiological signals were recorded in three phases: at
rest, immediately after completion of a standard treadmill exercise, and after a return-to-rest phase. In
each phase, synchronous measurements were taken for heart rate (HR), oxygen saturation (SpOx:),
systolic and diastolic blood pressure (SYS, DIA), mean arterial pressure (MAP), and respiratory rate
(RR). The synchronously collected data were transformed into vector form and then analyzed using
exploratory methods such as machine learning classifiers (decision trees, logistic regression) to
identify features with the highest diagnostic value.

The results showed clear differences between groups, particularly after exercise. During the
effort phase, traditional smokers reached the highest systolic blood pressure and heart rate values
compared with e-cigarette users and non-smokers. However, the analysis of AHR (Effort — Rest)
revealed that e-cigarette users exhibited the greatest increase in heart rate relative to rest, significantly
higher than both non-smokers and traditional smokers (ANOVA p = 0.01366, Tukey’s post hoc p <
0.03 for both comparisons) (Fig. 12).
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Figure 12. Boxplot of AHR values in the three study groups (p = 0.01366, ANOVA) [A11]

The drop in SpO: during effort was analyzed as the difference between resting and post-exercise
values (ASpO: Rest—Effort). The largest mean decrease was observed in e-cigarette users (—1.45% +
1.23), followed by traditional smokers (—1.20% = 0.89) and non-smokers (—1.05% =+ 1.28). These
differences, however, did not reach statistical significance (p = 0.3712; Fig. 13).

ASp0: (%)

Figure 13. Boxplot of ASpO: (recovery — exercise) in the three study groups. E-cigarette users showed
the greatest improvement in oxygen saturation (SpO:) during the recovery phase. The observed trend
approached statistical significance (p = 0.0700, Kruskal-Wallis test) [A11]
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Recovery time parameters were prolonged in both CIG and ECIG groups compared with NS (Fig. 14).
The mean recovery time of HR was longest in e-cigarette users: 123.9 s (SD 17.3), significantly
longer than in non-smokers: 65.6 s (SD 10.9) and traditional smokers: 72.2 s (SD 15.0)
(Kruskal-Wallis p < 0.001, post hoc ECIG vs NS and ECIG vs CIG: p <0.001, Cohen’s d = 4.03 for
ECIG vs NS). These results indicate a substantial burden on the autonomic system in regular
e-cigarette users, likely due to excessive sympathetic activation and reduced parasympathetic
reactivation.
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Figure 14. Boxplot of recovery time (in seconds) in the three study groups. E-cigarette users showed
significantly longer recovery times compared to both conventional smokers and non-smokers (p <
0.001, Kruskal-Wallis test) [A11]

The classification models achieved an accuracy ranging from 71.7% (logistic regression) to
75.0% (decision trees), confirming the potential of vector-based multimodal signal analysis in
evaluating physiological load associated with nicotine use (Table 12). The most important predictive
feature was AHR.

Table 12. Comparison of model performance (accuracy, AUC, log-loss) [A11]

Model Accuracy (%) AUC
Logistic regression 71.67 0.681
Decision trees 75.00 0.750

The authors highlight significant differences not only between smokers and non-smokers but
also between e-cigarette users and nicotine-free individuals. Although the ECIG group displayed
intermediate parameter values, some — such as recovery time and SpO: drop — more closely
resembled those observed in conventional smokers than in the control group, suggesting hidden
physiological effects of nicotine aerosol despite the absence of tar. In addition, AHR was the only
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parameter to show a significant correlation with recovery time (r = 0.264, p = 0.0417), confirming its
value as a biomarker of autonomic load. The study’s limitations include its cross-sectional design,
small sample size, and lack of biochemical measurements (e.g., cotinine levels). Nevertheless, this
work provides important evidence of possible subclinical cardiorespiratory disturbances in young
nicotine users and highlights the potential of integrating multimodal data in physiological analysis.
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3.15.  Summary

The present doctoral dissertation, based on a cycle of eleven scientific publications,
constitutes an interdisciplinary and multi-level analysis of the effects of electronic and conventional
cigarette smoking on the human body, with particular emphasis on the functioning of the respiratory
and cardiovascular systems, as well as metabolic and posturo-motor aspects. The conducted studies
reveal the complexity of the physiological response to nicotine exposure and accompanying
compounds — originating both from cigarette smoke and from the aerosol generated by electronic
devices. The work encompassed, in sequence: the assessment of the chemical composition of the
aerosol; the development and validation of mathematical models (PBPK, Markov, and agent-based);
the evaluation of the effectiveness of various health interventions; and human experiments —
including stabilometric tests, exercise tests, metabolic measurements, and biomedical signal
recordings. The integration of such diverse methods enabled an in-depth analysis of differences
between users of conventional and electronic cigarettes and non-smokers, at molecular, physiological,
and behavioral-social levels.

The results indicate that, despite the absence of combustion processes, the use of electronic
cigarettes is associated with exposure to heavy metals (originating from heating element components),
adverse effects on the cardiovascular response, and — in the case of dual users — deterioration of the
metabolic profile. At the same time, it was demonstrated that the body’s responses to e-cigarettes
differ qualitatively from those induced by conventional cigarettes, confirming the need to treat these
forms of exposure separately in population and clinical research. The developed mathematical models
and data analysis methods may prove useful not only in scientific research but also as tools to support
decision-making in public health policy, addiction prevention, and the individualization of smoking
cessation therapy. Population studies also provided data on the psychosocial and environmental
determinants of smoking, facilitating the identification of at-risk groups and the design of targeted
educational interventions.

This dissertation highlights the importance of an integrative approach that combines
knowledge from biomedical engineering, physiology, public health, and social sciences. The results
provide a significant contribution to the development of interdisciplinary methods for assessing health
risks associated with the use of novel nicotine products. They also emphasize the need for long-term
studies addressing both health outcomes and the effectiveness of preventive and therapeutic
interventions in young adult populations. The originality of the dissertation lies in combining
biological and social data with advanced computational tools and artificial intelligence, which enabled
the identification of complex mechanisms of nicotine dependence and its consequences. The scientific
contribution includes the development of new mathematical and simulation models as well as the
implementation of human studies, the results of which were used to validate the proposed approaches.
Thus, the dissertation not only delivers new empirical findings but also provides tools with potential
applications in health policy, addiction prevention, and the personalization of smoking cessation
strategies. In summary, the research objectives of this dissertation have been achieved, and the
research hypotheses have been confirmed through the presented series of publications.

95



Bibliografia

96

L.

10.

11.

12.

13.

World Health Organization. WHO report on the global tobacco epidemic, 2023: Protect
people from tobacco smoke. Geneva: World Health Organization; July 2023. ISBN:
978-92-4-007716-4.

Centers for Disease Control and Prevention. Health effects of cigarette smoking. August
2024. Available from:
https://www.cdec.gov/tobacco/data_statistics/fact sheets/health effects/effects cig_smoking/
(accessed August 10, 2024).

Scientific Committee on Health, Environmental and Emerging Risks (SCHEER). Opinion on
electronic cigarettes. April 16, 2021.

Center for Research on Social Opinion. Nicotine consumption: a report from quantitative
research for the Office of Chemical Substances. 4th ed. November 2021 [in Polish]. Available
from:  https: | hemikalia/monitorowanie-rynku-e-papier (accessed
April 21, 2025).

Przewozniak K, Koczkodaj P, Manczuk M, Didkowska J. Tobacco, e-cigarette and heated
tobacco use in Poland: findings from the Global Youth Tobacco Survey 1999-2022. Tob Prev
Cessat. 2023;9:20. doi:10.18332/tpc/172815.

Glasser AM, Johnson AL, Niaura RS, Abrams DB, Pearson JL. Youth vaping and tobacco use
in context in the United States: results from the 2018 National Youth Tobacco Survey.
Nicotine Tob Res. 2021 Oct 8;23(11):1958-1966. doi:10.1093/ntr/ntab039. PMID: 33693630;
PMCID: PMC8508689.

Institute of Economic Forecasts and Analyses. A market of disposable e-cigarettes in Poland.

Warsaw: February 2024 [in Polish]. Available from:
https://www.ipag.org.pl/Content/Uploaded/files/2024 02_01_ Raport IPAG_e-papierosy.pdf

(accessed April 21, 2025).

Saha SP, Bhalla DK, Whayne TF Jr, Gairola C. Cigarette smoke and adverse health effects: an
overview of research trends and future needs. Int J Angiol. 2007 Fall;16(3):77-83.
doi:10.1055/s-0031-1278254. PMID: 22477297; PMCID: PMC2733016.

Onor 10, Stirling DL, Williams SR, Bediako D, Borghol A, Harris MB, Darensburg TB, Clay
SD, Okpechi SC, Sarpong DF. Clinical effects of cigarette smoking: epidemiologic impact
and review of pharmacotherapy options. Int J Environ Res Public Health. 2017
Sep;14(10):1147. doi:10.3390/ijerph14101147. PMID: 29053653; PMCID: PMC5664763.
Centers for Disease Control and Prevention (US); National Center for Chronic Disease
Prevention and Health Promotion (US); Office on Smoking and Health (US). How tobacco
smoke causes disease: the biology and behavioral basis for smoking-attributable disease: a
report of the Surgeon General. Atlanta (GA): Centers for Disease Control and Prevention
(US); 2010. Chapter 3, Chemistry and toxicology of cigarette smoke and biomarkers of
exposure and harm.

Perfetti TA, Rodgman A. The complexity of tobacco and tobacco smoke. Beitr Tabakforsch
Int. 2011;24(5):215-232. doi:10.2478/cttr-2013-0905.

Perfetti TA, Gentry J, Reilly S, Rodgman A. An updated analysis of the complexity of
tobacco and tobacco smoke. Beitr Tabakforsch Int. 2014;26(5):239-270.
doi:10.2478/cttr-2014-0017.

Stolerman IP, Jarvis MJ. The scientific case that nicotine is addictive. Psychopharmacology
(Berl). 1995;117(1):2—10; discussion 14-20. doi:10.1007/BF02245088. PMID: 7724697.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Rodgman A, Perfetti TA. The chemical components of tobacco and tobacco smoke. 2nd ed.
Boca Raton (FL): CRC Press; 2013.

Fernandez E, Ballbé¢ M, Sureda X, Fu M, Salté E, Martinez-Sanchez J. Particulate matter
from electronic cigarettes and conventional cigarettes: a systematic review and observational
study. Curr Environ Health Rep. 2015;2:423-429. doi:10.1007/s40572-015-0072-x.

Peace MR, Baird TR, Smith N, Wolf CE Jr, Poklis JL, Poklis A. Concentration of nicotine
and glycols in 27 electronic cigarette formulations. J Anal Toxicol. 2016 Feb;40(3):230-238.
doi:10.1093/jat/bkv142. PMID: 26864891.

Pulvers K, Nollen NL, Rice M, Schmid CH, Qu K, Jin Y, et al. Effect of pod e-cigarettes vs
cigarettes on carcinogen exposure among African American and Latinx smokers: a
randomized clinical trial. JAMA Netw Open. 2020 Dec 1;3(12):¢2026324.
doi:10.1001/jamanetworkopen.2020.26324. PMID: 33337492; PMCID: PMC7746248.
Margham J, McAdam K, Cunningham A, Porter A, Fiebelkorn S, Mariner D, Digard H,
Proctor C. The chemical complexity of e-cigarette aerosols compared with the smoke from a
tobacco burning cigarette. Front Chem. 2021;9:743060. doi:10.3389/fchem.2021.743060.
Goniewicz ML, Knysak J, Gawron M, Kosmider L, Sobczak A, Kurek J, Benowitz NL.
Levels of selected carcinogens and toxicants in vapour from electronic cigarettes. Tob
Control. 2014;23(2):133—-139. doi:10.1136/tobaccocontrol-2012-050859.

Sahu R, Shah K, Malviya R, Paliwal D, Sagar S, Singh S, Prajapati BG, Bhattacharya S.
E-cigarettes and associated health risks: an update on cancer potential. Adv Respir Med. 2023
Nov  14;91(6):516-531.  doi:10.3390/arm91060038. PMID: 37987300, PMCID:
PMC10660480.

Ko TJ, Kim SA. Effect of heating on physicochemical property of aerosols during vaping. Int
J Environ Res Public Health. 2022 Feb 8;19(3):1892. do0i:10.3390/ijerph19031892. PMID:
35162914; PMCID: PMC8835267.

Jabba SV, Jordt SE. Risk analysis for the carcinogen acrylonitrile in e-cigarette liquids and
aerosols. Nicotine Tob Res. 2019 Jan 4;21(1):137-143. doi:10.1093/ntr/ntx167. PMID:
29059440; PMCID: PMC6304658.

Williams M, Villarreal A, Bozhilov K, Lin S, Talbot P. Metal and silicate particles including
nanoparticles are present in electronic cigarette cartomizer fluid and aerosol. PLoS One.
2013;8(3):¢57987.  doi:10.1371/journal.pone.0057987. PMID:  23526962; PMCID:
PMC3603976.

Arnold C. Between the tank and the coil: assessing how metals end up in e-cigarette liquid
and vapor. Environ Health Perspect. 2018 Jun 4;126(6):064002. doi:10.1289/EHP3451.
PMID: 29871363; PMCID: PMC6084876.

Oracz J, Zagdzon M, Josko-Ochojska J, Marcinkowski JT. Indoor particulate matter exposure
from smoking and vaping. Rocz Panstw Zakl Hig. 2021;72(3):263-270.
doi:10.32394/rpzh.2021.0165. PMID: 34542159.

Harber P, Saechao K, Boomus C. Diacetyl-induced lung disease. Toxicol Rev.
2006;25(4):261-272. doi:10.2165/00139709-200625040-00006.

Szparaga M, Swiercz R, Stepnik M. Review of data on chemical content in an aerosol
resulting from heating a tobacco or a solution used in e-cigarettes and in the smoke generated
from the reference cigarettes. Toxicol Mech  Methods. 2021;31:323-333.
doi:10.1080/15376516.2021.1884922.

McConnell R, Barrington-Trimis JL, Wang K, Urman R, Hong H, Unger J, et al. Electronic
cigarette use and respiratory symptoms in adolescents. Am J Respir Crit Care Med.
2017;195:1043-1049. doi:10.1164/rccm.201604-08040C.

97



98

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Schweitzer RJ, Wills TA, Tam E, Pagano I, Choi K. E-cigarette use and asthma in a
multiethnic sample of adolescents. Prev Med. 2017;105:226-231.
doi:10.1016/j.ypmed.2017.09.023.

Lee HW, Park SH, Weng MW, Wang HT, Huang WC, Lepor H, Wu XR, Chen LC, Tang MS.
E-cigarette smoke damages DNA and reduces DNA repair in lung cells. Nicotine Tob Res.
2018 Jan 5;20(1):e30-e39. doi:10.1093/ntr/ntx272. PMID: 29165624; PMCID:
PMC5880022.

Tang MS, Wu XR, Lee HW, Xia Y, Deng FM, Moreira AL, Chen LC, Huang WC, Lepor H,
Yu J, Frenkel K. Electronic-cigarette smoke induces lung adenocarcinoma and bladder
urothelial hyperplasia in mice. Proc Natl Acad Sci U S A. 2019 Oct 15;116(43):21727-21731.
doi:10.1073/pnas.1911321116. PMID: 31591243; PMCID: PMC6815140.

Lee HW, Park SH, Alhassani OK, Pietsch AP, Chong S, Alfaraj S, Varughese S, Madan T,
Tang MS. E-cigarette aerosols promote lasting expression of proinflammatory cytokines, such
as IL-lo and IL-6, after cessation. Mol Carcinog. 2020 Jan;59(1):155-167.
doi:10.1002/mc.23138. PMID: 31633807; PMCID: PMC6914003.

Xie W, Tackett AP, Berlowitz JB, et al. Association of electronic cigarette use with respiratory
symptom development among US young adults. Am J Respir Crit Care Med.
2022;205(11):1320-1329. doi:10.1164/rccm.202107-17180C.

Niaura R, Grana R, Abrams D. Tobacco harm reduction in the 21st century. In: Boyle P, Gray
N, Henningfield J, Seffrin J, Zatonski W, editors. Tobacco: science, policy and public health.
2nd ed. Oxford: Oxford University Press; 2010. p. 211-221.

Beard E, West R, Michie S, Brown J. Association between electronic cigarette use and
changes in quit attempts, success of quit attempts, use of smoking cessation pharmacotherapy,
and use of stop smoking services in England: time series analysis of population trends. BMJ.
2016 Sep 13;354:i14645. doi:10.1136/bmj.i4645. PMID: 27624188; PMCID: PMC5029700.
Liu X, Lu W, Liao S, Deng Z, Zhang Z, Liu Y, et al. Efficiency and adverse events of
electronic cigarettes: a systematic review and meta-analysis (PRISMA-compliant article).
Medicine (Baltimore). 2018 Apr;97(19):¢0324. doi:10.1097/MD.0000000000010324. PMID:
29768325; PMCID: PMC5965039.

McRobbie H, Bullen C, Hartmann-Boyce J, Hajek P. Electronic cigarettes for smoking
cessation and reduction. Cochrane Database Syst Rev. 2014 Dec;2014(12):CD010216.
doi:10.1002/14651858.CD010216.pub2. PMID: 25515689.

Kalkhoran S, Glantz SA. E-cigarettes and smoking cessation in real-world and clinical
settings: a systematic review and meta-analysis. Lancet Respir Med. 2016 Feb;4(2):116-128.
doi:10.1016/S2213-2600(15)00521-4. PMID: 26776875; PMCID: PMC4733236.

Kalkhoran S, Grana RA, Neilands TB, Ling PM. Dual use of smokeless tobacco or
e-cigarettes with cigarettes and cessation. Am J Health Behav. 2015 May;39(2):277-284.
doi:10.5993/AJHB.39.2.14. PMID: 25564824; PMCID: PMC4724432.

Soneji S, Barrington-Trimis JL, Wills TA, Leventhal AM, Unger JB, Gibson LA, et al.
Association between initial use of e-cigarettes and subsequent cigarette smoking among
adolescents and young adults: a systematic review and meta-analysis. JAMA Pediatr. 2017
Aug 1;171(8):788-797. doi:10.1001/jamapediatrics.2017.1488. PMID: 28654986; PMCID:
PMC5656237.

Eaton DL, Kwan LY, Stratton K, editors. Public health consequences of e-cigarettes.
Washington (DC): National Academies Press (US); 2018 Jan 23. Available from:
https://nap.nationalacademies.org/catalog/24952/public-health-consequences-of-e-cigarettes
(accessed April 19, 2025).



42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Kalkhoran S, Glantz SA. Modeling the health effects of expanding e-cigarette sales in the
United States and United Kingdom: a Monte Carlo analysis. JAMA Intern Med. 2015
Oct;175(10):1671-1680. doi:10.1001/jamainternmed.2015.4209. PMID: 26322924; PMCID:
PMC4822537.

Cherng ST, Tam J, Christine PJ, Meza R. Modeling the effects of e-cigarettes on smoking
behavior: implications for future adult smoking prevalence. Epidemiology. 2016
Nov;27(6):819-826. doi:10.1097/EDE.0000000000000497. PMID: 27429053; PMCID:
PMC5055424.

Jha P, MacLennan M, Chaloupka FJ, Yurekli A, Ramasundarahettige C, Palipudi K, et al.
Global hazards of tobacco and the benefits of smoking cessation and tobacco taxes. In:
Gelband H, Jha P, Sankaranarayanan R, Horton S, editors. Cancer: disease control priorities.
3rd ed. Vol. 3. Washington (DC): The International Bank for Reconstruction and
Development/The World Bank; 2015. p. 175-193. doi:10.1596/978-1-4648-0349-9 ch10.
Committee on the Public Health Implications of Raising the Minimum Age for Purchasing
Tobacco Products; Board on Population Health and Public Health Practice; Institute of
Medicine; Bonnie RJ, Stratton K, Kwan LY, editors. Public health implications of raising the
minimum age of legal access to tobacco products. Washington (DC): National Academies
Press (US); 2015 Jul 23. Chapter 4, The effects of tobacco use on health.

King BA, Jama AO, Marynak KL, Promoff GR. Attitudes toward raising the minimum age of
sale for tobacco among U.S. adults. Am J Prev Med. 2015 Oct;49(4):583-588.
doi:10.1016/j.amepre.2015.05.012. PMID: 26163165; PMCID: PMC7184439.

Shi Y, Cummins SE, Zhu SH. Use of electronic cigarettes in smoke-free environments. Tob
Control. 2017 Sep;26(e2):e19—22. doi:10.1136/tobaccocontrol-2016-053118. PMID:
27729333; PMCID: PMC5329665.

van der Eijk Y, Glantz SA. Phasing-out sales of cigarettes should be coupled with phasing-out
sales of alternative nicotine delivery products. Tob Control. 2018 Nov;27(6):662—663.
doi:10.1136/tobaccocontrol-2017-054003. PMID: 29440355; PMCID: PMC6125086.

Kenkel DS, Peng S, Pesko MF. Health provider advice and adult tobacco use: new evidence
from the Tobacco Use Supplement to the Current Population Survey. Med Care. 2017
May;55(5):436-441. doi:10.1097/MLR.0000000000000692. PMID: 28187039.

Stead LF, Perera R, Bullen C, Mant D, Lancaster T. Nicotine replacement therapy for
smoking cessation. Cochrane Database Syst Rev. 2008 Jan 23;(1):CD000146.
doi:10.1002/14651858.CD000146.pub3. PMID: 18253970.

Rose JJ, Krishnan-Sarin S, Exil V], et al. Cardiopulmonary impact of electronic cigarettes and
vaping products: a scientific statement from the American Heart Association. Circulation.
2023;148(8):703-728. doi:10.1161/CIR.0000000000001160.

99



Wykaz skrotow
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AHR — zmiana czestosci akcji serca / change in heart rate

SpO: — saturacja tlenem / oxygen saturation

SYS — cisnienie skurczowe / systolic blood pressure

DIA - ci$nienie rozkurczowe / diastolic blood pressure

MAP — $rednie ci$nienie t¢tnicze / mean arterial pressure

CIG — palacze papierosdéw / cigarette smokers

ECIG — uzytkownicy e-papieroséw / e-cigarette users

NS — osoby niepalace / non-smokers

SD — odchylenie standardowe / standard deviation

d Cohena — wielko$¢ efektu Cohena / Cohen’s d effect size

PBPK - fizjologiczny model farmakokinetyczny / physiologically based pharmacokinetic
model

PM:.s — pyt zawieszony <2,5 um / particulate matter <2.5 um

SIQ+P+E+H+X — model dynamiki palenia uwzgledniajacy podatnych (S), inicjujacych (I)
i rzucajacych (Q), z korekta o czynniki polityczne (P), srodowiskowe (E), zdrowotne (H)
i ekspozycji (X) / smoking dynamics model (Susceptible—Initiator—Quitter + Policy,
Environmental, Health, Exposure factors).

NRT — nikotynowa terapia zastgpcza / nicotine replacement therapy

Multi-MOORA — metoda wielokryterialnej optymalizacji / multi-objective optimization on
the basis of ratio analysis

NESARC - Krajowe Badanie Epidemiologiczne Alkoholu i Warunkow Pokrewnych /
National Epidemiologic Survey on Alcohol and Related Conditions

EKG — elektrokardiografia / electrocardiography

PPG — fotopletyzmografia / photoplethysmography

POChHP — przewlekta obturacyjna choroba ptuc / chronic obstructive pulmonary disease

(COPD)



EVALI — uszkodzenie ptuc zwigzane z e-papierosami / e-cigarette or vaping product
use-associated lung injury

THC — tetrahydrokannabinol / tetrahydrocannabinol

DNA — kwas deoksyrybonukleinowy / deoxyribonucleic acid

WHO — Swiatowa Organizacja Zdrowia / World Health Organization

NASEM — Narodowe Akademie Nauk, Inzynierii i Medycyny / National Academies of
Sciences, Engineering, and Medicine

Css — stezenie w stanie stacjonarnym / steady-state concentration

ti/2 — okres pottrwania / half-life

OUN - osrodkowy uktad nerwowy / central nervous system

Cmax — maksymalne stezenie w osoczu / maximum plasma concentration

Tmax — czas osiggni¢cia Cmax / time to maximum concentration

SEM - skaningowa mikroskopia elektronowa / scanning electron microscopy

EDS — spektroskopia dyspersyjna energii / energy-dispersive spectroscopy

WWA — wielopierscieniowe weglowodory aromatyczne / polycyclic aromatic hydrocarbons

POD - e-papierosy typu ,,pod” (Personalized On Demand) / pod-type (Personalized On
Demand) e-cigarettes

Al — sztuczna inteligencja / artificial intelligence

PCA — analiza gtéwnych sktadowych / principal component analysis

XGBoost — metoda uczenia maszynowego boosting drzew / eXtreme gradient boosting
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Stanowiska badawcze

Realizacja omawianej rozprawy doktorskiej, wymagata zastosowania zestawu stanowisk
badawczych, obejmujacych pomiary biomechaniczne, fizjologiczne, metaboliczne, chemiczne oraz
obliczeniowe. Kazde ze stanowisk mialo charakter multidyscyplinarny i zostatlo dobrane lub
opracowane tak, aby umozliwi¢ kompleksowg ocen¢ wptywu palenia papieroséw tradycyjnych
i elektronicznych na organizm cztowieka.

Stanowisko stabilometryczne (Zebris)

Do badan nad kontrolg posturalng i chodem wykorzystano system Zebris FDM (Zebris Medical
GmbH, Germany). Stanowisko obejmowato:
e platforme stabilometryczng z czujnikami sit reakcji podtoza Zebris FDM-S, umozliwiajaca
rejestracj¢ parametrow rownowagi i trajektorii srodka nacisku (COP),
® Dbiczni¢ pomiarowa Zebris FDM-T wyposazong w matryce czujnikow, pozwalajacg na
obiektywna analiz¢ chodu i lokomocji.
Stanowisko umozliwialo prowadzenie zaro6wno badan w warunkach statycznych (posturografia na
platformie), jak i badan dynamicznych (analiza parametrow chodu na biezni), realizowanych
w ramach jednego zintegrowanego systemu pomiarowego.

Stanowisko do rejestracji sygnalow fizjologicznych

Réwnolegle pomiary kardiologiczne i oddechowe prowadzono z wykorzystaniem aparatury kliniczne;j
Vista 120S. Stanowisko umozliwiato jednoczesna rejestracje:

e FEKG,

e cisnienia tetniczego (SYS, DIA, MAP),

e saturacji krwi tlenem (SpOs).
Konfiguracja aparatury pozwalata na monitorowanie reakcji sercowo-naczyniowych i oddechowych
w warunkach kontrolowanych, z petng rejestracja czasowa sygnatow do dalszej analizy.

Stanowisko metaboliczne

Do oceny sktadu ciata i parametréw metabolicznych zastosowano analizator BIA (Bioelectrical
Impedance Analysis). Stanowisko to obejmowato pomiar catkowitej zawartosci wody ustrojowe;j,
udzialu tkanki tluszczowej oraz wieku metabolicznego. Aparatura byta uzupeilniona o zestaw
standaryzowanych kwestionariuszy stylu zycia, co pozwalato na taczenie wynikow pomiarowych
z danymi ankietowymi.

Stanowisko do analizy aerozolu

W celu wyznaczenia charakterystyki chemicznej aerozolu tytoniowego 1 e-papierosowego
opracowano stanowisko laboratoryjne do poboru probek. Sktadato si¢ ono z:

uktadu generujacego przeptyw i podcisnienie, umozliwiajacego zasysanie aerozolu,

nos$nikow wychwytujacych czastki (np. membrany nitrocelulozowe),

aparatury analitycznej: skaningowej mikroskopii elektronowej (SEM) z spektroskopia
dyspersji energii (EDS).
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Tak skonstruowane stanowisko umozliwito identyfikacje sktadu pierwiastkowego emitowanego dymu
i aerozolu.

Stanowiska obliczeniowe

Integralnym elementem zaplecza badawczego byta cze$¢ obliczeniowa, realizowana na komputerze
z wykorzystaniem dedykowanego oprogramowania, w szczego6lnosci Matlab 2024b, The Mathworks
Inc., Natick, MA, USA, oraz algorytmow sztucznej inteligencji. W tym srodowisku opracowano
1 zastosowano:
e model PBPK (Physiologically-Based Pharmacokinetic), stuzacy do opisu farmakokinetyki
nikotyny w r6znych scenariuszach uzycia,
e modele Markowa, pozwalajace na symulacje przejs¢ pomigdzy stanami uzaleznienia
i abstynencji,
e model SIQ+P+E+H+X, uwzgledniajacy czynniki podatnosci, inicjacji i zaprzestania palenia
wraz z determinantami §rodowiskowymi i politycznymi,
e narzedzia A/ML (m.in. PCA, k-NN, XGBoost), umozliwiajace analize¢ wieclowymiarowych
danych i predykcje wynikow.

Przedstawione stanowiska badawcze tworza spojny system eksperymentalny, w ktorym zintegrowano
pomiary biomechaniczne, fizjologiczne, metaboliczne, chemiczne oraz symulacje obliczeniowe.
Unikatowos$¢ tych rozwigzan polegata na mozliwosci komplementarnego badania réznych aspektow
wplywu palenia na organizm cztowieka, co nadalo pracy interdyscyplinarny i nowatorski charakter.
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lung sapmes. kmown a1 EVALL bos forduer ralsed olores. with- sovem ines peading oy hospatalizoioes and
even famlites [21 23], The dremical makeup of tradeioeal and elecimuic cigarsnes ey differ, b both contuim
mubstances thet poss sigmficant health hazards. Cigaresie smoke inclodes kigh lovels of sulfur compmmnds:
caulrsinm, leml; srscnic, wid PAHz [17.23,24]. Sulfie dioxide woa pedent b piraory iritant, wldle s il
msemie ane repognized mnanogens tat also dormgs the Mdoeys and bones [24.25]. Leéad. meanwhale, affers
neady every ofgan system oned is: espermlly danpemous i developag nerrs systems. Even wnthow
combustion, e-cigareties can expose wsers (o simile toxic elemes, The heating coils - often made from melals
[ike lend, nickel, chrotium, or afenssiin - can relerie hese mibvances wio e ascosel [26-30]. Research
Bl il e may nhals Setefoial maouma of thee metals, capecinly anlay high-hoat condtioes. [ ame:
cases, e-liqnide ey oleo soninin tmos asounis of cadmasm, further mores g rak {2830,

Flovoriig agests uséd in e-liquids pose sdditionsd poncem. Compounds sech s diaceivl often added
For bagery o seeel favors, kave been linked to beonchinlits obSierans - & raee ng sericam. disense that =cars ke
el mrways el severely pmiiret: leoathiog [311] Alboogh e-cgactien tend oo Gimtain fraer hasudor
sihstances sverall vhe peesence of These chemiconl compatists indicotes they e not withom nsk.

To better understned what mers may be exposed 1, reseerchers have tuimed o sapy-dispecsive X-ray
specmescopy |ELNSE o tfechnigue that alleen foe the detection of inergans demenis - especially metzls - m boih
caganctie soks ond ccagarenis vapor, Ulnkie roethods Chan o el o eigan: compomeds, ENE povids s
bronder elemental orerview withom reguinisg compen smuple peeparanon: s sensioviy fo & wide moge o
clements. including Tace memls, makes i an incressimgly vahoahle tool m poblse kealth research [32-54].
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This aiudy imvemigates the semenal coeposition of serosols prodeced by bot iraditinnal &igarenes
md e.cigareties. Using EDS mod 2 simmisted g sermpe 0 compares emesmons fmm storebooghe and
homeusds w-liguids weross &fferect usage conditione The nun &= 0 seeeas poleniial eponee o bamiel
glemenis Feeh an chromiem, nickel and alugesin, amd W comlibuie evidae-based dia to the ongoing
coyersation aboul the relaive health risks of unoking and vaping. Wde recem smdizs such as Halwesd of ol
L2200 [45] bave introdduced advanced aercec] trap designs for Tace metal amabesis, this sindy interexmally
mmpdoyn o chdical pircesl Rilosd o] apeeosct, The foal & 10 privide o practsesl. commmiive ovirview ol
cotigaioel aing  acceasible  samlstee Ceosditions. However, Basitations reduied oo Gler backgroond
mlmmmmi:mn’mn:hmlhiﬂd and discussed.

Maternals and methods

A GAS pes irccellulem bomng semteane Wad sekiciad i the sollaction mibarmee W dinmli ing
expodie g a sontrolled aediclal savirenment. The mureral, feemed Ty treating ca{biloss with valfune and
nifric acid {sshsiimiing hydroeod groups with mivo groupsh s haghly porous and chemscaliy siable, making it
=uitehle for the deposition usd soaly=ss of inkeled elemenis from bodh ecigansiie vapar mud tmditional Ggaretie
sirrke. The ahaly fecissd oo henvier clkinomiz with Esown nosicslopical profed, ingliding ahesesian (Al
copper { Col. chrommm (Crh, sodium (Mak sobfur 15), sbicen (54, calomn {Cha), and magnesium {8gh These
clements ore relevand dne o their presence i e-liqmd mgredients, device components, and poentind bealth reskes
whan inlaled. The o:Bquide vsed included prepylene gheeod (1407 and vegeible glveoenn (VG0 oo 5050 retin,
eoiipeed frowm Pure Chemical, Plansacemical-gmde mivotioe (Vaping Bise) was added w0 achicve a final
oncentration of &mgiel . Food-grade flovodog concenimizs were included 10 peplicaie the semory
characiensiics of commercial e-lsuids; The overall experimenial Dow = fhestmaed in Fig 1.

| | L;u ai
Lramtion il I
ariificzl 1 T'
LTy PErani
b ¥, L

Fl | Resarch singes

1. Creation of an artificial environment

A dedesied symem wis fosatnicied 1o sewilafe sahalninn geed aeroed snporme mader lahonmteey
conditions. The setup, shiwn in Figs, 2 and 3. consised of o oomical Eddenmeyer Bask 1) sealed with & robibeer
stopper 43 L whick housed the e-cigaretie device (25 Yapor was imrodnced ino the ek, where it ocommlsted
For amalyais A leernl siiearm 44) waa coniezcd s ovings (5h ¥ia fexibie ubing §6), dlbesving mwmml
gmdqﬁlmgmmdnwmlnn the chamber, ﬁﬂ'ﬁ:l,lmmiduugmmﬂlmm
Leparale configumtions were nsed for testing e-cigarerse aeposols and fraditional cigareme smake, ensring
ot st e bodology and minunizmy scEs-contmmun e
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Fig. 3 Artificiad envammment for mdiboml ciganeties ety

2. Choice of elemental deposition medium

Sevizal deposinon |u¢,-dlt mere avalused # cosore sflozive collectim of saeed partslel. Toal-bused
filiems, mirally comiidersd, proved 1Esmmbe die W combestaon Sodng westing, Seadesl filer paper remined
large pamicles (=12-15 pmj ber dbd nai capure the £ mnge of smined slemema. Nireeallulose memhnises
Ulﬁl‘th“ﬂh"jlﬂi'i“ apinn] perlonnsnce, dlfecmvely Grplaing mm"lrhﬁ Mt“lmm chaeamical
spoecim. [heir phoical compatibokiy wath the wperimenial svhup pod widy slemenial retention moge uppotesd
their s tipcegioul the stady, Tofether chanckiie <l acchainliton, cemn extpts] fom peede the &

oodl was aho wahveed. This mebeal nefbects realise deposivion within the device. Followng 1ess
iwrnlvesg b L0 peffe G comimaeus e m ool degradation, asd (il ] 190 pafEs withow efilkng. ihe ongina)
k| endhon e ey remevnl iing dainds Twes ters, ai-deiad il mesnnal for el e

3. Preparation of home-made mixture for e-cigarette

Homémade s-lipads wees pecparsd naing peopyln: glycol (PG wegemble phrosin n"Gl and
pwm - gradk fiieonine A SES0 POVG @l Wi Uﬂli to ptianeh o Govsiteicial feanmmilatin .
Tienbne was pided ro ssoch o fioal n}nwntﬁmg'nﬁ_]mtuﬂ' 5.7E ml of PO and & 4ol of VG were
crsshingl o crenls the hive Bhconioe soluting (6 ) wes then mirmdueed, Tllowed by |82 mE of foodk prs
flaver concentimie ko achieve n I0% flnoring mhe The chorm flavor profily merrored gomeberry and
caspherry e Fiowpal in e commmsneind ligmd, Adl companass fee measmred provizely uting volun el
ol The mizher vwas stared thoreughly o snrene Bl homegrueibe, s seabed o an sicEgkt coplemer uxl
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wored in o tool, dark localion. A 24-heer sizepng periesd allowed the flevors to fuily develep and sabdlize prior
to use. AN chewscad conponents used m the preparsivon of homemade esliquids. including propylese ghvood.
wegetahle glycenn, and niclins, were of phansoe cstcal-grade (LSP), exring complance with. csmbabed
puriey fed safery siundards

4. Cigarette/e-cigarette smoking simulation

all vaping s were performed mang. an Stick Pico Plos mod dEleaf) agoipped with a Wotadn
nexBE Subtank siomirar. The beatamg oil used in the Wotedo peaMIN] Svbimek slnimizer wae idenhbed e
FeCral alloy (Randsl A1 & walcly wsal menerial in vigsing devicss canpured of bon (F2), chmmnga (05,
rind plmmimum (A1) This compasiton was considered during eameetntion of FDS emils; especialby reganding
potenfal coil deprmdabon products, A 021 mesh coil wes msiallesd, operated af 60 wats—witkin the
i Brenaar's recnmmmendied range and mpical of riguber s semings. Tl configerion snmned sizhl
neroan] peeductes withoo averheanng or &y hits. Each tank was Glled with the tzsr Bquid aed S2f 10 saturate
the ooil for 10 mimres before scmvation. The salation prowosl was dessgned o mamor ovpical vapiog
befmvice. Each test lsied 5 misies and conzizted of 10 puffs taken o8 3-second mierels. Each puff lasied 4
socnnd, delivering i consisient voline of 40ml (400l kali, Tht puffing regimen apoxinns: b
consumptike: of one madiional cigartie, mabling dioect ompanses of emssoss benween products.. The
stroainrd imafion of pedf pember, dumtion. and yolnme emwred the reproducibility of remlis and the walidity af
Cross-samapde compansons. For exaded-me tesis, iwe sdditional e.cigrreme devices were 1sed 4o reflect
product varinbdit: Voopoo Dreg (Gmed wick a Pol-%i6 €015 £ mesh ool ned GeekVope Acgis {fitted with n
£Reried 020 mesh coilll Thewe wers emplned in mormal-ice o amil ool replgcememl The Voopon
codl was enmpossd of nicked-chimesem M) alloy, while the CeekWVape codl was made of Kanchal Al
LFel Al alkewl similar to the ool used in the Wolsfo tank. These models noera sebached dme fo their techescal
s banty, widssprad availnbiliy in e sonssmer meskst, md sommon sse n s:b-olumvaping. Ther inclsion
allberans fior pealintic emtibition of wer condilne

5. Elemental analysis

Elemental - compasition of afmscls -md residues nm assessed v=ng Energy Desperive Kooy
Bpectroseopy (EDSL condesied with m Oxclond Instremests Ulhm detector. The EDS syestuin woe mlegrmtesd
with & TESCAM VEGA 4 scanning elscinm mi g {SEML uperanad snder high veeuns using & secondary
elecmun {ZE) derecion at n workiss dsasce of 15moe Poor o analysis, 5+5 cm seroons of nitrocelulose
membrane were exposed m the collecion Bask A cemiral 121 em sguere was then excised and moumced for
SFM-FOS hi erslird doneiteney in amphing lacation. In sddition fo membrane salies, poil-mss oot Tnem
the e-cigansiiz codk wis Evalmisd o e trice elemant aommmalation over tame. Batkgnousd msasireeeas
were obtained froe neesed nirecellulose membranes, mbested Bomemade and commeroal e-beeids, and an
urmsed ciparetic ffer. These comeols weme wsed 1o destinguinh bescline ebememial coment fromn expomre
devivs] eoabaininatiog. 11 a3 imjeotand b ke et Eocedy Dizperaive Spectiseogrd’ IEDISL whille valmble fon
Femd-quamiinive sereenag of elemenn compodilion, lus Enamiion i deecdng cerlin elsments 3 Omos
Isvels, sl gkt of lowsanceateation mstals suel as cadimren (0d) of lead (P Thessfore. die abasuce
of these ebeinens in e resuls does nod Sefinarvely enclode their presawe:

6. Wiscosity and temperature measurement

Viseosny o oa eeitical chetlogiesd propsry of esigaens Bgials, smifealy ioflusasg b
imieractian with e heming coll. vaperizaion effciency, md overdl perfommanes. Varimiohs 0 viscosty
impar liquid vaporization mees, serosal prodoction, snd conirabute 30 coil degmdation. Therefone, viscosibe
mabyss = vial for compamig fermedetions and undersandeng their impact oo devien fumcliomlity

Lo tiis sesciwch, dymunic viscesiny mialvaes win perbeied Usig 4 Rlsomerer tvpe RSCTOPS,
Aoty 3 g of the sample wis placed on e mensnioeent piie, ihepmoatatiad wick caculnting ol @
predetermined mensnmemen® bmperztunes moging Fram 2 to 3FC. The measmremests were condacted at bour
pro-established shewr cates (200 b 20007, providng 8 copprebensne erakerion of the o-bauefs theologizal
oo



A2

All smpdes oere testad snder ideniical experiuneuiad conditions ta enmre RoCuracy and comparsbiny.
The rhenlngicad memmrements monitored changes in viscomty is 0 fnnction of temperzhine, provading insights
into bow feese varmbions coald infeesce e-liqud performance. prcticulbuly epoding vopoaesaten elfkimey
ead micyection wirh the beatig coil

To supplement the vissosing analysis, empemnire jess were condocied o evelste differnzes bemeen
home-made od commercindly wailatde eligmds. The tempemtare was measired mside $we tank doring
pnwlang, withon® reflling. 8o redlect mealistis wsage condifione. A thermeople type B wne used B theess
inkeswTens,  areg provee wad pelable meuboring of cmperanie changes witlisd the tink during
operaiio.

Results

The slemsntal eeadues prodesed by both v-cigapsites apd mdibousd cgnredss ware anslyzed under
el lung expoaine comndithons: Aspasd deposins werd collasd on piocs] lulese s b, flowing for
COMEPATALTE FESCSSIEN Boroes prodect nvpes and usege scendrics. Bol hamemade and store-boughst e-lignids
were evaieated nnder different tapk conditinns {fel. kalf and empby). alongode tadibops] cigareties. To ssome
iperimininl copstency, e Bomemade Bauul wid prepared g commen-ib g mpradiain in a
shigafied ized 50050 POGOWGE base. Addidonally, de shudy included veeweny profiling of beds e-ipad nepes,
this perameter may infuence veporcalion dyoamecs and coil degradation.

1. Elemental Composition Analysis

Elemenial muilysis wis perfonssl wemg Enengy Dispersive Korey Specinscopy (EOS) providing
derallad prodile of the chemneal conarreents present in 1l aeraols. This spprench enabisd iemtitbeation of
poientind serces of tece ebemems, inclndeg those orginsting from e-liqeid coreponents, beating coil materials,
mad obeeso comsburhion Geven e loxikologknl releance of many delvciod mefals, =ech 35 choomaan oo
i, The fadings cantnbaing menmmgrlully o die wacsaroei of ioha ko relaed Bealil nsks

To differensmes berasen baskgronnd domamnstion and expores.-indnced resldoss, FDE was also
oooducied on wmsed experosotal moberiels. These included: mbeated bomemsnde and store-boght e-ligoids
on & rotion fom. e-cgrevite heatimg omla: an umsed cigaretic il umeed cotion from e-cEgandiic hesiing
coals, and an werpessd perocelhifose membrmne. The ressks of this baseline asafivse are summansed m Table
1. The zlenn niroeellulose mermbrmee sxhibited memnable levels of hackground slements, solably chromim
(053 wits), sodimm (050wl sdicon (&8 wrh) mednessns (044 %%, and ahlemissss 10033 wit),
cofinning e membone’s poo-inert chemcver. The unheated e-liguids showed mimmal levels of copper,
sulfisr, and calcinm, mdicaiing kew imrmsic mefal content. The nre=ed ciparetie filier nme coaposed it
otirely' of cirbin imd oxygen. with ociligibie impuritice. while 1he ool conon displayed low fevels of
chenpwem. sodlum, oeed glumimem likely urndeced vin comaci with e mefallic coil Boasing . tiring
manufictaring. These bascline values establish o cnticonf reference poiet for interpesting the resnks of
subsaquent w5 poesoe sonlyess,

Tabile | Elsmenfol admyosias | Wi il atnrdesd Aoy immoe (ST of vl saied referses mabenals

| Whamemade Bquid | Siere hought lguid |

S#recrlulses | omscofirotes | anmeniiooton | Clgareits ke Cail cotiva
E Wt S0 2 wew SO wee D  wia D | wea SO
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Farther resulis fom dee [G-puff et corespondng appeocmeicly 40 the corsumption of a single
iradilionall cigaeene, ae presated o Table 2, Thas e servald se & beaclinak scénmrks, allowing Top
commporate analysis of perosol smsesons fhom both imditional esd edectmele ogaretes wonder spodand
coatrodled usage condibons. Elemental anabyss fooused om several key elements, inchading chromaum, sedmm,
memenun, salfur, chlonne, =ikon. apd oepoesnes. Mobakle daflerences B concentmtion levels betwesn
pamples offer muight tnm bow these clements behave snder gombuation, as i Wldcoo ciganslice e
WIPOCEB0N, B8 N e-cigerees

Tab. 2 Avemge mean for demental conoenimatons acooss fests om 2 mitroce |inlose membeane wth single-
cigarefie or 10 peffs (S0 - amndand devintion [%] With- weighi peroeniege [%])
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Chromimn concentmtions. wers merkodly kigher in emissioes frony e-cigareties; paiculecly m e
homeniale e-liqoid upder hall-tmk oS, where avsmps fevds feachal G00WT In compariam,
iraditions mgmrets smoke showed ooly 0033w cisemeem. This sigaifican dscrepascy may eedlec
rontampation fiom device components or coil degmdstion, paricnlrty in bomemade formdatinns. The
wanabilety of chromsem levels soross e-cigereite samples wes substangial with sieaderd deviatiors & high o
AT, migpeding inconsstencies in device inlegrity or g=ligeed-meial inferactions. Similarty, sbuminom levels
were elevatad in the hopeikds o-lipmds inder half-taek conditioe, with & iean conesirtetion of |80 wTh,
whereds other  sammples—boih comesercid md iradinomaf—esxhibned consdembly bewer wilees maging
hetepen 00 and 0036 wr¥, The pronommced venation. especinlly in homemade bouids, points to potertial
inflevpces sch a2 plompe dabdity, malsel wilh ahsEsm-comaining slsments, or theomal bresbedows theing
use. Tron wis deszened exdlusively i $e bomermade e-liped unider Bll-tank condithons 00072 w860 amd wie
bt fom  ocher samphes. s isolaied presence einfoores the Bielibhoed of onmmmasoa frony te henring
conl o ofiser imernal coesponents Suring profosged or incomphete vaporization cyele
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Amosd the mmce elements, sodium was relatively consisiess soroes 8 ecigorene oondinons, weih
meean values moging from 0.5 o (U38 wits, slighthy eocesding dwe (.24 wits found in tmaditienel ciganetic
emoks, This snbulity meggenis that srdivm enginsies from onifons ingredients or sddibzves presmt in botk bpes
ol c-liquik. Sulfir was b cosstently deoriod shewang is lheat coecrintion in e sioe-lowghn |ijesd
under empry-mnk condrions (072 witak while tmddiomal clgaece samples conmined slightby bover sulfin
poqtient 40012 wita) The overall standard devmtion for =ulber was pamew, indiceitng siable and reprosticible
prépines. Chboring weas i oo 8l cesplied, aaih the lighest cosceniration sbairval in Tomeirmeds e liguid
under Balf-tesl neage 00,17 with). Is eood erake varsbiling poings ioweed somence sonrced, much as fliviregs or
o vess shared between fonoulatces, Sdficon, fiough bess prevalent, displayed elevated levels in brmemnde -
|aguid nrder empir-fank conditions (35 wi%sl, compared @ L5 wi's in cigareiie smoke. Tho merease may be
limka® o aveheating dumeg picdongsal nse, which ol cmsc thennal Braskdmin oF wicking imateral or
leacking foorn devace DoInpole s

Together, these resubs underme the comploany md varebedity of elemestsl smissioss in s-ciganete
wopor, particiiarky ender conditioes whers the tank is pammlly depleted—cenarms that may increase metal
relonae e T coilf Stress o mcven wickiing. The findings sl confinn T cven shoei-lens g | 10 T can
lead 10 messumble {evels of mekiple mce elemenis in the insaked semsnl, with pedennial implicasons {or weer
heatth depeniding on device qualiny, e-lgnkd Sompositesi. mad usage piaferss. To farther exphore e cumnlabve
effecs of exiended product wse, elmeenal smabyses ware comducied following 100 paffs for e-cigareties and
nffer combestion of wn tmditiom] cigaeettes. These condifiony seatfied repeated use withost rehlng (in dw
cie of vapaygl, and emiblal moee cooypehsimive ommparsoas of elemesl seounnbinen over bewe, The
mvermger fels wre presenied m Tahle 3.

Teb. 3 Average meon for elemenil comestrafions soross fesis with 10 cigareies or 100 pudfs on a
nitroc efulfcse meeabeane | S0 - standand devintion [Ha]. Wi - weight percentnge [4a])

hverage Mein Elemenial Conerntathing far Asrasals Produoed Darisg B8 C igareies (100 Pally Tests
Elomas-mds Tigpuid Slore Bl Tigpuid Tidswrea rigsreie
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For several elememiy, conremmmtioes eppeared mome consizion acmoss bomemade and sinre-bough e
Iwguidls, sogpeaang. soabalizanion of emisiom wder prolimped v Chropram, G exampds, wns Sclaial &
idemmeal bavele (0.7 m%ak o bath rypes of e-lguide Inegestmaly, thic valse was alghety sxceeded o dee
tohacco cigacette grovp. which reached 030wy, Alhough this sagpests higher Cr exposure from smokasg. the
differences are pelatively small noder thess conditions. Sodasm levels alio veried modesihy betesan goups,
witl Isesmde e-liquids renching 030 w2 slightly ingher than die 0,20 wi¥d oleervad m both soee-batight e
laguids ond cigareoe smoke. This may reflen spevific addmsves or resdoal salis present in the homemide
fommlsizons. Alsmaum ml solfur remained omform sooss ol three sample bpes. with copsisient
et ntrliogs ol O | %%, indicating Ser tasd ideimenie e ather infiarnl i hasic mgrediosls or aie e arad
Uik erEndy SrE 158 e oo
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Chlorine was deiscisd paly o stors-bough - liqeids and madiionad cigareties (0.10w1% 2ach], bm za
in homemde samples This segpess that ok lorine.s entaining compounds ooy be introduced during mdnsinal -
Lsguid preductsn or cigapetie processpg. bul aw ool pressnt m DY moduees. Coosesely. mabeon and
inagncawty were fund in homeinede & baenly (9010 w3 cachi, bul wene undictscicd fn the stoe-bomghil lepuils
moadl ciparetie sanmples, Rather highisghiing romposicional diffeences aaribuoteble te Gopsd prepacation medwsds,
Copper wzs ¢ nesretemly presest i all tasted samples, although in ko amounts, mngng Fom D0 b 0087 i
[n thas i Rendud-use Wl copper appeaned only in e cigande groep 4 1wt ), wihele ofber oy ol intisenls
snels i deoee. caleiun, rond bheomine were Luingely undevseted oirosd ol presfuct types.

To Pariher mssess ibe behwrioc of tmee dlemenis over dme, additoml mabses were combucied on
residoes ‘oolbected fmm tofon exitached oo e-cigareiie heaiing coils These tests folloved theee mage
B 10 puall3 ieqiiivalint Do ook ¢igerstle), Soatinmeis e until coul peplacemmedit anid 100 pails withow
refilling. The revalts are snswsarzed is Tobles 46,

Teble 4 Averge meen for el emental composstion after 10 puels on a coll tonon’] cigarzie
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When compancg elemeninl composition acress these exended wse scesanos, distingt panems begin 10
emerge. Chromum 1), for msince, was ist@lly fomd i hagh evel o lbomemade e-lsgnids—onging fom
b 10 b 0% Singd thie | 0-pull ter—whade tobaios cigandil mmpies coifland ooly 033%. Howevir, after
fes exgieetes of prolongsd vapiog, dheemenm soeeniration stabadized around 1309 sorss all praduce nypes.
This seggescs thai chromimm does not soonmulate linely with contimesd wse. Instead, i mey reach 2 thoeshold
of depossog or be influszced by =sturtion effects within the =yeiom or limitviicss & the detecton of hound o
| volaige forme of the metal, Alamimem (Al depl gy o smidar rend. [ peaked 1 120 i the homemade
T during shor-term e fepecmlly under hal el condicime), while madisoml cigenae shomed only
e Yo nfter estended sapoaure, alnmimen levels convergsd af approctisaiely O 107G o ol groops. Thi
leveling-off etfeci mmplees dial ahemmeum acosmsalation mey be modersted over tme possibly dee to the
sinbilization of devme comresni of safuration af the deposition =shstraie

Trcws (Fip, hich ppssared only in ooe metance - within the hoesersad hall-tank grop (007294 - wa
nmdﬂeelﬂumn!ﬂthu;dmmw [ spamdic pressnss soppols the livpetdisss that (oo
conirEmipation stepes from device-specfic factors such s «oil wear or mechanical degradetion, cather dan
comsistent rebewe Eom e -Rguids or iwhacon Sodimm () exhibiied more predicinhle bebervior, During the 16
T eial sedaim bevels wees digluky elevired o spoes-hought e-ligoeks (0301 360 companed 1 hoinsmnds
mintures (32-035%) and cgarete ook (028%L After 100 publs of the rombonion of 100 Clgapsites,
sndies fevelswers penereliy corsistent. ranging fromm 02084 to 0. 3%, regardless of the product. This mggeses
n mors bowsr and pepredusible relense peolile, possily shw o sodpan’s sishle presoce in bew Dgredienis o
inapidenaing additess, Salfir (57 fliowsd waimilely siehis pattan, Ential e dermsd vl berassn
10 end 0:22% with the highest readings found in sore-bought e-liguids and sehacco products. These varees
nomoaieed o OL0% afier #xpended use, mulicating no sipoificast sccumedation over &me md  possibhy
refhectieg 1is wodatifrabon or limited deposition. Cllonme 1€} detected in the moge of 1080 L7 durieg the
mngle-cigaawite tmals, showed pimilady low and sabls concemmtom m looger-term s, witoul sirong
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o aornes preduct types. This =uggests thal chlonse compoueds, whers presect. o ool acoomuloes oon
dose-dependent frshion, or mey be wolatilized hefom deposition.

Cheerall. the extesdod A dests eveel thet =ome clements, sech as chrominm and shememum, cxhiba
ligh inKial casmeiiralion: wider coriay candinions 4e £, opsmads Baiidy, pamial ek nsegs) e cabilize
with continuad use. Oibers, (ke sodinm e soifur. demcssimaie more onsiseal bebavior hoeegho. Tee
rofjon-tased meassrements from mside $e il forher confim the presence. of tmce metls divectiy ot de
vrpnrizatn peery, remsforaeg consems sbooi metsl transfer from esteg components b mhaled pemss]

.1, Analysis of elements by their concem level

This chaprer provides mn an-denh aosdeses of the olesenms presem (o, e smissiom, caeporizing dem
bed o0 Bt poliazl health coscirme (b Th By evelanling tesae elamems Besad omy Ohir oaiciny,
prevalenes, mad poretml liealil ek, iz e lapier s o provide o clearer sndersimiding of which subaanees
ey v & grealer concem T s sl (i sviconmest

Teh. 7 Categorizadon of slemez ats by concern kevel in seopsed composition anadysis

Highesl cabireru dléineiili Bledwizale cau ein dlemiein
Chopomum ¢ Shlicon (54
Alumiinum LAli B M

Sl ) Klagmas i (M|
Chiorime (T}
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. The Fig. 4 bar chati dhow key fresds in siementnd cogcentrations s differmse e-liquid types and
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Fig. 6 (zmphs of slemeniad conposiion for bomemade and core-boughs ligeids smolce @ comparisaa to whacco
Tigemites smokn

Kev meghts revesd importani rends in elememal comentmiions scoes bopeeade e-liqnds, siore-
bmight -l a6d mbicco igaieties (Fig. 6k Hodwsbeds - liged: shew lighsr chomeaii vsli,
peeticabuly mthe "half” ol “enpty” bk condibon, wggstin g poteatal ol degeadation. Ahumusan bves
nlso vy petahby. penking oy dhe “hali™ tank comdaton Stove-bou gkt ¢-Gguds exhibit more corssment clemenial
concemrations nomsr ik conditins | Chrominm. kevels pre slightly Jownr fmn & homemede Bguids bt
incremse in the “emply” tank pozsmbly doe o coil expossre. Tobscco cipareties  penerally heve lower
coneginamions of mo e limets, @oepd B chromiim, which aligas with Kiees contaminants fooml i
renditioned cigareties Sulfir and chioriue kevels ead to be hipker B aoreboaght e-liqmls, posabhy @ 10
addives o Baver compeends. Magnesrem aed silioos sppear o trace levels, pamiculasly in store-boughi e
|sguids umder ceriam conditiony. Tohneoo cignnekes show' fever varistaons in slemenid composition.. Bkely dee
T M Eopaial pnifninesg piveess.

Thee irbyinn bbentifl el sevenld &lerears o e reuine, mich Wil varvigg degrees of health 200t

1 Chawwmmn (T
= Poental Copcems: chrominm, panicplarly moes beowvalet fono 1CAVIEL @ knemm
carcrnngin. Prafonged inkalaoen s Bl 1 nsporiion) Esies and ling cander
o Badery Limite OSHA seis b pennessdle exporee Lmil (PEL) of 5 pgim' over an -l
wotkday. Any exposre o chnomesn n vapor form should be mumssssed [36]
Soafanm { i
o Podsnlim] Covesme: ow bevels of aafinn ars genaslly harinlens, e exg casive mbalalion may
irribite e e spemnary TRl
= Safety Lomats: mo specific limits, a5 the detected ooels ape fypicaliy negligible
5 Alomizms (AD
o - Poweutml Concems: cheooic exposure io alumimes has been lked o penrotoxicity and
resspurabary. HEnes. Ty whis b associaial with Alleimer's Sicaee, Boigh the evilepes =
inenncluaive.
o Sefety Limits: O5HA seis the PEL w1 1% mg'oy’ |jocal dust) and 3 me'o’ (sespirable frcteon )
ower an &hour workday. Fodoecing alumirmmmns exponere theosgh vapor i reconemended [36].
4 Slifur (5
o Polental Conrems: sulfur pompaieds cak e the respamtony sveleme i smthor dioce
154k ) is knowe to exacerboe iothma and other resparatory conditions.
o Bafety Liomstr WHO moommends 3 J4-boor mean Bost of 40 gp'm’ for sullur dinzsds,
Reehiie i aiifur cxpogirs i vapor 1 adviabis [17)
5 Chlorime {25
o Poienbal Coocems: chhrine = a porert imitant that can. corse severe respimiony distpess when
intelinl in high concenirabon s
& Bafety Lt O5HA"s FEL for chlones gee 0 | ppm mvwr ain 8-betar workday. Minimizmg
chloree exposure in vipor is racial [38]).
6 Silicom Sl
o Powentml Coscems: winke ineri m many fonms, silicon m crveialling sy foom is 3 resparmony
b migtl, emusing ailicosjs wirh prodocgad s porms:
o Badery Liessry OSHA PEL for reaparsble crpmline dilida & 50 g over an S-keur
workday. Mon-crvstalline silicon is less conoeming b wermws monioneg [36],
Bl (Mgl
o Prenilial Clondorr! magncam [ genoraly aale, B iahakng ege iy may inie e
TESERDATY SVTIES.
= Safery Limits: no specafic limits are estehizshed. but the Jow concemmtions detected 2re oot n
COHEE

1.2,  Viscosity and temperature measurements

P

The viscomiy ambysis legblighied dishne treade in the beleresor of homomade and sfore-boughl o
Lsguids {Fig- 1. A1 lowes sempennres, honsmde doninsraed relatively smble viscoary (02048 Pacs m
=209}, which derrensed sharpdy with rising tempemmre, reackn g approuimarely 0.0295 Fa-2 af - 80,5 C—a
nearty enfold reduction. Homever, ot 300 C, the viscosity moreased sighily o 0036 Pass, sipmaling the onset of
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thermal degradaion This sharg: declive imderscire & aromg. mvane sHoliomhyp bereedn. vieoany and
tempareme, releching mediced intermondecular forces at - chevaied wmpeamres. Inocontmst, soce-tough
mﬂﬁidnah&bhhﬂtmhﬂiﬂmb’i—ﬂ'ﬁPn!#—ﬂ‘i 25} el o oo gndea| declioe with mperatore,
buddiarttog the preseps of additives 2 sinknkzer in the comniendial rmaanon thar enhance thermal sahiity,
A1 BT, p abeght incoeme in visoosiy oo 0025 Pacs abo pointéd 1o the onset of thermnd deprdation

Ebn:mmmhihﬂiﬁumu-dlumlqmds For homsemarde Bquid, sheer siross
einkalized arcwnd SEET Paosd o nher mibe of =200 | Ls). sxbibiting Mewtonian ke behmaor poroes the tested

rangs, Stre-boight begnd diphyed lower il stess wdma.mni&mn.ﬂw 1346 Fe # commundds abeic
rales, consistent with s kwer viscosiny

Thtn-ﬁﬂua: n:pbdln the mrperinr ibenal snbility of stare-hought liquds, which mainifes men
o isent vimosty oo wide lemperttume ranpe. This siehiliey supper s sficeen! waporizion and cossistvs
viptng peifrmance, s contied - ihe sleg) viscoaimy drop i beneode byads, which ooy sdvesdy affe
performance and dermal auesgemen dering use,

BE gL . = din @ laaaads

- e e
—r vt e

L
g g

Fig. 7 Yieeosty rooulis

Tempernre anlyzis was performed in parifel 0 evaluate e heating helimiioe of both e-Bynids in
reabwogld conditionks (Fig 81 mfenmpriiiens were @k indile the ik dlﬂlﬂm g thost -p=filling,
under gimdrdized vonditions b simulate iypical woping sceadod. The temperaiure prolile of the bommnade
I.||:|.||.|:| Teve pled fnﬂ:ﬂ'ﬁrﬁm.g i hl;hu'.u'ﬂul_prt temperaes coenpamd o the store-bonght figed. Thes
differepce = atiribated. b e simpler compoailion of homwmade ligead. which bk’ thermal sinbdisers or
prdditeves o eade e (el sk, Fiowever, after wntial i, bt liquids sabilizzd ar spprosinians]y 200
durieg operating and did oo exnced s ireskold under the rested conditine,
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Discussion
This :h.rd]ri'u:ubumﬁduumulhaﬁwmmmﬁlhzdmrﬂ]cumpﬂhnnfﬁnﬁ:ﬁmm
from electronic and fredumonad cigareties, 1mmg.a. simubited heg exposure mndel o better undersiand their
poieniial bealth efects. Miboyrh seroeol mees and dose per hing nirfoce sren wern o quimsicfiiod, o conmt
mwd volime wereé sundardized 10 appeosimae fvpical e coudinous miud alios celative compesiso betweo
products The rm]h.lhm':imlﬁcmtif&nmuhdm;w&i of emEsces from e-ciparekes Dwrkh

Homemads and Aore-baught Lquidy compesed 1o adinons) cigamibe amoke, hughlighting the complssiy of.

pienn nsks mocanad with s<cigarene g2, The sbserved diffesences inelemenl emessoun such s e
presence of aluminum, chrompes, sodim, 2iar sl otber neetels, undracors the unique chemiesl compaosition
of -t and Baghlight the patestial heahh nsks that tan vesult dom mbaling tese spbammess. While e
codcemniices of these elomeus are relatively low., S cumelatve effec of leng-lenn exposese theoegh regudar
e-clgarenis nee ks nat well usdersiood The nlpocelbdose meebrare feeld was foued 10 commin mmliple race

ebements, -inchaling direnemit sodon, aod slumionm, prior Woesposne. The leghbghin e limisiaeoes of
traditionel membeane bised cobeton merhods for mace metnl anndveis, Coossquenily, i:uu.lplrru.ﬂin.r;l mmalviis

weang et Froon wichis the et eoll provadad o cleaner and oo edevang sampling mzdinm, alewing o
wetickitiom of Cha chepesdtion paim k observed o0 The nitrcallnlos vidsras '

Rezse peeandy cinle the partioilae. owiie fnan sCigieiies his eederioored e nesd for
comprehensive omestiganons o el inpact on Buman Sealth. Persinde? et al (20051 eonduceed
contparairs anabysis of paricolnte emissions fiom slecmome and traditinmal tL;;.I.I'l-I'I'H-... revealmp hat ecigaretfo
meroenls, while. lexs chemically complee many siill deposit harmful pargcles in the reepumbery et [34]
Fammirly, Fichelgorfer e al (2020 fughlighied the anaminical verisisley m pomele depesstion within the
lungs. suggesting: differzntial health impecs bereeen devices [35]. Moreover, the thermal belimdour of e
cparette Bauids hos been shoon do mfloenee aeroscd commpositeon. Lampos et al (200%) Sund vanations: o
eraissions depending on the device and liqma deecienithics, nath sipmficam impacts oo the coucentration of
harinfl soostihmate ke ey ineals (4], Scpamgs o &l (202 1) reviewed e chvrecal somant of verosols
geneaied b eigereste, highlighting che pressiec of petaraily hannfel netods sl thermel ba-prodess thal
iy exscerhale healil nsds [41].

The findisgs: sogpest the the wismsity of e-Bquids also ploys a-role in the mvenall sfenr and
]:Iurﬁun:l:u:!:rrn-:d'l-rilm tevics . E-liprede with higher viscosty wnd o exhibil more sinble vapocizafion,
reilicing the Hks deod of codl degradanion o the reless of hannibl slements. B-liqnids with ks wisecny
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may bead 10 wore rapkd wear oo codke. ereasing the potestal oo hamiul commarancs in the vapor The
greater vorobilty i wiscosty observed in homersnde e-liquids moy execerhote these issees, oontrbating 4o
insenEsimE vapomzstcd and higher riske of exposum e potesially bnzedowr mebarsals. Store-bonght o Equids,
o the oiler Josd 1ead do pualiiake pore sonaiEeat viseoally levels, wineh seppors aable vapanzation and
minimires fhe nsk of col degradaion. This consismency, conpled wit the lower levels of knmndul elemens,
farther nodersoores $e potential advaniapes of commercially prsheced e-liguids in derms - of safety and
e

474
L i
476
q7T
478
4F45
480
481 This ecembeed anelyals of vesoain and iesperanas bighliph ool diffasnes krvem homsmisds
482 b sore-bonghi e-ligmds Whille both liqoads siabilived around 40T dueing operation. homemade lquid
483 demonsiried superior thermal satulity and vEscosity peteniion. emsuring cousiskent perfomance and sadfety. in
B4 podirasl, sene-baon ght Bauid's mpal vy decing s naial winpeeinied epilkés e’ pricen challenges i
485 users, particulaely diorng preboaged nse. These Gadings nnderscore the inparmsee. of Senmlation in sehizving
486  opiimel eliqwd perfonsacce, parculachy under vaning ihenoal coudilicas. The analysis' of visoosity md
487 - tempenenee in this shudy eckoes ndings foes e lated vk on tho robe of these fctors in e-liged belavior, A&
468 audy by Ko l: al. (1220 [42] highkghoesd that e-liquid viscosing and rempemims diretly ooges e heating
55 jiiere can cesnh in ihe relesse of meals and wiher hannibul elemens moo the sermol The
480 chudy Perther nunl'ﬂ:.ltnml.uumg o shentr pemperatine {5 cmenisl foe opteseing the wieny and effciency

491  of e-cigaretie devices.

12 g The presence of trace elemeves like choomites ahmmimes. amd sodinm in ecigasette emEeson:, &=
481 phasrved i this sudy, sliges ot Tedings Trom (ther récvst ressmrch. Adilifionsl evidince same from S
d8d  pelyees of eodl sono, whene slevated levels of chiromews copper, and ks wepe doteriad aftes expesd od pos,
495 mppociing the Bypocbesis that these metals coginste prunarily fom coil degmdation mther thes o-liguid
496  compotition. Smdies e shown that e-ciganrtie seroenl comains varioes memls, l&eEly oopissing from the
497 conl foterial and heaing procsss, which sy poss ohalation risks. For cxmtiple. n sidy by Ahere o al,
d88  [(po23) [43) doemd thet eecigarste werosoli commn symificent Jevels of mezl with some

49%  copcentmtions high enomgh to b conceming for users' respemtory heakh, [n this stedy, elevited levels of
S0 chromyem and ahesssm were obeerved o certain e lignid ssmples. mrdsulach: in bomaosde e lquids under
01 rhe half-mesk confgumanen, Thes metals mz Knows for their waioty, apd prokoagad expoiure coomld conmnbure
BOZ o respirwory and peurclogical dseases The chrominm o e-clgnrenes. aa bsghilgived by the msenrch of
203 Abemera (2007) [44) furiber Teimiorcss  coocems aboot the poiental camimogenic offects of hexayalam
S04 curomeeme which conld be refeased during wping

205 In ihis shaly, while traditionad cgacnes sbo melewe & vanisty of maices, e clmeaial
06 ot mratione Tor meiads ke chremmin s alomenem o iehecoo smoke wWene 080 38 ponoinsal & i 8
SO7 cagarsties. This aligns woth the fudings of siodiss blee tat of Willseer er . 2003} [£5], schich sepomed that
B0B  ciparetie smoke comalns vanous towic compreeds, bul mefels Like chromium were oot as prevalesy when
19 cowmpared ooe-ciparetie acrosols. Tobareo combemfion produces & min of thoesnsd: of chemicals, many of
S0 wiliel-ar earsinngsnis, et beaing secheniam in e-cigareriss may combule o the inceeeed febcss of
511 metals and other compoonds Mie seitur and chlonee. wineh ane e common e e daond Clgarsis sy
812 Motsbhy: fead and codmesm - commondy scnstinized m inhaleton ioxicology - wene not detecied @ the iesied
513  samplex This could remlt from eother their ackml shamcr oo limitwiors in detection sty of the EDS
214 iedlunges, Mekel, another texialogically relevier metal, win dateciod wn otk aereed essdiies sl cosd cotiing
15 semples, abthosgh o coksiwerily across all devices. Noubly, mckel was present in e aenosol

S16  codlected affer 100 poifs w=ing ibe Btick Pico Plus-with 3 PaCral (BEaekal AL) coil, despile tam allmy moi
21T rypieally sooesining ieeksl. Thes smggers possible [Sice conlintinatsn from mannfming, sl iy, or
B cosrect ol Inoeonter, pickel was also obisrved i pestime sl coman fooes the Viapss Deag device.
18 which uses o Mict coil —supponting the bypothesis that coll composition contrsbures 1o meckel expasure, though
B20  notexoisively

21 Ciowr ol The i codirisiions of thic mudy = The comdkniion of the tmk el coiilition
522  homemade and shore-bonght v-begeede (ol hall ame smpiy anke). The Endings mggesi thet pher metal
el comnirations, Aich i ahmizen el cemsiim, were observd under periadn, vk conditons, patssiary wilh
24 homemsde e-ligquids: Thes insight echoss che wirk of Gondos o€l (3021) [4&], who observed similer oends;
225 noiing thet ecigaretie oz beoome mone (oxic as the tank deplews. likely due o incpeased ooil
226 degradsiion and evechisting. Sullur el chleing kvals sare sl consisently obsapvad i g houghit «-
52T lamuids scrods sl tank conddioes mdienting fe potemmad role of addinves or fnvée compotads in the e-kuids.
526 This phevomesan wys axpdoesd in a study by Ahermera et al. (3023) [43] where ovoncg compounds o e-
529 |squidy were bisksd 10 the release of harmful chemgcals upon heting.
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The findinga froe this shdy sugges that the tmee elements deiecied o e-zigarsite emissions, ch as
chromenm shrmimem and sotfor, sy pese significant bealth risks. The [nng-teoon exposure 1o these elements,
prarticsldy  chmomimm. (s koown eacoogeml could Lead o pespimiory and casderascalbr probleme, e
evalicpeal by mancross snadics ol il edpimre (0 oosupaibonal ssnmgs Foy crample, Beaver e al. (2009
[47] showeid ot prolonged exposure io <homiom chrosgh nhalston ool resm in cheanic resplmborny
diseases amd bung cancer, This concem i comoboraied by the Ervopean Bespiratory Socety | 200 95 [2E] rport
o vaping riske, wiack haghlightin thar @-ciganefis are ool witluan hisahh neks, parssulaele mganling seposee
to potentialy tostic metals and chemcals, The elevoed Sevels of ahmsssum obaeriad (o thia shesy, parsenleely in
homemade e-liquids. raise fumber (onoems, os cheome exposune s duminom hes been inked o pesrologscel
disenses such as Abkcheimer's "Wang 3306 4971

Pcant pguilanosy evalivaliond, inslinling thoss by 1 FDA sl Eispegeean agences, Tove acknonfedged
thin cerisms EMNIS prodosts may be appecprite for puble bealth protection mesder spersfic eosditioss (Boll,
2024 [50] 1 Hewever, concems reganding axposune 1o ooe meals and i Jong dens bealth implications of tese
devices remmin signdfcam. The coil veed 5 this study wes ¢ standan] 02 0 mesh codl, trpically made of FeCral
alky (Kiihal &1L which fehikka i, chiodsbinm, mal shndnum, Thess mikdals we commmon in
commeramlly availahle vaplog devces aml ae knomn e of meal pamenlie comaminaton diring
heating. The incisson of used coal somon anabyss provided & ctspbementany dimset, which helped vabdaie dee
deposition frdegs from setrocefinbose mechranes by comirming the presence of similar race elemenis ai e
woparcsimn source. Lead (7hi snd codmaunm oCd) were nof detecied in the mried samples, which may be da fo
difMeremies in ool compasition, lanid periy, of the detecion linsie of the msalytical inetd wed. Nickel (N,
wihile not consisestly found meress all scemancs, Wi obeerved o specific coll commn samples. supponting its
origm from metnl components rather tham e Bguid comfent:

While the presenl siody emphasizes clemenial expomare rizks, it i3 also impordmt o comsider e
hievsder egulaory comest, Reven! prodist-specific aulkmzaion by the 115 FRA sckaowdalge thar ander
ceptain comditions, some EWIS prodocts may be approposee dor the protecion of pebla heali However,
roncemms reganding oodl degradation and boog-fems mace metnl expomne rermin enesohved. Addtienally,
nithough E¥ALL bar bewn primacily linked o illice THC prodects, mesn! reviews spch an Boli {20247 [30]
underscore the paporans of Sontimecaun meiaoring of ol vaping deviess.

Conclusion

This smy provides o detailed ambysis of the elesestil compession of serosels from elecirods:
cpareties (e-cigarvitesh apd traditiom| cigarettes. vilizng @ simu lssed exposune model o seestigaie diferenom
Lii asnena] ehinfombed Ml possihl orgdecalions fe mlisinion cxpesiee, Ubing sl claloss moibradss with
shitabde pooteay 1o capiure asmeel cosponels, the ressanch exnmsred smissioes from botk homemade and
stara-boughe a.biquids at varying bk bvels, aswell as traditionsd cgaretie smoke. The results revent signi ficamt
differenees 10 ¢levseninl profilo, ghlightiog 1hs varving nebs peecm led with these prodects,

Trace slepenes anch o @i, eopeer, chomnies, sodinm, silfar, silicon, cakeiim, sl magpesim
were depscied in varying oncenmralions, reffsciing the oomplexity of smiodons, While trd bl gnreress oe
toxic i@ mamy respects, they do mot consistently exhibit the highest comcentrations of all anafyred -elements
cotmprewd toe-liesds For petanes, cortnin Bomemads & bowad srosples with o balf-tank confiperation displryved
significanily ehevaind phmooum kvels. mising pobestinl safety concen. Similady, siore-bogld e-lmuids
il ey demosdraind higher levels of clupmiim eompai=d o tradiionsl eigareiies Micke] was detecinf o
bl coman md serosol snesphss- from Afferesl devices, indloaing tal sven cocki wehao! nicked a8 o hase
mameral (e.g., Kanthal Al may rekese moe amounts dring use. These findings challenge the perception thet
wliquids mre inherently m=afer ton tedional cegaesies, as thery may expoes ueery o hazsrdom  elenamial
CogpE s inder el condi bom

The audv alio Bghlights the crfical mis of mek mbillmesr levels o mifluencing emission-poodfiles.
Full fanks peneralty produced the lrmest concentrations of barmBil-elements. kkely doe to mare efficiem Liqnid
waporestxn i edeed cod exposure o ar In contoest;, pemly smply tks exhibibed spuGcanily lughe
lewels of hanifl cofssiond, anribvesd ool oveilbsating and essnnl degradition unds chess condiieng,
Addrionadhy. halfomnk filfillment esles in uneven tennsd disiribubon soress the call, kading o sccelensmd
degradateon.
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Coutmreeation soerees were-identified a: prasaniy femming Gom coll sareria with elemenss such
me chrominm, sbaminum. and copper detectad . in vapor, and Liquid ingrediests, parboniariy those condining
ndditrows like sulbar and chlorine. Homemade o ligeids - which depinved hydber levwls of alominom: and
cheiaren, mped @iay eopems, cpocinlly with prolooped e o impropear hooding, Tn conmast store-bou gt
e-Hquids demomemeed  grodler onsisiency asd gememily lower conrencmtions of koandons olements,
preseniing ihem as a relatnvely sier optinn

Sakiditiomally, the shudv upderepn the miloence of Inciors such me vissoasty. ihermal behavmr, and the
iy of callerton memibnenss: o e eslls, Bowsmade s-liqeds wers fousd 10 eshilic a shiep decling i
viscosity witl incressmg emperamre, exacerhating coil depmdation nod the refeese of harmiul meies Swere-
bought e.bguids, on the other band. showed greater themal sizhilty and more gradwd viscosity chaoges. Bkely
dibe T the presenes of fahiliters of addnned thir redise castaminiil felisse Tompartirg anadyasd Nirer

revended thar Bometnade eliguids hem teser and reach bigher peak temperanired than shoee-Boaght o,
refleciang differences in teeir fonmlsnons and fennsl mamgement apabilises:

Thes= fmdings emphasze the peed for sirmgent qualsty oostml inesliged {omulstons, device design,
reud inmficrering priciices. Fulime sessarch ahouli enpeodd e minge of e liqgnid ansl o, inslude long-term
caposnne snudiey b sssers crtiloive nsks, and fumher imvemtigate the sole of oot degradsten o ool
coplmniation Ty contining eleenal profiling, viscoeey sl denmal behoveer snalyss mad sl vemed
codjercion. mednds like nitrocellulose membranes, this sedy provides a comprehemniive nefersimding of the
rizks mmocisted with vapmyg and snoking. The results underscore the necessity for comprebensive regulation
fesd orging ressarch 0 mitigale ti beklts meka effecrvaly,

CReWT antborship confrilaation siafcienr

Fopemh Chwal, Weitng — original deaft, Weting - pivaee & editomg, Vemalizaion, Vil
Sofrware, Methodology, [vestigaciog, Formal salyes, Concpmnlizsion. Amns Filipowsks: Wrilog
- mview & wditing, Wriliag - onglsal @ik, Methodology, levesmigaion, Fonmal asaiysiz,
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Brain avnilnbiity
The duta provided for the resaks presented in this study are svailsble thoough the cormespouding awihor bpon
requed]

Decharation of cosmpeiing lufeivs
The wethoms declars chiw dey have no known caspensg foaneisl imenss or peracnn reliaoaships tat conld

hivee appeancd 1 idlusncs the wirk repasiad o this papse
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Breanr g, WY |'.l.|.r|1-r'rr.'m|| siprifioan ity enfarroeed preal rTim ok
mIy f &7 = (L900gE)

These firedings mmdervoone tive pharmacekinetic differewmeer Brtveen de-
Irvery methods end demorstrate the valie o comfiaing PEPE ard ML op-
praacies o peeaceielized experare pardelieg oo prebie health gnidance,
keeywnrds: Moo PRPE modlelag Mackiine Loarmfieg X8 Blood-
Braw Barvier E-cipareises Smaking Cessadion

1. Introduction

Micotine is owidely used psychoactive compound with signihcant phepsinlogical
and newrslogical effects, plaving a central rolean tobacen idactson [ 1], The emer
penee of e-cigareties Tuks inters fed research inge differences in mootine absorption.
metabolism, and health impacts compared to taditional cigarestes, Dhelivered via
perosol rather thon smoke, e-cigarettes affect nicotine pharmacokinetics di ferentiv.
which 15 criscnal for evaluatmg their health rsks and shaping public health poli
gies [2]: In 2016, the FDA expandext iz regulaory authory o isclude elecimonic
micotine delivery systems (ENDS 3], emphasizing the reed iounderstnd mcobine
pharmacokinetics in bath comventional ond reducod-risk products [4]

Physiologeeally Based Pharmacokinetc (PEPK) modehng enables detailed
sirtiklation of ncone ADME provesses by incorporating ongan-specific param-
elers such as blosd Qow, metabolism, and tissue composition [3]. Tt offers greater
precision thon simpder models and is widely vsed to compare delivery methods and
pocomat for individual metabolic differences [6.7]

In this stisdy, we developad PBPK masdels o simualate picotine metabolism
following imhalation from cignrettes and e-cigarettes, Focusing on long absorp-
tinn, hepatic metabolism, and braan delivery. To enhance prediclion accumcy. we
inkggrated machine learning methods-—specifically XGHnos—o mode] complex
iemcions among phvsiological parameters, Tramed on simalated diata, our ML-
enhanced PBPE model enables personalized mictdine exposure estimaies m the
brain and bbocd, Oar goal was o compare nicobine kKinetics between e-cigonetes
and ¢i garettes, assess interindi vidual variabilaty, and apply ML to refine predictions.
This integrative approsch ams o support more miormed regulatory deciions and
puhlic health straiegiss

2. Materials and Methods
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Figure 1. Micoline Concentrations Over Time- foa Erfi'ga.r:ﬂ-:ﬁ v Trosditboonal
Cligire e

Model vadidason demonstrated excellen predictive accuscy, with preshicged
nicoline concentrations chosely maching simalated walues (RMSE <0.1%, £ =
n4d Figwre 21 Ameng phosinbogical porameters, blood-beain permeability
(Kgenei) had the srongest inflocnce on brain ond synaptic lewels, followed by
e Ebobic e (hpeun), pettmosary blood Gow (20, body welght, and smoking
hlsEﬂr_'.l Correlution malyses combirmed these fndings, showing strong positive
correlations botween pgy and notine levels in the brain (0,900 and synapse
{08y, and o streng negative corrélation with Blood coneentrations {0004 ). Faster
nigtabelivm was consistenly associated with lower mcotine levels sicross all com-
part mEn s,

Correlation analysis supporied these findings: 4, showed strong positive
correlation with brain and synapse copcentrutsons (0090 and ¢.92). and negative
correlation with blood (0004, Higher metabobic rte cormelated with lover nicotine
bewels in all compartments.

Ina rﬁ[r::gm:&m'-: individuad, prediced concentratons reached HRnziml i
the eain, bangiml in blood, and | 37 ngimL insynapses, indicating notable symaptic
pesumidation; Mol reliabiliny was further supported by compariscons with el
wodhd pharmacokinetc data (Figure 3, where B valiies exceeded 0,79 {bruin),
.87 (Tlood), and .90 (synapse ). with low residual ervors acrons-all compartments

131



. Cirwerad ot vl 1

L1 Study Design and PRPK Modeling

This study used computatioral modeling to compare nicotine pharmacokinetics
from e-clgarenes and iradmional cigareies, PBPE models were developed o
MATLAB B2024b o simulate mootine ADME processes across key compariments
{langs, blood, Hver, brim, syrapses). wsang mass balance, Fick’s law, and frst-order
kinetics [8]. Differential equations were solved numerically (ODEA 5: BelTol = le-
f, AbaTol = le-8) samulating 24-hour exposure profiles.

2.2, Nleotine Diosing and Exposure Scenarios

E-cigarens dosing was basedon mafmL e- liguid, 0. LmL per putl, Iﬂmﬂfﬂmﬁim,
and 50V bioaval abality [9), vieldimg Jimg per sessaon amd 60mafday. Cigaretie cx-
pisure Was et ar 1 5mg per session [10], both admindstered hourly, Real-workd
pharmacokinetic data [11, 12] informed model validation (CmuxTmax vobhees in
brain, blood, and sy napses)

2.3. Machine Learning Integration

T assess indivicoal variabality, XGBoost was used o prsdict nscotine Cmax
in each compartment. The model was tmined o VO simolated individwals with
varied physiclogical traits. including Enesape & penes. @ p. body weight, smoking
higgory, amd metabolie phenoype,

2.4, Performance Evaluation

Model sceuracy was assessed vin RMSE MAE. and B* metrics. SHAP values
cieantified feamwe inportance, whale Pearson correlations explored associations
hetween phisiologacal parameters and nicoting distribumion,

3. Results

PBPK simulations showed that e-ciparettes led o bigher cumualative nicotine
conceriratons than traditional cigareties, particitbardy i the bload, liver, and beain
(Figure 13 This reflects behavioral differences in inbalation and resulls in greater
gyniemic cxposure and prolenged nieotine presence in newral and metabolic com-
partments.
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Figure 2. Predicied vs. Achual Micotine Concentrations

i

Figute 3. Real-world va. Predscted Nicotine Concentrations

4. DHscussion and Conclusions

FRPK modeling enables detailed sinmlstion of nicotine distrabution, bt it does
pwod - Flly eaprure innerndividual vanability, [ntegrating macking kearning (X0
Boosty improved prediction accuracy (B2 = 09998 ) and sccounted for differences
in metabolism, perfision, and behavior [13]. Blood-brain permeabibiy (£ 000
emerped a5 the most infloential factor in heain and synaptic nicotine accwmnki-
tiomn, Followed by metabolic rate, pulmonary blood flow, hody weaght, and smoking
history.

Our findings align with por sudies showing distinct absorplion foules; ¢-
cigarciies (ENDS) Tavor upper airway snd baceal delivery, while csarcites in-
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hice faster systemic uptake via the ower respiratory tract [B4). Niotine's rpul
metabolism { hakf-like 2-3 hy and [ysosomal trappang  Vd =26 L'k contribute to
higher concentrations in orgas like the liverimd langs [9, 15, 16].

Altiough e-cigarcties avoid consbustion- related toxing, tey maintain clevated
syslemic picoting levels, especially. with micomne salts—raising concerns abowr
sistned dependence, This undencores the need O ilored cesaaon slrtegics
and regalavory oversight, Lomitatsons of Uis study include stindaridided behavioral
pssumpiions and exclusion of other tobacco constiteents,

In comclusion, combimng PRPE amd ML modeling offers a mbost framework
for simulating mcoline kinetics and interindividual varmbility. Foture rescarch
sleoti e ncorporate belavioral and clineal datn, evaluate different micotine form
lations, and assess [oma-term health impacts of emenzing ool ine delivery systems.

Financed by & subvention from the Minidry of Science and Higher Education.
Polond to the Academy of Silesia in Katowice,
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Perpose: The purpose of this study is sedevelop an in silico PEPE mode] predicting niceting
phammacokinetics m users of ecparettes and taditional cigareties across health candions
i mandalory } Whint are the reasors for writing the paper or the nims of the ressarch?
Deslpnimethodobogy/appraach: The model wos implenented in MATLAB ODE4S solver,
awarporating ADME processes and disesse-spocafic pasamseters for liver disease. obesity,
cardinvascalar, ling, snd nenmlogical disarders.

Fimalings: Micotine pharmacokinetics varied significamly across health conditions, E-cigareties
produded sustamed meoiine. expoaure, widle teadiional cigasedtes led to sharp peaks Liver
dizenge andl ohesity consed mnjor chonges in nicohne clearnce and stomge

Research Hmitatiansimplcations The model depends oo hiersmre-derved pammeters and
divea aod incovporate indindusl patfing behavior or phamsscopenamics. Futee studies dhonld
integrate real-workd vaping data.

Practical implications: Fmdings sapport the design of pemsonalized smoking cessation
Atratemies nil improved fisk adsescment fof vulnerable popualotons,

Social imiplcations: Rosults suggest e-cigaroties may ood be nniversally safer and highligh
puhhc henlth nsks 1o pasients with comorbadities,

Crriginalityvaheer This study 15 smang the Birst to applhy PEPE modeling across mmultiple health
conditiomns For nbcotine exposure in e-cagandie va raditional cigaretie neers.

Beywords:  Physiologicalle-Based  Phamuacokietic .  Model  (PEFE).  Micotine
Pharmacokimetics, E-Ciganeties, Troditional Cigarettes, Health Canditions,

Category of the paper: Ressasch paper
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1. Imtred octien

Micotme 15 & lughly addictive substance with sigmficant physislogical effects, mfluencing
cardigvascalar, newralogical. and metsbolic fonctions {Besagatinia, 20191, The wosld has
witnessed noshift in smoking behanor toweard e-gignrebies which have gnined populnnty as an
altanative to tradisenal tobacco prodacts, The World Health Ovganzaton TWHO) repocts that
13 ballion people across the globe tme awoting products while e-ciparette ueage has surped
niably among younger genertions-(Birdsey, 20231, The mamber of worldende a-cigaretie
users peacied BT millon dn 2023 whale the user base expanided from just a few mallon i ihe
previous decade (Cemter for Tobaco; 2MK25). Traditional cigareites conbinue to be the mnin
soarce of amokmg-retated llnsses ol e<cigacetes present themselves a5 safer altermatives
evpn fhongh sebentiss gontione te atidy their penmanent health implicatons { Denotheo, 2004,

E-cigaretie usmge has shown a sigmiicant incresse in yoush demographics. The 11.5. Food
and Drug Administration (FDA) topether with he Cenbers for Diseass Contol aixd Prevention
(CDC ) doqumenied that 2.1 mallion middle and high scheol sudenis m the Urniied States nsed
e-cganates dunng 2033 thas creanng wornes aboul leenage ncotine addeton | Eaton, HHE)
(Farzalines, 2004). Swdies demonstrase that e-cegaretie brands contzin different levels of
miatuw which resalts m unsable meotne exposure and elevates the nsk of addection (G,
22y,

The maim difficulty i neeotine research invelves studying how nicotine pharmacokinetics
chappes between combuatible tobaceo product: and sesosolized nicotme delivery svatieims. The
rate of nicodine absorption, s peak concentration, and svstemic retention all vary depending
ain the mode af imtake, whch con mfeence adiliction potential, loxicity, and cesaton
stredegics (Helen; nad) The delivery of nicotins throwgh traditional cigareties resalis in fas
nicatine delvery and high peak concentmiions  bat e-cigareties produce sustained neotime
expasure because of varintioms 18 aeredel deposition ard bioavadlsbality (Kransaeow, 2000
(Perry; 20200

The method of adrumstcaton plays a rede hut dividunl heabih condimns strengly aftisc
how fhe body metabolizes awd  chears nicotine. The eneymafic acfuvity and blood flw and
argan-specific meotime retenlion in the body change due to chronic diseases sich as liver
dyafimetion.  candiovascubar  disesse.  obesity,  pulmonary  disordess and  newrclegieal
impaiments which procuce substantinl yarations in footing dispesiton omong individaals
{Pagers, 2020 ) (Peters, 20090, Lver disease leads (o lomger nicedine retention becaise the lver
cannot properly netnbolize the substance vet obesity beads fo incressed nicoting storage in body
fal which slows. down s elimination from the bedy (Frasad, 2024), The tmditional cigareise
gsers with palnsoussry diseases  |ike COPD experience altered mieotine abaoeption sates and
nzurobogical disorders crepte challenpes for nicodine to cross the blood-bram bamier (Prasad,
2024 1 {Rolonean, 1962
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The amalysis of these eftects requures systematic shudies which use Physiologically-Fassd
PFhormacokinetic (PEPE) models to simulate how nicoting esters the body and moves ihroagh
il while being metabidized and climinated scross varioas phvsiclegical states (Prosod, 2024 ),
{Rostarmi, 022 The models analyze how e-cigareise amd raditional clgaretie Giers experence
plisssmacokinetic profiles theoghout a 24-kowr perod by areasans g steady-ainte con el
(Cssh, bmli-lfe (1172) and comparimental disirbution (Rostamd, 2022 5 (Schneider, 19961 The
resenrch reveals major  pharmacokinetic vanations betwean nicofise delivery systens amd
slwews that mdividualized smoking cessation stmbepiss ane essentin] for people with existing
heabih lssues (Ruoslami, 20223,

The mtepratron of compuistronsl modéling into nicotive research enables scwatbists to
quantify the risks between eecigarettes and imiditional - cigareties thoough mathematical
cvabnation. The obiined inzights bodd esseniinl valee tor public beslth pofiey-making aned
clinical puidancs a8 well aa intervention development for smokers and vagers with differem
heabil profiles

In this srudy, we developed a Physelogcally-Based Fhammacokmene (PEPE) model
alongside an abscrption, distnbateon, metabolism, and  clomneton (ADME)] anabysis,
imarporabing  mathematezl simolatiors of nicoting  tmnspert—spplied by imaditiosal
caparettes and e-cigoreties—ncross vanous tissues and orgons.

2. Methds

The Fayawbogically-Besed Pharmacokunetic (FEPE ) model roplicabed how mcotune muoves
throwgh the body by absorphion, distribmtion. metabohism and elimination {ADME ) across
varsus physiological states {Fig. 1), The mslel divides mbo 515 compariments whch e lude
the ungs blood liver brain and fat tissue aloag with neinkalites that exchange nicetine betwesn
comparinenis eough ft-ander rie equetons. The sysiem of diferential egoations ke
caompariiental nreotime concentrateons while pacametes meeded adjsimes for esch health
comncdifiam,
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Flgare 1. Warkilow ol he Physiologically-Based Plarmsicakinetic (MEFK} Aol Stirialanuons gl
Analyds S,
SouEce: Aulbirs " own.

31, Mathematical Modeling of Nicotine Transpart and Tissue Distribuotion

‘Nicolne entess the hings follewmng mbalaton and = rassported wio the systemoc
circulation, where it 15 further distoboted to Trver, braen, fat, and other tissies (Fig. 2)

Figme 1. Physiolopically. Based Phanmcokinstic Model (PEPE) of I-Jl.nuh.lu Dvistrbution and
Msmbalism Across Coimparimenls. ' ' ' ’
Sotree! AUTOn” awn.

The transport hetwesn camparimesits is governed by perfasion-limited kinetcs {equations
L3y amd (23

i, Doseit]) EE
i 1 N e . = -
e . Fp Ir! I;"l'l.lrl.ﬂ {:.hbu.:l.-. ‘ i ]

et = 22 Cory  Cont]) ~ g Cai ~ ik~ R o — b oot (o

+ N el Eraky #.r.:r';r_um L lmf;ar = *:l-ﬂ'mll.bchl.lnd'

where
s mod Oy represent blood flow to the imgs and liver (L), respectively:
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o Koo represents niootine diginbution o peripheral tsaoes (1),
*  bipesir a0 Katen hznale brm penetmtion and climerton rztes (1),
8 K ik Erotases Aocoimt for nicetine storage axd release from pdiposs 1ssne
v Rgieg models nicotne elunmation decily Fram tlee Bool
Micotine metabolism ecours. predominantly in the liver, where i andergoes enzymatic
digradation follewung Michsedia-bevten kinetees (equations (3) and (4):

L @ K Coivar
ity et = Gl )~ S K G (%)
'fr'-l'l-l'l'ﬂh'lll':m = J':|l|'|.l'c'.|:|l!|:|:'||:|:|'|::|lllr¢||r H-:I
it Ho+ Gy

where
*  Kopuas 8l manumam bepatic metabolum mte (ugh),
® g is the Micheeles-denten canstant {mg'mL].
Micetine crossed the blood-brma barmer, where it aecumilates end andergoes elinareston,
Similarly, micobne iz stared in adipose tzsee, affecting leng-fenm retentn (equabons {5} and
(a1

i
;:‘“ = Eﬁrnrr"'-‘h'm-r = Eg i Clprveda L5
i
-:'EI = Mras Coipnd — KrataszaCrar (o)
whels
#  the brain penetrsiion rade keen) nid eliminaiion mie (ke ame modified under
nevralogical disomiers,

o fnd sorsge and rebesse constanis (ke and Eaeee) vary in obese individuala.

1.1, Mieotine Dosing Keglmen

The meoine dose minke functon 1= modeled 2= 5 senes of discrele nholation evenis at o
fimed time mberval (eqaation {73

Duse (1) = Z e Ble = ) {7
¥}
wiiere:
* E-cigarerle ases recerve a dose of 3000<F, o ug every hoar,

& Traditionnl cigarette smokers receive 1300=<Fa; ng every hour,
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o Fong i Foppeprusest ticotinie bioavailabiity,
»  The Kronecker delta function 8(1) ensures mcotine i mtroduced at each dosmg tume,

23 Physielegical smd DHsease-Specific Pavamater Aaljestments

To model the effect of ditTerent thsease slates, specific PEFE parameters wene adjusbed
based an piyvsiological sliemticons repocted in the Tiermbure (Talle 11

Table 1,
Adjusted PEEEK Woide! Paramerers for Differenr Plnisologiom’ Candiians, wihere.
I = Turreaced § = Decramiad

Crmhitice il Emetatninax | kpenet | kelomn | kint Erelezie | loeluniab
{L'h) | ingh)
Hlealify 15 12 20 07 ol 00 n2
Laver Thaease [ 120 |0l 10 .7 0.1 | a0 nfd
Cardwvascular | 1.0 ] 1.0 221 0751 0021 | 0045 LIs
CHhasily L5 1.2 10 ny oist (aoisl [oasl
Lung Disease |08 1 | 11 20 0.7 a1 0% n2
Nenrologpcal | | 4 1ol 351 Josd (ol ¥ joods Jotel

S AU 0Wn

1.4, Computational Sinulations

The PEPK mode] was mmplernented in MATLAR v. R2024b {MabhWorks Inc., Natnick, Ma,
US54, usimg implemented CHDE4S eolver, whech numencally integrases the sysbem of
differenbial equations goveming mcotine absorption. distribution, melabelism, asd eliminabon,
Tie semielabion was run over a 2d-honr toee period, wiih a teniporal resolotien of 300 timne
prints, emswring sutficient granulamty & caphure dynamic concentration changes across
conapsrlinents.

The pteady-state concentrution (Cesp for each companment was detepmaned by averaging
nicotine bevels over the final & hours of the sunulation, ensurmg that ransienl {lochuations dil
niod nitapenct Chie estbonateon of equiltbrium values eguation 18

1
0, = L £(tydr i)
L

=0

where t= 1% louss il =24 boars asek the final poutiea of the sinmlatior, allewing for
nicotine distribation equliberum 1o be captursid effectvely.

At b bepinning of each sinalation, the mitial nicoting eonpsentrstion in gll compantments
wis 51 b0 zero, representing a baseling condition befors nicodine exposure. The elimination of
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micatine from the sy=tem was evaluated by computimg its half=lile {i:.2], which depends on bath
il first-order eliminsion mie (Kai) acd the Michaeliz-Menten metaboliszm cate | Kuepboe,
using the following equation (1

o inz
e 9
b =

15 Semsliivity analvsis

The sensitivity analysis was nsed i determine bow changes in key physiodogical arsd
pharmecokinetic parameters alfected model satcomes sach as steady-siate concemirations
(Cash of meotine, balf-hife (051 and tssue detributian acress ditfereot health conditiores, This
slbysls wis imderiaken to defermine which parameters the PEPE mode]  was mist sensifive
tn, and thus which physiological factors were most mpartant in determining ncedime
pharmacokinelcs.

The sensitivity anelyses vas performed separabely for e-cipasettes and fradifional cigareties
pcrass key popmalations: healiby indpadunls, those with liver disease; abesity, and neurclogical
disorders. For each scenarm, all pansmeters wene individually tasied by £30% Clhanges in O
i{rmm and blood) and tvz wers reconded, and the relohive sensitivity coefficient (R50C) was

calculated as:
Afakpet St

RSC =anrq'mgtgrl."an'nmmr (e

The analy=iz focused on companng the relative mffuence of each parameter across the mwo
nicotie delivery methsds {e-cigareites and traditioal cigarsttss ) o capture method-specific
phamscokineis differences. The resulie were visualized bsing a heatmap o highlipghi
varaiions &ctass conditions and delrvery methods,

3. Resulis

I the bext, the Hoovand referencing citateon style should be wsed (Snuth, 2017 or (Smath,
Bradley, 2007 In b case of more than three authors, write the samame of the first of them
aut ailel the abbreviation “etal.” (Beadbey ed al., 2017)

b the case of authors with the same surssnse, the mal of the bl same
and aptonnlly of the muddle nnme shoald be vsed (Smath, 1., Smith, 4B, 2017), [F the matinks



f I Chwal et al,

af the first pames of two authors ane the same, use full Grst nome (Smath Tohn, Smith Tane,
2017y,

If theve are several items by the same anthir from the same year, i=e comeration: &, b, ¢...
slaming wath tle wem that appears (st i the bellograpbuc list (Smeth, 200 Tak

I the-case of many babluogragbie tems i ane fote, the fellowing Tt showld be used
{Smuth, 201 7; Bradley ei al., 20171,

In the case of several items by the same suthor, the folleeing fonmsd should b vsed at the
same poind (Saith, 2016, 200 Ta, HH el

The phemcakine usmlyss of neadie B vadoos physiolegesl comdiions revealsd
apnifecant differences 1o steady-stade coneenivatons (Cas) and half-lide (t172) (Table 2).

Table 2.
Sicwmary af Meotine Mrarmrcstinetics derass Comdiniom
Condation st 1y Casan Cs51m | Css in t1/2 (h /2 (k)
Brmin Brain Bleod | Blood (E-CIg) iCigh
{ngml.] (m'ml) | (ngdmi) i {ng/ml)
(E-Cig) (Cig) (E-Cig) (Cig)
Healihy 11,3 1564 (408 07.01 (LR (.6
Liver Dhsease. | 24.74 x40 o.IR 1.41 a8 0.8
Cardipvascular | 16.32 5,89 Gl | 2.74 .12 112
Ohbasity 2141 15358 T | 3.9 1 .12
Luang Diiseaze | 13.04 201 (0405 | fH.02 .05 0163
Mearological | 4469 9,52 0.98 | (RL02 133 1.34

Source; Anibior” own.

In a healihy populstvon, niesfing exhibited mpid metabolism amd clearance. resulting ma
alwort habf-ife of approcimately 0,96 bours for bl e-cagareiie and tadiidooal cagaretie mers,
However, the source of nicetine sugaificusly wnfluenced s destribunion. Traditional cigaietie
smokers had hagher meofine concentrations i the bon (Cm=186dng/ml) and blood
(Cas=7 0ing/ml) comparad te e-ciparete umers, whone these valees wese lower | 1100 ngiml
and 408 npfml. respectively). This discrepincy suggesis that the rapid combastion of tobacco
i tradiomal cigareties facihistes a Taster sd more mdense nootne delivery, wiale the
aerasolized wisotine from e-cigarefios provides 4 mone pradueal and sastained velease. The plet
of nxdine concentration over fme (Figure 31 facther diustrates this difference, showing sharper
peaks in the |lungs and blood for traditional cigaretes. wheress e-cigaredie neers axhibil a
simesther, prolonpged nicotine profils,
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Figme 3. Micotiae concamamion o alesdhy individioal
Sougtel Al oW

The pharmacokinetics of arcotive wwdsrwent o significant transfommeton i patients with
Iver dussase especially gusong  e-clgarete users. The bepabic metabolic mpaimment led i
excessive bmin and Slood nicotine acemmulation at levels of 24,74 ngml and 9,13 ng/ml
respectively i e-cigarctie nsers compased to healthy ielreidaals, Tradiional cigareise smokers
demonsirated lower brain nicotine concentrations | Css=2 40 ng'ml ) amd bloed nicatine levels
(Css1 41 ng'ml)eompared to ofber participants. The results depicted in Figun: 4 confiom that
Inver dysfimction affects e-cugarese-denved wiconhme woee senificanly whach eould elevae
toxreity risks because of extended sxposure imes,

Figare . Wacolise cond enisaiwn i Liverdiseme,
Soue: Aumara” gwn

The picatine mezbolism of peeple wilh cardicvascular disease showed modemse
impainment which resniied m a 1.12-hour half-1ute for users of both e-cigasenes and maditional
cigarstes, The brain coneentrafion of niveting reached Cas=16.32 np'ml an e-cipaneits nsers’
while racditional cigarette smokess snly sclueved 6.89 agunl E-cagansle asers mainbinesd
higher blood nichime concentrations ot 6.01 ag'ml Wadhpﬂﬁmﬂﬁgﬁﬂ_nm wlhi
had 2,72 na'ml. The siower ehiminanon-of e-cigaretie nicstine 0 cardicvasenlarampaired
indeviduals resalts i prolonged systembe exposure accarding o these findings, The bram
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conceniranin plods e Figure 5 showa thad e=cigaretie vsers maintnin nicctine lesels for longer
pariods whle raditionsl clgarmie amokers experience rapld nicotine zpikes,

Figmie & Nicotine concentmiion in cardisvascular disease.
&h;umu: .ﬂ.uhm.l'n?nL

The phammacokmetics of nidotiee onderwaol sigmficant changes becanse abesty led 0
inerepsed: siomge of nieetine in bedy  fat which resulted in delaved eliminaticn. The brain
nicotine conceniration reached 2141 ng'ml m e-cigarette users who had hgher kevels-than
traditional clgaredts users dt 1538 i/ ml bassuse obasity shews down metsbolic cleamsace thus
extending medbine retenlion especially for 2eroseli zed nicatine products. The fal ssus stamge
of mectne mereasad more Than Piedfold betwean e-cigaretts users who reached 38T nginl
and traditional cigarette smokers who reached 6,28 ng/ml, The half-life measurements showed
stmilar resuls hetween baoth groaps at approximately 1,12 hours even thoagh ther nicotme
cupasure tmes differed. The effisce are shown clearly n Figue 6 bevamse picotine fevels i
Blacd and oy mssmes glay eboted tsronghour lune especinbly moe-cigareins isers;

A NS ;.—.‘.T....__.I-a-l"d‘hjh"?rf‘h-—'ﬁ'-'—r

PP M e e

Flgmre & Mioodine concenimbion in ohesity
SR AN WL
Thenbserption of mestine became severely mpaired in mdivicuals with pulmonany diesase

and traditional cugarete smokerd experiended an oven  greater pact. The brain .uini:lhr.':_

concentration levels were significantly lower i wsers af tradioanl cigarettes st 291 ng/mlL
camparsl o ecagareme users whe bl 1206 pgml The blood nacolme coneentration m
Imditiomal cigarette users dropped to 102 ng'ml while  e-cigaretie users sustained  levels af
5005 pg/ml- The dutn presenesd in Figare 7 showes (hat traditional cigareise smokers recejve
Yower systeriae tucotme exposace bocause ther lang snpacrinent redoces elveolar absorption of
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combystion productz: The aerasal deliveny system of e-cigareties functions differently from
traditional cigarettes so it expenzoces reducad impact from lang dissses,

Fabala oo Pohe S P Bl fo by
RS S = = S o pipndiiioliD
| L= ‘__T‘.-:...-.: ........ e
= PR r— S
[ e N

Figare T. Micolise condenimlion in Mung Gzease
Sumz:.".'qﬂ:ln-n'n'..m

The micedine distsbaon in people with newrclopical dissages demensirated subazamial
variains  befwesn osing  e-cipareftes and traditicnal cigareties.  The bam  necotme
cancentration of e-clgoretie dsers dropped dramrestically o 4090 pe'ml because their bloed-
b hamier trnmspon was urgaired or theis nsurosascular regalation wis-alered. Traditional
cigaieiis wmerd manxined bmin  mcolne concentraiions & 9.5 2ng mE while demr blood
nigatie fevels remnimed bower than e-cigarette users ot 2,00 ng'ml comparsd to 088 ng'ml.,
The prolonged halflife ohserved m eciparetie vsers (~1 33 hours) mggests 0 delnyed
clenrnes paErem. despie thewr ovenall lower systemmic exposune. Thé hrain ol pralleal
troditional cigaretie wsers remams siendy shroughout while c-cigarcits users. cxpensnes a
gradnl decresse in systenic nicoting concentrations as shown in Fig. 8,

bt . i~ == 1 "

Figare & Micolise conceniminn in oemdopieal diseans,
Sovece: At awi

Fin. 9 presents simulated nicoting concentmafion profiles over & 24-hour period, comparing
e-ganatte awd tmditional. GEasete users across various bealth coisdiiens, These profiles
ilhumtrste howw botl the towte of nicotne delivery and individual healih stamz shape the time-
course of systemic meotine  soncenimtions, revealing mmportant differences  betwien
camabrstion-derivad nicoties and perosolized nicotine.
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Wy ofane Coesandety wiviey Frofies Oeeer Timie for Defereet Mealin Comddons sl Comserpion Hehos
[ B}

Y T Sy 1

u ] N 13 = n

Figme & Wxotine Concentmation. Profiles Crver Time Across Heakh Cosdihions and L ansemphion
iethods.

Soumce: Aufors " own

Traditipaal cigarene smokers showead a rapid incresse in nicoting concentration during the.

imitia] phase which reflecs be goick delivery  priscess of whacco combisibon. The nteodmi
leyals moe-cigarette users showed & steady merease follewed by an extended period of stabde
levvels because aerosofized nicatine absarption oceurs. more shwly, The  phanmseokingti
profiles  demonpsteite the pore duUnedon bBermeen Iradisoanl agaremes which deliver quick
indense nicetive bovsts and e-cpargtes which prodoce sustnined smooth Gicotme exposure,

The sffests af health condions farther modulate (hess profiles. The liver disease patients
experienced severely lionited meotine clearance which resulted m extended nicotine retention
especinlly among e-cigarette nsers who received contimions bywsdose axposire o tap of their
ugipgied hepalie metabelism. The mestime levals i abege pubmaduals deereased gradually wath
e-cigareite users showing the longest dodline becavse heir bodies stoved nicotine in fist tissue
it released thie substance back into circulation 48 a slow rate. The detayel clearance paflem
becaige mioat evident g the e-agandte group becanse mesting's fal-sehuble satare reacts wath
changesin body comiposition,

Tradifional crparetie nwers aonans ind naduak with milmosary didense showad duced peal;
caneenteations gl foster climination. times compansd 0 healthy  subjects: bocaass then
impaired alveolar functyon restncts combastion product micoline absarpion, The mestine levels
of e-cigarette users pemained ehvated coerepared b teaditioal cigarena wiess becaise sérosvl
partiched seem b adbere better todamaged  lings thus provicing loager systemic exposine

The candiovasculor disesse groap shows e-coganetie snd tadinenal eogarenie nsens retaaned
nicatine for o slighthy Jouger pericd vet e-cigarctie nsers maintained higher nicetine levels
dsouglout the sudy period Becase . beir nicotine clearance Tram the body was slowst. The
Blocd-brmen basrier i:ammHLiq.r dufferences betwean traditional ceparette nsers and e-cigaietie
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nsers resalied i baclibionnl cigaret e wiers resching higher penk concentrations becanse of ster
nigotive absorption bt e-cigarete users maintained bower systemic levels for longer periads,

The sensitivity analysis detienstrates the need of aceounting for individual phvsiclozical
variibies whea medeling awcoting phantacekinsticg. In healthy peaple (Fig [0), the FAFE
rivocdke] was most dessative to hepatie metabalisas eate (Rinetabenar)-and Lver blood flew (OQla),
These parameter adjustments resulied in considerable varations in bmin nicotine concentration,
d:ﬂl'llll:ﬂﬂllﬂ.ljllil it bepatic clearamcs i an impomant elemend nreguiating systemic and cetitral
nigotiee exposure. The brain penctration mie (kpemes) had o significant impaet, particulardy for
s-viganele users a8 the slower savosl delivery allowed for 4 longer duration of feeolie:
ahsatpiaon wmio e braw

Figare 10 Senslivity Andhvsis of Heally Population (B-Ciganme va Traditional Cigaree).
Source: Authors awin.

In insdividunls with liver disease, bepatic metabolism mte (kmetabimax) had the stronges:
influence on mxctine concentmtions, reflecting the impared metabalic capacity 10 this
pegulation (Fig. 111, Reduced hepatic clearance led to markedly increased Css_ besin in both e-
cigarette amd tradiisonal cagaretie users, though the effect was more proncapcsd m e-cigarziie
iers due o prolonged exposare pattems.: Liver blood fow (081 alse had a comsiderable effect,
highlighting the imporance of perfision in hepatic clearance,
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Figupe 11, Hm&tﬁj‘ﬁulpla hmmmﬂ:—cl;uﬂm n'rmhluuitkamre:
SoUsce: AR W

T obese irdrviduals, fnt storage (kfaty and ft releass (krelease) were the masd influential
parumelers pu't:mxladjr fir e-cigaretie users {h.g 12). Micotine’s high hpophilicdy cances.
extensive a-:qm:stmlmn mﬂmmnhﬂmmﬁnmﬂﬂmnnﬁm:&ndhnm
coificenteatious over Tinte. While Hver bload flow and heparic metabolisin rencined imposiant,
the proloaged nwcotine release from fan slores miroduced an additional regulatory mechamism,
q;p::n_ﬂrm ll;p: mb_::-.‘t, uf'tl'nm mﬂrﬂ{ﬁ nise,

-is - ] I o in

Flgie 12, Sensiivity Amalisis - Oy (E-Cipanente ve Teaditional Clgimesie).
Soes: Anhon” gom

T inedvvicduals with nesrological disorders, broin penetration tte (kpenet) emerged as the
domunant driver of €35 brain, particularly tor e-cigaretie users (Fig. 13). Variability in blood-
brain harrier permaability significantly altered hrain micotise concentrations, amplifving the
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still played a rale, the direct modulation of nicotine entry into i brain heeame a distingaishing
fiactor in this population.
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Figave 13, Sensifivity Analvais - Neurokgical Disorders (E-Clgarene vx Traditional Cigareite ).
SOUTCe: AU 0w ' N '
This beatmap visaslization (Fig: 145 highlights the disease- and delivere-specific sensitivine
patterrs, emphasizng the need for mdividualized pharmacokinetic modeling in populations
with eomarbia conditions or aliered physiology.
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Figure 14, Seisilivity Analyss Hésmap — Relative Seusitiviy Coefficients (RSC) Avross Health
Sere; AT own.
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Phosinlogieally -Based Fharmacokinetic (PRPE] mexdeling has gained populangy m recend
virrs for siondying nicotipe plasmpcokinetics m diffevent delivery svstemes and phvaiological
conditions (Schroeder, 20043 (World, 2024) The medels enable researchers to mods] koo
nicobioe moves hrough tiee body by simnbang s ADME processes. This snedy applies anom
alier PHPK fraspework to sdmualate bow mcotine 8 abaorbed, dotnbuted. metabalized, avd
elminated in indmvidoals with varying physiolegical and pathologesl corditions. By expliogly
mwdeling ergan-level fanctions, such as hepatic elearsnee, pulmonary uptake, adipose tizsie
stomge, and pevral bamer tmspoit, the approach provides mechanistbe insight mie the
farctwmnal alterations of key haman cegais under disease.

Boatami etal (Prasad 2024) previded o major eontnibiution theough tledr application of an
extended conventronal PRPK framework 1o forecast mootine pharmacokinetics from acute and
repeated nicotime delivery prodiect exposuee. mchiding combusable cigareties, amokeless
tohaccn, ENDS, and nicoting inhalers, The model included soatomically  detadled
represent#bons of nleolme sheorptioa paibavaye, pantbenlarly throagh tie buceal micoss, bppet
apways, and lower mspiratory treel. Moseover, i accorately. reproduced plaima mcodme
concentration=lme pofiles and bssue-specific dstibution by micgmting — regon-specific
depasition arsd diffision perameters, thas highlighting the im{luenee of route-specific absosplion
an systemae exposure. Rosiami's resalts ore in agnesmeent with ihe present stody findings which
sl that nicobine retenbion and metabobe Clearmnce ape rvube-dependenl. E-cigansiie e was
fovmd to result i loages systemic expesnne compared to cooventional cigarette smoking which
procluced hugher peak plasma concenirabions.

Pmead et al. (Restami. 2022) developed n mochine leaming—nugrpented PEFE modsl
specifically for e-cigarette wsers. The npproach enabled persomalized phanmacokinetic
predictions threagh wier-speclic vanshles wchikling pulling patlems axl device pammeiers.
Cur data supports thess findings by showing that e-cigarente maers especially those with hepanic
insufficiency or obesdy expenence prolonged sysiemic mesting retention which sapports the
need for individualized PEPE modeling to evaloste nicotine exposare risk.

The mibial research by Rebimson of al, (Schoeider, 1%96p preseoted 0 nine-comgpartment
FRPE muslel winch meluded beth mieotme and s ma i metabolite ot The Gssae-to-blood
partition cosfficients: denved from this model served a5 2 foancation for fiture modeling
research, Our reseanch extends the exusting framewark thmagh disease-specific modifiers
ingluling hepatic impairment which leads 1o longer nicotine hali-fife. The fndings from oar
study conficn Bobinson's conchision that PEPK medels require madividunl metabalic capacity
dlata to achieve betber predaciive accursey.

Motewarthy, Cuo el al, (CGus, 2007 perfremed an spen-lahel crossover clincal inal o
assess picobting delivery  profiles i Chinese aidult smokers who asl both eigareties and
cambastible cigareftes. The rescarchers sbhaerved thot e-cipase thes delivessd nicodine ot 8 seady
rate which differed from the fast niccdme peaks that cocar dunng cemvenhional smoking Cur
resitlls sl the resinlis foom Guoo's giudy and show tast e-cigarettes dacitaa sleady feeodme

151



152

FHYSHLOGICALLY-BASED [7

levels an the bady while imditional cigarettes  creafe sudden pharmacokinetc elfecis becanse
of their combustion process.

The Blood-brain barmer { BEB ) irteraction with niceting functions as o primory fector which
cleternmnes how the substaizes aflecs the ceniral nervois system (OS] Tega et al (Robmsoa,
1992y ghoroved that sicobine changes BEH penpesbality theeaph madificatuons u tight jusetisa
protems 70k | and elasdin-3 which leads to dismpled junctional mtegnty. Our research supports
fluis mechawistic usderstanding becsuse people with nenrolopiesl disorders show diffesent brain
nigobie exposurs paferns especially when using e-cigarettes since thewr BEB mbgpnty =
alresdy compromsed by disease-related pathology

The Matvonal Acodenies of Sciences, Enpineermg, and Meduioe stady (Y'uki, 2024 on the
public health impacts of e-cigarette usage concludes: that e-cigaretie: acrosols have a lower
toxicant lond than traditonal fobecon procuicts. Howevar, it also highlights the paucity of
nnderstnmding envcerming long-tenm: health eonsequences, particularly in patienls with pre-
existing respdiatory. dsorders such ag chrame obstnictive pulnosery disease (COPDY Ot
fisdings support this condluswen, wnplving that e-Ciganedte sers with pulmonary convochidies
may have distimet patiemns of nicotine absorpgion and retzmion, which could nccelerzie disease
progression of make illness trestment more challengmg, O findings are comgrent with this
aasesament, supgpesting that e-cigaretie users with pulmenary comorbidifies may expanence
alieved  ficotne absocption asd  reteniion  dynamdes,  potestially  eascerbating  disease
progresson of complicating managomant sfrategios,

Funally, i the research of Perry of al. (Schrosder, 20014), the suthors examime PHIE
modeling applicstions and growth and challenges in different thempesitic contexts. The paper
showars that PBPE-refated reseqrch is mereasing rapidly and is becoming mere impartant in dreg
develgenent and chiacal phamaacolegy. PRPK moleling is especmlly nsaefil for smuubating
drug behavior in differens popalations sech as pediairics. geriatnes, and individasls with organ
impaiment a5 well as for predicting comiplex drug-drug interactians, These findings sappon
our sudvs focus on be peed f0 odept smoking cessation therapics 1o ndividuals!
phamacokinste profiles and health stete, ackoewledging thet differcoces o nicetime
siwtibarhism aml exposure pegquice duferemt therapewtn: appoaches,

U stucly provides sxtremiely inleresting results, however, ® is nof widhout is lmdatioms.
The research delivers mmporant mformeiwen shout nicobne pharmacokinetics scross user
groups and delivery systems but faces nmltiple  nesearch constraims. The PBPE modeling
framework produces relinkle resalts bul @2 accurscy depends om the precision of the
physiolagical mxl lochemisal parameters that i1 uses. The reliakelaty of model resalis may be
impacted by the resiricted end  consistent infommation found in lig=miare souarces whach was
used todervelop g data for specafic subpopulabions including patients with sdvancesl hepabc
ar pilmonary discase. The research fails to consider hehavioml differences amonp individaals
wha vse meoting proshicts through their censumption methods insleding puffng patiems and
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inhnlzizmg depths and device=specitic feshares lke power settings ol e-lgmid cognposition
eapecially for e-chganetie nsers,

The mimulation's eross-secional design prevents researchers from dicectly studymg the
losig-tern health papacts of cheomic aicotine exposure. The model suceesfully reproduces
alsort-ferm pharmacokipene patfonis bot sequites loagitudmal venficotion to determn
complete  bealth implicstions from leng-erm neestine wse parteculary when camorhisd
conditbons exigl. The models predictions recetve  lumited extemnal walidatvon because there is
o empincal biomarker datn (2.2 plasma eotinine levels) avnilable for real-world users. The
stidy frveshpates mapor disease dates butal does not avaluate hiny  pharmacogensmac (o
like CYVP2 A6 polymarphizme affecl nicotme metabolizm and idovidual variabality,

Fumlly, the genemleability of these {indings may be bmited by the model’s focas an sduli
popitlations;  adolescents, pregnnnt indivedeals, and elderly wsers—seach wath differem
physiological charseteristics and valnerability profiles—were not exphicdly modelad Fatare
redearch aboald atternpl fe extend the PRPE faupnework w0 inchade these popiidations
anorporate real-workd nsspe dara to menease tmnal stiooal relevance,

5. Summary and Conclusions

The research provedes an extensive analyss of neoelne phammscakinetecs in e-cganine and
cambostibe cigaretie nsers through Pliysicfogically-Basad Phormacokinetic | PBPE) modzling
wlidely anslvzes absoiplon distabution metsboliga ad - elimifson aenoss dfferent lbealth
atanues, Tle research shows that aeeotite reseotvon and clearance cates daffier wadely between
people which indeates the requirement for indivadmlized approeches m smoking cessabion
puf hasm reduadlion programs,

The main mevome of this research demonstrates that different nicotine delivery systems
penerate distinel plasmscalipetic paterns,  The plasos destone levels from cambustible
cigarettes wweense quuekly but e-copameties maintaimn stesdy sveteme meotime exposune. The
distingtions become more prongunced o poople wha have metabolic o physiclogical
conglitkoms. Hepatie dysfimetion leads o longer niecting half~life cspecially among e-cigarame
sers bevanse thew producis provide condinmeos apcobing delivery. The fai-attracting propenties
aft meeiene o obes: people resull @ s soage within adipose fasne which extesds the time
nireded for meotise elimination

The research examipes bow lung diseases affect the process of nicobpe ahsormiion,
Traditiomal chgaretle smoders wilh respimtory prablems  oxperience decrepssd systetio
nigotioe: levels bl e-cigarstie wsers with siniilor conditions show higher plasma nicotme
concentrations. The stady demonsirates how delivery methods axflience nicoding exposure m
disease-rolated citations. Mewrclogical duoedess that modify  blood-brain berrer (BBE)
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permeability could impinct how nicodine reaches the boin thus affecting addicliom potential ancd
wiibdrawal sympioms berwsen differeant deliery systams

The findirgs have significant consequences for frmslstion, Becnss nicoting melaboelism
15 mol limear axl choss pot emain stable acnoss bealth comdibons, meform quiting sirategie
ol b optusaim for all populsteas.  Lidnoedialized quittng techisiques that takie mto
sccounl metshalie capabibity, comartsd disarders, and chosen mcstme delivery sysems are
meore likely @0 nerease therapy efficacy.  Planmneclopical mdications sich & Micotine
Replacement Thempy (NRT), bupropien, snd verencling may regquere desage changes or
aliemate formulaions in populatons with allered plamzssakiseies,

The research resubls question the conmson assumpiion that e-cipareties represent o
completely safer chiee than combustible tobecon products from apublic henlih znd regulatory
pergpective,  E-gigansttes  lower  combustioo-relased  toxicant  exposure bat o thedr
pharmacokinstic profils leads to prolopged systenic mcofing retention which ereotes specific
rusks for peogple with cardiovascular disease and bepatic ar metabalic conditions, Tl oblaiied
peawdts require o thorough reevaluation of barm veduction policees eapecially for vulnerable
poqpulation groups, meloding youth

Fufure research newds to focus an following medieally compromised pogulations through
fumez B anderstand the long-tenm consequences of e-cigareiie use, PEPE modeling will become
muore accurie fe exposune predictom and ngk ssesiment drough mprovements that melude
real-wiorkd  vaping  behaaors and  device-specific  paramelecs  amd  mcotme  sal
pharmecodynanmics. This resesrch demonsizates how meeline pharmecckimebics interacts with
delivery methods and lealth eopditions of individusl patieats. The research findings suppon
the need for precize cessation treatments and detsiled reguintory appronches while ercouraging
agonrg  mulidiscplnsry stades o educe mcobipe-related  beslth problems m diverse
pegulabion groups.
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Optimizing Smoking Cessation Alternatives Using
Multi-MOORA and Al-Based Methods
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Purpese: The aun of this papes 13 to analyze the loag-tenn effects of 1obacco coutral polies
an sipeking prevalence wiing a dymamic compartmental model. 1t seeks o provide pelicy-
relevant quantitative evidences for designing effective public health intervendions.
Deslgnmethodobogyapproach: A dynames S10+P-EHHAX ecomparmental maodel 15 used o
sinmlote the transitiens between behaviors] stotes such ae smoking. quitting. relopse, and e-
cigarette nze. Palicy scennnos mclude tax icreases, lolal baps. and anbi-smoking campaigns,
The model i2 ealibraied wih WHO and Cochrane dsio.

Fimalings: Simulatzon resolis mehicate thet 6 todal bas an :ig.a:HLe: sales yuelds the greatesd
rechaction i smoking prevalencs, Strong aoti-smoking enmpaigos and higher tanation also
srgnificant|y reduce initiation aiul merease cessalion rales.

Research limdtatlonsinyplications: The model does nob incorperate illicit tobacce trade or
aocaal network effecs end relies on parameter estumates which may vary between poputations,
Fubure resenrch should inclwde these dunensions for greser secumey
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Fractical implcatinns: Policy makers can use these msights o fornalabe holistic tobacca
catirel sirategies that balases tixation, edueatian, and regulation to effectively reduce smaking
rates acroas demogmaphic groups.

Soclal mpleatlens The mmplemendntbon of comprehensive tobacco contrel measures. can
significantly tmprove populabiom bealibh, sedioee healthears costs and proteel vounger
generations from nicotine pddiction,

Originalityvakue: This peper otfers 2 nove | meegratmm of multiplk iokaco contral levers into
a smgle dyrmanic framesori. It highlights the dual role of e-cigarettes and provides a podicy
auilation ool tarloved for modern fobacco matkels.

Keywaords: Tobacco contmol, smoking prevalence, compartmenial modeling, e-cigareties,
public healih pobicy.

Cotegory of the paper: Rescarch puper, Policy modeling,

1. Intredoction

Tobsceo ase remains oae of the most preventable public healtls issues across the ghobse and
15 fhet lemcling canse of preventable deaths and disenses sueh bs candovasenlar diseases. chranae
respuratiey diseasss and cemeers  (Hurong of ol , 20220, [n 2022, an estumated 7.2 mellion
persas (HE 55 of the papalation, 4.1 miflicn men accd 3, 1 million women] aged 15 and alder
nsed tobsacsn produces = Poland. Lo tesms of fobacce comsinpiion, the countsy eanks 25th m
the warkd avd 7th in the WHO European cegion (WHO, 2k,

The Waild Health O gantzstoon (WHO e<izmates that evesy vear. over eighl milbon people
die frons tobdcca use, of which morne tan seven millien die froen e direct wse of wbacco and
whout 1.3 millson die from exposure o secondhand smoke (Levy et al., 20063 The bunden of
the dizease ks highest in Jow- and middbe-ineome couniries, where maone than 80% of the world's
amokiers live and where 1obaceo control measures ore usually not pdequately implemesed or
enfonced (Levy et al.. 20161

Unformuately, despite. the effarts made i tlse last few decades, tha world sl foces a Lagh
presalence mie of smoking becanse of the nddictivensss of nicotine, the marketing sirtegies of
il tobgccn indusery. and the emergence of new mestne delivery spaems like e-cigareties,
wlacl have created new challenges for repualafors (Levy ed al., 2016),

Current strategies for addressang the pulblic leaith wigact of the whacco epidemic depencd
ai the mglementation of 4 comprebesme et of tobeoco comtrol polwaes, inclading peice
policies (2.5, raisng excise laxesh, environmenial inlerventions (e.z.. public smaking hans),
adveriising regidptinn and lange, mass medis campaipns. Research bas repeatedly showm thay
ingreasing the prices of iohacco products threngh higher tamation palicy & one of the most
effective ways 10 prevent new uiers fom sfartiog aml W encourage curreit msers 10 quit,
gapecially among vouth and other price-sensitive popalations (Bala ¢t al, 20131 Likewise,
policies thai protubit smokmg i public places and- the workplece also coninibide & the
preventon of smoking by renormalizing the bebsvior, proteching non-smokers from exposure,
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amil rechacing the incidence of smoking (Bala 21 al, 2003, The Cachrane evipews, based on
large-scale evalutions of anii-smoking medis campasges, - suggest that well-fanded ang
simtaived mass medio mfervenhons can enhance the impact of these policies in preveniing new
cames aned reducing the prevalence of smoking, which i good evadence 1o stan anti-iobaceo
cagrig i pns  Elagel ot sl 20019%. Thise mterventions ane thevefare secotmended by tlse WHO
FOTC tobe implemented by governments as a menns of redocing tobacce wse e ffectvely (Lavy
it all., 2018).

Howsver, e-cigareties and other slectrome ncotine delivery systems (ENDS) hove set 8
new stacsland for iobacco confrol policy making. E-cigareties ave been classified as harin
reduction prodocts for adult savolecs whao e plenaing toe mose away fom combustible tobacen
prichacts, ol as pew ndidictrve products that con sftract yoang peogle and nan-smokers anc
lead to the use of treditional cigareties { Sonejiet al., 2007 ) Ramslomized contredbed wmials have
also shown that e-cizgarettes ore better than traditional weotine replacement therapies (MRT)
ity the hedp of beluidora] thecapy and that they help peaple guit smoking {Flagek o al, 2009),
However, longodinal studies and meta analyees bave established that youtha who stam with

nicotine through e-cigansttes are more hikely (o progress o cignnstte smokmg than their peers:

who have not used e-cigansties {Soneji ef al., 37, The current tobaceo sontvol poliey faces
tlez chollenges of the curren obsceo conteed policy and the imporiaee of flexible modsling
agpraaches that can captune both divect sl indirect effects, as well a8 the convepi of e-cigareties
aa tala for cessation and as posible ways to progress o amaking.

Mathematical modeling 15 geiling everyday application to help in the undesstandmg of the
dynnmbes of simoking @nd in the sinmdation of the lonp-tema effects of the varons obaceo
coptrel policies, The Susceptible-Infected-Recovered |SIH) compartmental maodels bave been
adapted widlely for application m behavioml epidemdogy with the focus made on amoking,
udtiing anif relapsng. These models are wsedul in defiung populations o different belroeal
compariments (non-smakers. curent smokers, and former smokersh and sunulatmg the
trnnsifion betwesn the congpanments over Gme (Cherng et al.. 2008} The framesaork has been
applied in Inrge scalke policy modeling sach as SimSmoke model which has been emploved to
predict the hkely mipact of dafferent bevels of fan mereases., el campsigns aml ather
imtervemitions on fature smoking prevalence and morality (Bals et al., 200 31 The models have
been recently exlended fo inclmte e-ciparettes. with framewnrks thal explain the doal mle of e-
cigargites as an aid 1o quining smoking of comventional cigareties and ps & gatewsy o cigarchis
smeking (Chemng et al,, 2016), This type of modeling is most helpfal for pelicymnkers beemise
it ersghles sem 1o quantily (ke pedsible effects of different combinstiens of palicaes-and 1w do
o under different assumptions.

In thas study, we develop and apply a raiber medium size compartmental frmewaork, the
S E+H+X model This maodel  allows us to examiee the long term effects of tobacco
cantrel mepsnres oo smoking prevalence aoross different sge moges: The mede]l we propese
hirie i eteissaon of the bage: 81R mode] 10 sivelide other processed thal are seleyant S clarres
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iphacen epidemiology, We included imporiant factars such as escigaretie nse, age specilic
arnoking tneaitions aod impact of prices on iobaceo parchasing decisions, and finally, medin
amd repulatory isterventions, We thein use scenario analysia o descmbs four  policy
extvitnmments: (1) & baseline scenare with o new inferventions. {2) an eihanced tobacoo
prucig paliey, (3) & hypothetical complete ban on cimarette sabes. and (4) o moee a@resame
ant-mmoking adverising. Furthermere, we conduct smsitvity analysis 1o implement cross-
checking e robusiness of oor fisdings wath respect to variation in mmgorant detenninants like
amoking st rates, ssoking stopping rases, and the paiewny effect of e-cignreties uss, Henes,
ol guantificig the cmpparative effectivensss of ddflerem polocy oplens and plapointing
the parasivibers that are most umpartant o deternineme sisoking rates, this research 12 intended
to offer practical advice to policymakers in desgming tohacco control strategies that are holistic
and responsreg 1o the presam-day ssues.

2. Maierinls and Methods

Thes paper emplovs an elabomte comparimental epdemologieal madel, going beyond the
bz Snsceplible-lnfected-Beconersd (SIR) made] [Talles 19] b aelide characlenstes tha
see more closely related fo smoking epsodes, The model is then furber developed inta an
S0 PHE+HAX siroctured Tmework {Fig: 1) whoch me udes the spe groups, dynamae mxalean
an fobsces prodacts, e-cigareties, heallh effects, and the overall scovemic mpacts. The
pdckeling and a nalysis were perfoemed bn Matkab softwane { Matbab 20240, The Matliwarks T,
Hatick, WA, USa)

Ty
e
= N

e - = —

-

Barmmss Hamios L erd T - g e L%
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Figuve 1. The 3104+ PHE+EX fmumework and policy scennno bagic.
SOURCE: AU WL

L Transitdon 1o Smoking Behavier Model

Ihe SIR model serves oz the fommdation for the epidemiological modeling spproack, The
standard ST eguaticns ore defined pe
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C o R LR B (1

where:

« & represents the susceptible individunks,

i | represents ke mizcted individuals,

= K omepeesenis the recovesed mdivichuals,

« i the transmission rate,

= 7% ihe recovery e .

o N e total popidaien,

To: ndapt the SIR maoczl to smoking epidermiology, the 5[0 made] is imtrochicsd [Fig. 2),
wliere:

5 {Susceptibds ) represeits idividuals o risk of becorming smokers.
= TiEmokers ) represents cuméenl smokers.
= Qihntiersh IEPOCsEIS former smokers..

| g o — -
Ty .g.-'ﬂi‘-...___._-,-__.__-,u

ey

Figure 2. The SI0+-PHEHEEN fmmework and policy scenanc ogic
Sausce; Augars awn.

The govering equaluods dn:
[ o O
=Sl =Syl o=y 121

where T represents (Be quilting rbe.
Toaceount for the effeet of publie health palicies, @ taxabon fctor 715 mtraduced 1o reduce
sinoking initiation:

fi dl’
— T — — — — — 3
5 —i# 1 ”'“u:h Bl =115 —7i (3

where T represents the strength of the tixaboen palicy, rechicing smoking indiation,
The mode] s fikrber extended by incoporsting, e-cigaretie nsers (B) as an mtermedigie st
between smoking and goidting

%-1}!-15-&5 4]
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= b regresenls smokers mnsitionng o oe-clgdeites,
» L represents g-cigaredle users quithing completely,
s i represents e-cigarette users reuming s smoking,
To account for the adverse health effects of amoking. an sdditional martlity tesm g =
indrcelnced:
d

I
Erep X a T e L]
5 Bl =15 =yl —pl (3}

whete pl represends the increased maottaliy rate due (o smoking-related disenses,

To provade o more renhistie demographie represeniaton, three distinel age groups were
1T [T B

s Youthiil)

= Addulis (2}

= Bomjors {3

Fach group follows a similor framewnork, with fhe zddibomal term e, representmg the
Lraisiion bepaeen ape groups

d—sl == (1 =1} — 5, i)
At

%= =Bl — s 4 k- ek (7
%:_EEE L] -ﬂall iy I'}Sg:g L I]'Sa !ﬂ.l

wheve o pepresents the nanirsl agmg process.

p 3 Madel Validatinn Using Reol-Warld Datn

The model 15 cabibrated iging empincal data froin WHO and Cocheuse snxles. Key
parnmetsts such a5 smokmg infeation, quitting mtes, and the gatewny effect of e-cigareties nre
adjnsied based on:

& Effectiveness of e-cigarettes in guitting smoking (Cochrne review, 200,
e Wouth transition rates from e-cigareties to iraditional smoking (WD),
o Hisloncal smeking prevalbence tremds in different coupiries
Youh Smoking Rates:
e 20dke 209 of stiudents repotted curreal cigareite smeking.
s M) This figure decreased o | 1. 7%, indicating p positive trend amang ibe pouth
[ Tobaccoprevenbiog, 2021,
Prevalence Among Y outh:
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= 23032 22.3% of stidenid reporied curreind o of electronie crgavettes, wils a higher
prevalencs ameng girls (23 4% ) compared to boses (21.2) (WHO, 2025),

Effectiveness in Smoking Cessalion;

& For every |00 mdividuals using nicotine e-cigareites to quit smolcing, approxirately

B o Ll sueeessfully stopped, compared to & outof 100 wsing meatine-replacem ent

Ehezagyy { Cochrane reviesw, 2020

FPormmeter Adiusimenis:

o [i{Inifiation Rate | Changed 0 mearpormie the decressing point for yoath smoking

initiation mses froon 200 i 2006 g 11,74 n 02D,

s 7 {Cwitting Ralel Set to be copsstent with dhe betier effectiveness noticed with

oot e-cigarette ners a5 mdwated by Coclurane,

s piGatewny Efect): Included o caphure the possibility of the 22 3% of yoath using

g-CLgareties axoving o iraditwnsl amekng.

Tz bwlding our mode] on empirical datn we are trving to increass the precision af the

predicto and gmn meaniagiol insighs mto smokicg bebsvons ol effects of mesventioms

Paland.

23 Scemaro Testing

Multiple policy sceparios were tested (Tabe 1) incloding Baseling Caze, Inereased

Taxation, Totnl Ban on Cignrettes, Strenger Anb-Smaking Campaigns

Table 1.
Owverviowe af Paliey Seenarics amd’ Their Wodsled Efferis
Sevnmiin Pallcy Discrlption | Key Parsniters Alfected | Exprctod Tnpad
N il inmal pullcies; e
Thasedine Canuinom e of curremi Mone
remds sopiking pievabenre
Fiduridd :'ltl:ll:h Lo bt b et
Imrrepsed T axation E“L*::h'““m“ | Imitiation ywte () maderade increwe in
revstion
Natinuwice medin
.?-n-ugt Ant Saneklug | cmmpaigns, cducation | 1 ﬂ"“ n-:dnrm.l | H"'Irm““"mm ﬂm
(T FIEE JngErans patlic JisE pide e
auireach ull e Erimps
Tetnl Ban om Clgnriite | Complete probiithon of | Dnftisthon rate ()= 8, 1 “"”':'"“"";1'.’;
Sales clgarvtte sales uiging vabe ) ||JIHI . m"*m"'".:: tefed

Source: Authors’ owi.
Fuor each scevario, smmulation resalis were teconded for thuee key smeking-related staies

across youth, sdiles, snd senior populstoes:
e Smmakers (10, 12, I3k dwedaals comently snoking
e Forner Smokens (01,02, Q3): Idividuals whe have quil smaking
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e Susceplible Populstion (51,52, £3): Indiviclisls ot cogrently smaking
The final values of these slate varinbles 81 = 200 years were extracted from the simulstion
mpmis
The roduciion in smoking prevalence for sach infervention wae calealsted as:

Baselime Valer — Scenoria Value

Kudurtite-= Saeeline Valiee 1 M =
Weliere:
#  Baschine Value represents the fotal numbsy of smokers at § = 2060 years o the
baseline seenario,
s Scenona Valee represents the total number of smckers at ¢ = 200 vears under a grven
podicy miervention,

The increase in quif rates dues to an intervention wos computed using:

Scenario uit Rate — Baseline (it Bite

Serame = Baseline Quit Rate

J w100 {hmy

wihere:
e  Basefipe Cuit Babe 13 the oumber of former smokers (01, Q2 Q3 at £ = 2000 yeams
in the baseline seenamo.
& Scenanio it Bate iz the mumber of former smokers under 3 miven policy
pfervention,
The reduction = the dmake iabwtion saie was determmed bused on the elamge u e
sincepible popudation (51, 52, 5535
Bazeling huration — Scenario fnitiatlon
faseling Initfation

Reductipn =1 SRR R

where
*  Baseline Instabon is the purmber of new smakers i the baseline scenana, calenlated
a3 the difference between mitial and final snsceptible populations.
*  Seenano lnowton & te mmber of aew smoliers 1 a goven palicy sosarm,

34, Semsitivity analysis

To emzarve Lhie vobustieess of the SIQ+P-E+H=-X model, key paraneters wemne subjected 1o a
setgitnaty analyses, wlach icleded tle smoking mnfotwn sate (f), quittieg mabe (7)), Eateway
effect (p), lxation impact (1), effectivensss of anti-smoking campaigns, and the effects of a
fodal cigaretie ban. The bazeline value of each parsmeter was shifted by £10% to £50% to see
how dliis would impact smeoking prevalence, The scnsitivity of the mode] was quandised by
examuung the percentage change o snoking prevalence at t = 200 yeas for esch set of
parametes variaticas, These effects were plotted using o heatmap fo help defennene tle mast
influential factors in determiming smoking prevalence,
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J. Kesualis

The results of the simalations af the SI0=P+E+H+X model refiect the effects of shfferent
poelicy interventions on smoking prevalence seross popilation subgrongs: The anabyais inebudes
& pomparison beiwem the bassline scenario nodl thres intervention strategies, Thess are; agher
tixes, tolal pealnbifion of cogasedle sades, aned mobe agorsmsive andi-tohacen advertizing. The
resulis show that each policy = posd 8t reducing smoking retes! increasing ceszation rates. acxd
preventing progressioa b adimonal smekmg frem a-cigareties.

Frgune 3 shows the simulabn resulis of the baseliw scensrio, wheeh s implemented
withowt ary additicnal regulations, Youcan ses the trends i smoking prevalence amang yawsh,
aclults, and sensies, asowell as e -crgareite use effects.

o

i e |

Flgmie 3. SICHPHEH+X Mool - Haseline Sconario
Sougee: Authars” oW

A shown m Frguee 4, i oereaden axaion palaey kas o pasairve effecton an ares. Tobaooo
wandrel messune at melde txang ligh on wbaceo prodocts helps o poeveriong new smokers
espeinkly amang the voaths: The resull shoave that these i o decrenss m the number ol smokess
and an ipcrense i the tormer smikers with hoe,
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Flgare 4. SHPE-H X Madel - Increased Taxatan Scemario
Sousre: .ﬁ.'.uﬂ:qum

Figure 5 demonstmtes the potential outcomes of a total ban ion cigarefte sales. In this case,
the smoking 1mibatan e is consed ancd quutting mess ane grantly enhanced. The resales also
ithstrate & very fast decline in the prevalgnee of smoking in all il age groaps.

L ae el R _J 1 __ _J]

*en |

Frgme & SHHTHE-H+X Model - Total Han on Cigarsttes Soenane,
SouEve; AuSaE pwn

A shown in Figure 6 the impact of sronger anti-smoking campaigns is shown o iereasy
CUTEnE Tates o decnense relapse raies. The resnlrs sy o decling m smeking prevalence pver
tiaee, with & loowersd gateway effect fem s-cigoreties to traditional smoking.
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Figare . S P E-H X Bodel = Simooger Ant- Smoking Campagns Scersnn
Sirpce; AUEHE 0N

A compasisan of the scenanios reveak that polacies aumed ST ethancing cessation rates and
dicreasing imitation cus have a neajor oupact an smokivg raies. The tofal ban scenaro has
grealest decnense msmaking, whils the weaker ati-=moking campaigns and lawer Saxation
pisleeies follose. Thedse resulls hrghlight the seed for evemll resalatory measices - m fobacea
canfrol. Te quantitatively compare fhe effects’ of each pelicy mtervention, Tahle | below
preseats the main results of eacl scenario i relaion i e baselue seeraia. The valbies are
il changes m il smoking prevalence, quit rates, and mesation raes I perosnlages,

;'rrr::l:riéfﬁnrfq' Inderventions on Smeking Provalevce, Chit Betes, wid Jaitiation
Policy Seenari ﬂrdm;w; Imcrease gﬁumm um;rjmm
Bpurline 1110 L] u
Incresed Tazatien 44 12 20
Total Bas 4350 k- ] 100
Strenger Campalgny =R L -] A0

Sonree: Authiors” aw.

Figure 7 shows ibe predicted rate of smoling for 204 vears under foar policy seanagios
{assnming no other faetors interfece ). The baseline somano, wiloch scumes no new regulations,
shows a slow bl mendy decling in the rate of smisking over the wenrs: This declineis accelzrated
especibly. in thie matial years by increassd wxation a5 hgher prices et as 8 deterrent o new
nsers aml enconrage existing weers v quit The Anti-amoking Education Campaigns (AECs)
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hmve stremger effects that lead to mrore sustained nabuction theough mgher quit- mies and bewer
redopse. The wial ban on gigareie sales 12 the mos affective in bringing dowmn the prevalence
of smoking fo nenr e in the snulation period. These resalts show ilal varaus policy
approachies have different elifecnveress aml that Gical regulsory. and edocsmonsl measuses
alsould ke goabined for loge-teans tobaoco cotrel:

Srfeking Privdlings it Tane Undsir Ddbarent felces

-
n \“\-\.\\‘
W
e T
-4 x W & _us_ s Wy M M
oy | peprwi

Figmee 1. Smolking Prevalence over o 20 wear Perod,
Souzrel Al 0w

The ssnsitivity anabveiz (Fig 8) heatmap shows that some parameters arg very Imporant
Wlale vibers are ot very mllusntial w determming snoking prevabece. The sensitivity of the
maidal i2 also high for quittmg care (yh and taxation impact (7}, which means amall changes in
these parumeters can result mosigmbican| changes m the redochion of smoking prevalence. On
the other hand, Hr:gal-:wa;rtfftﬂ (phis less sensitive, which means:shat polickes aimead at this
facter may not he very effective, The bentmap nfso shows that an increase in taxation or the
affeciveness of dhe anl-smoking cangrign dlways vesultd mo2 hagher meduction in smaking
prevalence while changes in the gatewny effect have neutml effects, These results thersfore
sipport the need lo forus on cessstion tates by wmxation policies and AFCs as major
ditemuinants of smoking prevabence.
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4, D¥iscassion

Smeking is ooe pbthe most pressing public health issnes in the worhd todoy, brnging & ige
Burden of moralty and isocbudity glong wath it snd sesting economws pledgy of money,
Hiwgver, to iz end, & munber of iobacoo control pelicies hvee beenpat i place, which includs
P fion, sk free faws, cesstion support ol adiboivon canmpaign (W ilson o al, 2002) 1
is Impamant for podicyreaders and poblic healh officials o have ap understonding of how thess
pelcies affect smaoking prevalence moorder bo design suitable sirategees: for inbacco contro
{Tleomipaon et al., 200),

In thos stucly, & chymamic compartmental mode] (ST0-P+E-HEX) was emphoyed te examme
the mgact of vanons wbatoo coatrol policees an the prevalence af smokmg acreas popilalaea
grovaps. The mode] is more sophisticatad thin the hasic STE. 510 models it uses o incomonie
e-cigaretbes, lmxation, mwl age-specific dynamics relevant o smoking behavpour. The findings
af the sismlabion are hetpfal  an aedeistanding the pessible cutcomes of the differen
inerventions and complete han on cigaretie sales is seen W be the most effective, fiollowed by
alran ger anti- emoking campaigs and Bigher Taxarion,

The mesulis af our stacky show that bigher tobaceo taxes Tead 1o a morked decline in the rates
of smeking, espeoially nmong the youth amd the bw meome cwmers, whach 15 10 lme with
agercational evidence that pnce s one of the most potent detesnents 10 tobaceo o amd o
progaester of abstinence.

It hag bee shown the dymasnie modelms rameworks ane impontant i ohacedeontral and
it models fike BinSmoke have hom used 10 project the potehal imipact of varms policy
combusaiions i oover 20 cowmdnes (Lacls e aly 2024: Tusloid ér al. 2002 Like
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SIPE+H+X, SimSmpke hreaks populations down mée non-simekess. smokers, and former
arnokers, and 1 simulates the tansitions between these stntes ne a fncion of policy. change
{Levy et al, 2000% Hoewever, there is & major lnutotion of SimSmoks in that 0 does oot
norporale energing nwsatine producis like e-clgarelies o 2 great exten]. Exfensions Lo
SimSemake lkave been nssde to dnchede die effect of e-ciganetbes. but thesa are wualhy dowe as
exogpenons extensions and not as pam of the core peguilaticn dynamies of the model. Tn contmst,
SIP+E+H+X b o distinet e-ciganstie compartment that enablas the mode] to capiure a1 once
the rede of g-cignreties as cossalion resoarces and as enfry points fo smoking, Thas flexibility is
particulardy mportaal i bght af evedenes thal sugeests that yowlh whd use e-cigareties ape more
likely to begin smaliag tesditvonal tobaces producis w countaes witl strong tobacos control
pelicies (Ganounova and Mapsvelder, 201 2), For istance, the Brazl SimSmake model found
that nearly half of the spoking rase decline in Brazil betwoen 1989 and 20100 can be ssenbad o
poelicies such as inx increpses, advertising bars, and public smoking restrictions (Levy et al,
2017y

For dstane e, applicatons from Smdmoeke m Korea showed that o very large incresse m
cigareite prices lowered the prevalence of smekmg by abost ™%, which 15 consistent with the
netEn 1hat fiscal messures ae effective m the fight against iobaceo use (Lavy @ sl 2000),
This evidence from edher countrees i3 1 line widl the findings of SICHP+E+HX which shows
it ligher tobaceo taxes i aceomapanied by public heslih campaigns redoce sobing incadence
ammaiag yioaths,

Regonally, {Lachu ef al., M22) emploved a compartmental mode] ta desenbe the smoking
chynnmbes in Toscany, lalv, sing spe and pender specific mtes ol transition acioas the smoking
cafegories. What they have done is significant in noderstanding the impect of age and gender
ai smeking behaviouss: kewever, the madel 8 maialy reinspectve insiog, bemg mbendead Lo
deternum the best £l to historcal dags raeher than fo propect palicy mee ihe fotare. Morepvar,
the Tascamy madel does net inchude e-cigareties ar ather mooline hased allemative praducts as
well, which iz a limitaikon in the setiings where these products are curently: wsed.
S0P E+HAX, which melndies e-caparettes and thear possible gateway mole, offers & more
relistic portrayal of dhe cument fobacot masket especially anong the vouth whao ae kely o
use hath e-cigareties and cigareiies

The muedel eslahlished by (Levy et ol 20211 15 imlessded (o estimabe the public health
repercussions of lowerning cigarette nicoting conceniration o o minimally addictive level, as
well as hoer mach o poliey may nifect smoking mbes, progression to daily smoking, quitting, acd
relapse [[13].]14]) Lewy's nuslel is siochasiie amd desemibes the dynansics of neeoting
dependence alone, and 1 provides wsefol information on how product-specific regulasery
strafegies affect the smoking patiern ever tune. However, because ther approach s linmited to
rechaces] nieoting comlent peficies. iU doss oot captare the impact of other tobaceo control
iersentions such ns tax inerense policy, adwerising restrictions, of anti-lobacco mnss medin
e ipcation compaigng a3 well as the effects of e-cigarettes thal sné popaler hese days.
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Asoar SIHP+E4+H X mode| appears 1o be more complex and more elevant fo the curreni
needs than the origimal model, 1t can be used to measure the effects of fscal regulatory, mncd
eucatimal pelicies on smoking rates over lime, Becauss the two fechnigaes are combined nnsd
are guite compprehensive, a bybod SIQ-PHECHAX madel i @ betler approach 1o adidressang
pvnfl-stEntegy inlEventions i peetine health mangermest

For ustance, (Camacho et al , 2021 § developed a system dynamics model b simaka e
franditomns Emong cigareties, e-ciganettes, amd heated twobaceo products among the Ialian
pepulotion, which & another example of models that fit the evolving meotive ladseapes
{Camsscho ef al., 202010 The mode]l also incorpocites posduct substimtion. dual use, and
movenints fo complete nicotine abutinence, therdhy providusg umportant maiobis injo the
combined health mpacts of these three, cosxisting product categanies, This kind of modelling
will hecoms more relevant a8 haom reduction poochicts grow beir madeet share aned
poeloymakers must corsider the potentinl benefits of encoumping smokers o switch to lower
rusk picelicds as well as the pobential fds of new peoduct apiake aipong iov-gimakers. Tn thed
atudy, Camacho o1 al. provide a detabed maighs meo produet specific heahh mupacts, but the
mode] @5 primanby product iferactions focased amd does not provide @ comprebensive
evalaation of the effect of traditional tobhacen control pelicies, suel &5 tax increases, advemizing
bans, or anfi-smoking campaigns. By cootrast, the SHPHE+H=X model incorporates these
pilicy bevers mibo = single framework 10 deternune ihe effect of dombined pelwey uecrventiong
an ifeation, cesaation, relapse, and product substitution sach that i i partcuberly well smabed
far comprebensive policy planming, wcluding endzame scenanes sach 2s a camplets ban on
clparetts sales,

The integration of e-cigarettes in e SI0-P+E-H+X framework is particulnrhy sigmificnnt
comsrlermg e ambiguos evidence regardhing thesr smpoct on public lesalih, The dynssme
meadelling studes that have been cimed out in England which incerporate cigaretie and e-
cigarelte usz bave recommended a faicly hberl regulatory framewark, and Pablic Health
England hos sisted thei e-cigoreties con be beneficial if used appropristely (Mabam. 200%
Abrimss st al, 2008), By way of examgple, the modelling dene in the United S2ates has showm
il pubilic bealih may be silversely affected by e-cigarette use among vouths which may bkl
tix the tnifration of coonbastible smoking (Soneji et al; 2007} The capability to maodel such
gatevary effects explicily, as m SIQ+P+E+HAX, enaobles scenano modelling (hal & possible
mnder optimistic as well as pessimistic assumptions o help policymaksrs undesstand the
potential tmde-ffs in e-cigarctts regulaiion.

The alality of the S10+P+ E+HAX inodel fo replicabe both conveniveisal amd wnconventional
poelecy mderventions & oosignificant strong point. The moded con olse capture, in addition o
hasic sttnbutes like laxes and advertsmg, circumstances such as 2 olal ban on cigareite siles,
This paper’s reaolts supgest that if such & restriction were o fake effect, then the prevalsace of
smekng conld b= redueed to practically zere over the eonrss of several decades. That may be
reflected 1a the countnes combanplating tobacco endgame stateges with exteadal e
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henizons, inclading Mew Zealanc™s Smoketree 2003 mmtiative. Wheiher such prohibiisns nre
more likely, the capabilisy toomodel and link day-io-daw policies makes SHHP+E+H=X 4 vory
agmlicable model.

As with any model boweves, there are Himatations fo te SHAPHETH-X model. s
predictions ase quite depeident oo sootate patameter estimated, especially foe the e-cigarem
relatesd tmrsiions et are truly sncertmn and context dependent. Furthermore, the mods] does
net ivehode the poesibility of illcit maskes ineigaredte sales after the prohibition, which may
compromise some of the expected pablic health pans. To increase the realism of the model,
allveit markel dynamacs fay be integrated mio the aext verson of the mocel, sspecially m low
and vnaddle meame countries where enforcement capacity oy be low. Alse, compared to
agent-based models shat model specific kevel sohons nd peer presaure, SKHPE+H=X uses
pogtlation Jevel means which may not folly caphoe the effects of lecalization, for example,
vnping epidemics centered around social petworks in schopls, The pext metor, which is related
o tacatio, 1% Lhe desined budged revenues. Todal prolibition can iavalve a Lnge mipact ai the
couniry's budget meoe, which 1= also a sensitive factor in fisdimg the balapee of sevenae va,
puhhc health

& Conclustons

In this poper, we mplemented & dymamic compartmental mods se nssess the long tenn
effiects of dufferent tobasce control mevaitions ai the prevalece of ginokmg across differen
age groupd. The model 13 vessatile and expansve, and coatams  imypostan fesures such as
smokmg mitation, abstinence, relapse, e-cigamette use, and bealth consequences  mode]fed
wyplla A O miode] coubd be 2 asefil ool foe assessing obaced coalml programmes i the
coext of & dynamically evefving nicotine dalivery product to tle market. The resulis also
highleghi tlee umportance of & halestis appreack. Out of the treaied inberventoons, a complete s
o ciganetti sales was observed as a most sioking effect o ceducing the provalesos of smokang
1 practically zero over fime, which was abviously expecied, This policy commespamds o an
almost wiopsan final seenario, bul it does mdicate that through stroog and eoherend messaras i
15 poszible o conirel the prevalence of smokmng,

Sunilar to e fondings reganding smoking cessation, dragar anb-snoking campaigns dnd
higher taxes wene also forand to be effective 1o preventuig smokung inibiation amoeag yowls and
eNCOUCREING cessation among people of all ages, Thess resulls are supported by the cumendly
mvntlable evslence that well-fuisded piblic bealtlh coimpangas and feeal polbeies pined
fohocco products ase some of the most effective in redocing Wheceo corsumipdion,

Lisclixleng e-cigareties oo te model enalded us a more precise assessment of ther dual mole
& cossstion divices and posiible gatewsy to conveational sinekimg. E-crganeties display theu
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poential in emhance cessaron rates among adull smekers, i ot the same fime, pose & nsk of
eacalafing voull initiation aod subsequent migratian to standard cigarettes. This complexity
emplasizes the need for seasible reaulatory resrictons thal can sirictly prevest yeuth from
wovEs o eciganettes,

The sensitvary aivalysn alio revealed that inpoetant dovers ape ganbing sates and the etfect
of taxation, and that even it small aliemtions can dmsbically altey fong-term smokng
prevalence, The last finding of this analysis recoafirms the mecessity of the constant cheervation
af the repulations sl toxniien to keep the effectivensss of cessation on a desireid level

As o misdel, & bas ais bmisations, primacly foe s depexlency o dccuraie pasimeter
eatunates. and for i3 Eailuse to captuse llit marketd and eafoccesent challenpes that are
typucal af extreme policies, ncludmg a tatal bap, Futire extensions of the model coald mchude
thw=e fctons, along with more agent besed approsches to the model to better capture bocalized
peer effects and sneking belurvioar s ociol network mifuensees.

This. the anudy establishes the wnpomaice ol apo iy dyisoic meodeling for predieting the
effecuverrass of tobecer comtrol swate pies based on the available esadence. The SIQ+HP+E+H+XN
mode] cap theretore be a usefol quantiiative ool m the hands of policymakers 1o help in the
developiment and implamentaton of overall, srategic, and data-driven iebaceo control policies
that are less likely to be resciive.
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Analysis of Demographic, Familial, and Social Determinants of
Smoking Behavior Using Machine Learning Methods
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A lstra ct: Srnoking bebaiorn, epcompassing both tradiiional 0 bacoo and electionis cigan:te
v, i indflnerend by p rargge of demegraphic, fmilal, and socal factors. Thas stady exsen-
inis the reflagionsbip benween smoking habibs snil fanaly dynandes though 2 oross-sectiosal
survey of LK perticipants, asing an anoeymeus. questonnaire to molbect demographic data,
smioking patierms, asd Farnilal mleractiosn, Vilalabed selbrusments, -ﬁhh.i'ma_lhn'l’mn
State Electrionic Cigarelte Dependence Index ard the Family Bslatiomehip Assessment
Sen by, woeng enigrhopad s smaking degemdenon and family chynamice: The analysis
identificd key patterns: such as increased smaking frequercy ameng individuals expe
rirmcing highir Emdly finsan sl vanabioes i smoakivg bobibs aonssd age and gemder
groups. Mocumal smaking wis linked fo hlghes cgarethe corsumption, whenss carly-day
ks exdribibedd a fonwer diesing b it Machine lramang meodels wene appling fo predct
and clasey srcking bohavbors hased on ko phukc and famalial vasiabbes, with an
ermesnble kearning model achieying the highest acouracy 13 33% L catperforsing k-neanest
neighibars (SRS |, serppor v kor imachivees 080 M0, ard decision trees (K325 Thisse
fimeings andersoors the comples inferplay betyveen famify relatiorships and smoking
Istuviog preoviding -mdﬁnha o il balih enlerventions. Ackiitwnadly, this sudy bigh-
lights the patantial of machine kaming m behaveoral mesearch, demorsirating i utility in
Idamatifyivgs aiwl privdicting souoking-relaid ot

Keyworde: e-ogarettes; raditioral dgarethes; tamdly selationships:: conmenanscatsmn
putlu'ru:ﬁi:rd.-ﬂmtﬂmkirﬂiﬁlinmﬁulmmmdnh-dﬁmnmlyﬁu

1. Intreduction

P Ly s A Posmllation of social Tily, proavidingg the oy slual wih o by smvirom-
mend for thee forms ioh of inberperconad <k, 2 valoe sestemy and 3 sense of idenbiby The
farrily redakiveships hat link domily e ol difkei slages of e serve an bmporant
Fancton a5z 2ot of coneection atd seclal indluence, Ther mporkance foc lhe eedlvidual
i puident fhrnaghot e, plaing o kv node in Failding well-beingand a senze of stabiliey
o sach stage of thele devebopoient [1]. The bealthy: developnsest of the chilld and the
fanchvaing of the lamiy deperds un the endslences of Lisling, supportive mmd emetoally
et bonds Fetwssmn it mimbers [ 2], With sippactive socal nlatiooahsps, peple
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can copst betler with stness fod masntain deir well-being: Good rdlationslidgs can prodact
interpersonal fumctioming and mental enlth, as well os Engevity [3], On the other kand, a
dysfurctional family w charactermed by o lick of banmeny ar @ bt with emsions, sach
s conllicts botwenn parents and :hﬁldnm..l:rg,lﬁ’unrrtn peiins W o of mond family
members replect Seir responsdilities, leading o family dysfureon ard disintegration
Thie bypo ok l'im.l]:.- is characierzed I:-j.- b bivels of husdily, seell being, h.-ppimm,. acwl
positive relabonships compared (o ather Sanilies, which can oontribose o sodal prob-
Fezirts bt b et mone soamples dif foulics, causivg sulfdring aud distness far theis
mienhers [4]

L1, PMhysionilavad Prevantal Heaitk fnpace=

Srikinnd, o ticailarly tralisianal s dse, s Bang D & welB-documeated aibilic
health concesmy, b | lepi fon Fadly dyimamiees semeins less explorad. In thear study,
Steeger ot ol ahawy thak adiksot sbemmalicing probleon: mchuding eppesstional ansd
convduet |sawes, develip fmen pasenzal smaoking exprsare. The prediclive power of harsh
pareniing are kew panent-child bonding momeds papmial smotmg - as facfers-over fime 7]
Linfversity stodont mescsech shnwed 1at shuden b who experoroed . nogative paneaital
refationships and poor fatker—hild borads wene more Bikely 1o smeke, Shudenis who foced
e T sll.-.i} e | I.un:mr.n-d. senokirg bebad bor, whizh may slem tnom hewr
shress [£].

Frarnilincs amt ghe ety smigs of sial imferaction, and sivoking bebavivm willin
them can mbuence communimben pattems, conflsct reschition; and shared :vq:luimnm_ In
homigtunlids where emaoking = prevabent, S belavior may no waly afect individual
haraith but absy disrupt fanuly cobesion [ 7], Nonsmokers, especaBy children ard el desty
farrsily miribsits, may eprivncs sigiiFcane seericend and pRisicnl s s thive cendingd
with health fekes, sevomdhand smake exposare. and concerns shaud thelr loved ones’ well-
being, This strmin can affect how: family: members communicate, navigate conflicts, and
provide siveding | suppot, urderseodng e need ko undestand e social disnensioes of
amnking in famikal oonbexts |3]

Sarking sburing @ rggnaney prsis sigraficant fake o the unbirm child, including
Iy barth weght, developmenital defays, ard an increazed ikehhood of resparatory ssies
Dt ey i, Melibieruad smeokinge dhuringz prvsgnancy s arsodcinbed with intravherss gnowih
redirition, leading o ko birth werghts, Prenatal obacon smvoke exposane iz a well-Saowi
risk i far adbvarte il el opmetial ot v childhood, mduding aagnitivg
delays 9] The prinwry eliscts of mabemal smaking on ofspring lag function and
hieaith madade decressod respiratory complianag, increased hoepitalization for pespizatory
Indectinns, and an mncreasid preealency of chilldlicg]. whvisseo and asthoma | 10], These
outcomes not anfy affect the child's health bt an also strain famdly: dymamices as parenis
mavagle e chiallenge= of Garmg For o child waith hosdls comp licaBions . Farbremce, e
stpess-arsncmbed with smoking-related ooimplications during pregrancy. may heighlen
bensin busbn parirsssdding anoder byer of complesity b fimiy nelaliceships [7,17]

The pa=ical and refational ol or remesmckers exiends in children exposed bo second-
il ke, whis Bk beighlersed riks of peapirabory istaies, asthma, aedd developiaenial
chisdlenges [7]. Man=smoking famlly members, including spocses e elderly selathoes,
ofien experience e scd styese and coneern for loved ones” bealth, wkich cam lesd to
fueresdon willvin e househokd, The inder play of these prhy aical aid esncdionsl sffecs high-
light= the predound impact smoklig can bave on e dyraimics of Gancly e, particulasdy
whien shamd rotines ane dsrupses or ematimally-charsd discussions aris ooe smoaking
behaviors [12,15] Guo e al, in thedr interesting stady, revealed lbe situation hal poos
family heafib amd dynamics are asmociaied with higher bevels al facoline deperelmee
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amnong amoking faikers. This soggesie that dysiimotional fansily relativoships can con.
tribwibe bo incressed amoking behaviors, keading 2o s cycle of atress and lensson watlan e
howsehedd [14]

1.2, Foewnd snd Culbimi Fictons Sogveer Swkimg Sekeiin

Cwdiural and s | s (actors further shagn: hnw nnnlm.ﬂ_hrh.ims ane .ldl.":ll:tﬂ
and maintaimed within families. I spme culiines, smoking is desply ingrained im sodal
Aluisks op piroddvid s g aign of shilis, infludneing bow il smenbess view and lerecl
writh smokimg 05, 18], Geeder dymasmics also play & erocsal mde im shapirg these behariomn
Fix fiwtarss, in mary hose bbds, it o oo Bkely b smots: thancsonnm, swhich
o riormaiine smoking behoviors for children, especially boys | 17]. Meanwhile, women,
practictalar] ¥ sushirs, may B sociefal prosswne b quiit aioking oo ibeir Sapegiving
rakes, creabing puilk or slnes i households wbere cessation effests fil [5.5].

Familiveim Knwver sociomnomic brackits often fue sddigioral chaliges; indssling
lirmited docess 1w cessation rescarces ar helghtened stress that éxscerbates smaking habies.
There faclors can crente generational sooking patbemes thatare dibboult fo break, sompli:
cating effore o lemproye fasnlly histh and colbsian [18]. Fanancial strasn 1= 4 Sgndficant
medinbor betyven oy socieconomic status and smueking behaviers. Individuals esperi-
enctng evonenie hartahig oflen face dbonie chress, whach cin lead lo enenrsod dobaco
s s copang mischanism This stress-irdzoed smoking nod only affeds the individual's
hiatth bl abso il Family dyesimics, pogentially. nemializing sioking belavions o
yaunger family members ard perpetisating a cyde nf tobacon mse across generatons [ 14
eryimnal puarertal influeroe, pee-lie selationship within famaliss, suedi as fose bty
siblings vr cousing, absd play a significant role in shaping smoling behassors. Younger
family mamibers drfbeh i late thivr ek sl lingsor cousins-SintpBeating (rseiiam effisrt
that focus sodelyon pareetal habits. Tserventions that addess faalywide behaviors ave
tivus moe Bkeby o vield lasting nesalis [11015]

L3, T Rt of E-Clpartied it Tesdemaligal [mPusaie

The advent of elecinoic digarcttes, often marketod as less barmfal allvrnatives e
conwontlisnal nbacoo products, ek wdded n#ﬂﬁtmh:.lmplam!.rlnl}ﬁ'.ilmd}' mulEifaceted
landacnpe o smoking bebaviors. Thoese devices have rapidly gained mdion, parsculasdy
amnong younges demoprasbize, due 1o pereplions: of radiecd b and S appsal of
infegrating mcdem teckmpdogy mio smoking prachices |11.20]. Social meds camgpanzns
aned pssadion apges play a dual vl incikis shidt Adbhoagh e platharms kel spresl
awinremess of smcking reks and provide rsmmees for quitting, they also glamaorize -
i are e, particnlary g ponmnger aslivnes. Fanmilies st s igate s misd mssige,
awl younger leches av vy members a.rgdhp. at H'ht torefront of shaping howschold aftitudes
fersn] amdiking aned ecigamies | 11,20] '

Eimengirg research on e-cigaretics has abso raised concerns-about thetr potential fode
o a gadew iy bo tredstional iobecon vse, pasticularly amang venth avd youre sdslis, For
instaree, rsch replcating carkier shidlce fonnd that baselivs: e-ciganie s among,
mdolescrnix was linked tohighe r adds of tobaooo smoking at femimth and 12-month golloee-
g |21 Fanily envidmments play & sggnibeant ol in shapuig s behaviars, widh
vounger family members often influenced by the habsz and athitudes of those asoured
thwen, E-igamettes, migially siwod as a saifir albrmative, can inadiemimtle load e groades
farily condlict if they result i tramstioming b fraditioral smaoking. Understnding these
Teturvirid svifes and Bhosr gt o Baenily olitionships o essenliad for deyalnpsg pablic
health stratégies that minbnize harm (5.2 Inaddition, (amily stracture plays s roledn
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adidesoent ﬂ'nuk'l'gﬂ_ bohaviams. Adblescends From vde-nfact faeniies bato heen shibwn 1o
have a higher prevalence of smusking amd an earlier eosel of Syganee use [23],

LA, Faoeily D goid Siiniang Ceesabimi

Shared smeking habits wigthan families o secve as beth o baonding activity. and a
weoarcie of combention While EIJILII.III.B h:;ﬁt'lh.ﬂ may prow s mosents i conoection Tor
siime, disagresmenta obout it healtiyrisks can Jead to heightened conilict and megntively
alffgct the oveead] fapnily abmodphens, The prackioe of ssiling gethar enhbes Somding
thivments for =ame family membsers, bk Beaith nsk dissgreement prodom mene confiact,
whach damagss fimly shposphene, Budics show thal adolescimt Sdpon s elabs
tos farwily eandlict threugh sersation seeking and impukive bebavior patems. Reseanch
Iy Eelava ot al. melicatis Hint Famaly dnmiments and skrvis cneste conditions wiich lasl
woursger family menbers o start smosing [ 2], Meceover, pesearch by Hill elal. bas found
Heans pusart Esumily sodationshipee, sugh s Jaw parentsl irceitorip snd Bonding aneassciated
with highes risks of daily smoking mitlaton amceg sdodescents. This pndersooges the
imporianee of o pupportive famiy environemend in preventing bobacco use and suggests
that conllice pier :lTu.luu,H_ can indcermine such protecting faotos [ 25]

Thie rize of e-cigarciies has mmoduced new complesitizs b these fneractions, as fhee
il o g oo Pu:p:-ﬁ\wd -d.leh.l_ me I £8h ol I-.-nl:um-n lin v ol health rsks and
andietal acoeptanee. Thess shifting perceplinns further complicabe family dymamscs and
iwdsinn-iradim g armand smoking bebavions [11.20.26].

Public health rampaigre and smaking cessalon programs have plaved a pivotal Takein
shapsmg Family belasinrs. Assmaking rages Fae cectited in sy <oanitis, bousshokls
have ecreasingly become envinmenents where norrsnokers and former smokers can
itdeniis e commberably Thees ibderventons feduce familinl conflict sk o emekang,
and doster beatihier living conditiones for chiliren ard eon-smokers. Campaigns that
emnphasicze the colléctive health benefits of guistang, inchiding the positive Impacs an
family relativreshaps, have prtass cspeetally cHective (i s iubsging sesking ool
within households [ 12}

L Lomg-Torm Efocts o Famufy Cvans

Smuking bebavhors within familices often hove ong-eom, mivrgererational effeos, per-
potuating cpeks of lobaceo e, Child e sised in howseliodds whese smoking is prevalent
are mone hikely fo view itas 0 nomative behavior, inoneasing their likelibood of hecoming,
sirvake s wmnsatvns. Dian friom Ui UK gosemmint revenl thal femagens whiose panmis
arcaregivers smoke ans fon B 25 Hkely foostart smoking [ 27]. 'I'h'u-:i.nh:rgmatl-:m.:l
ransdssive wrmerams the prodmsd inpack aof paneital siwiking on yoath beevics, A<d-
ditloraly, ressarch bie Alves et al. indscates that parerdal smroking inoreises the lkelibood
aof ndodessend il smoking, Witk maternal smoking having o sronger desaclation for girla
and patermad smoking for bois [268] This cvde cam al=o influence how fufune gererations
approach health, commurdcation, and conflic sesclation within families: Brealang this
pattern requites intopaontione: that sddise ot eoly individual bebavioes bug alse thae
famiiml and culboral comteck in which hese bebaviors ane pmbeddied {12,221,

By exdiven g 1w chyeninmt ks wallsin Bumiles alfoe ed by ua-d.l.l.lr:uaﬂ fobaccorise amd e
ogarstie consamphion. nessarchres aim i ilkmanste the marosd wavs smoking bebavioes
indfluimioe commrunicabion patenes; comflict mesalution, ard conotiova] bemding [ 121 As
snrnking rabes confinoe o deckine inmany populations, the disinctions between sninkers
ol pn=srmak s wilhin Saimilies grow mem proourssad, caisng onitical gies Bans gt
thvesr Evypact on-famaly dobvesion [ 134
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Fhiz resaich smobindcames e dmposfancn of cobelde dig ol ndividual seoking
hihaviors and their colbective implications wighin familial conbexes 1o inform smnking
provention end support initiakves,

L Matertals and Methods

Thits stuady usedd @ cross-sectional survey dessgn fo investigate Hee relationship between
amwkicg bk, includivg; trwlatioral fodaora e and electromic ciganitm, and emily
dyramics This mseanch asmed 1o capture o ccenprehensive snapskaotof participant sipoking
habrits arel Fomilinl ivdesoctions thrmgh sbnactured datn collection and advanced anadvtical
mutthiods. The stage: of the feararch dre shisvn in Figoume 1

blehirs b
E-nn -mru-uH G g Hlu.l-um- }{ﬁwu s ':::E“]

Tigume L. Thestagesof the rescandy

21, Suroey Basirivsiis

The questionnaane for this study was designed 1o explore the relation ship betaeen
simirkirig; bl ciors aved Fermily dinamics, TEnchnded theos mmain sectons Demegragrhic
Information. Smaoking Hahigs, atd Family Dynamdes, alorgslde valdated fook ke tee
Pertm Stanbe Bl lrvwss Cliganette Depsradence Fndes (PSETTH) an th Family Relatmship
Assesement Scale (FREASE A literature review gulded the dnelosion of key varlables. and
Likest-sainle Homma st dxbitsivisly e for spians Fuitg siboctive es penie ioes [29]

The Demwgraphic Infommation section collected data oo partcipants’ age. geosdern,
echmation kel mnd living ervironmeens (rueal, seburbsan, or urban] o analyze socieoaliaral
snd grograshic influences. The Smokivg Habdle section s sonking Lype (lad=loeal
oreleceorich, frsgnency, age of mitisfior, and durstion, erablm g comparisors behysen the
e il gl o and e pare s o family relationshigs. The Family Dimamics section
used Likert-=cale isems adapied from FEAS soemaluaie comminrdcation; comibcd resaligting,
sharal pctivities, avnd emadioe] colwsion [31]

The I‘SZEIZ'I.“!],.a 140 I.H-nin'-numedtwhrped by Foukds et al [26] was used bo assess
andiftien Bevols for bobh Arsliziomal @i dlattwmic ciganiies, sireg the beek fhoms can ko b
meedified bo evaluabe deperdence cn mditional cgerebies, using the Fenn Staie Clgavetts
Crependmeor des (PSLIH]L I was achnarashered as one of #hrew companenis of She question-
natne (1) autboradecignand Wems, (25 1he PSECTTscale; amd {3) the FRLALC 1':|m|.il5' rnl.:lh.'rsh:lp
indicatnr. The PERCT provides cumailative soores rarging from 0 bo 20, categonized as
A, Lo, sswubesate, oe liph depoadence . The arigind scale lois demomstralod eopaingizil
walidity feomelaten: 071 with the E-ciganstie Dependiencs SCalep ard cansiruict-validsty,
sigrportond by Ehie observed oormelation bebioen bt sean and the mookine comoeniragio of
tie e-laquids consomed (1], The FRELICT and FEAS questionmaires were transiated using
ifar bk tareslation mwthod, as i validatind Palish versions af Hese nstrumenis wons
avallable. This approach was employed o cnsd e lirgukstic and conceplusl gunalencs
eawerm s criginal amnd brmelabad virsions, )

The FEAS ssasmsed famdy dynamiis acnoss theed subscabes: Family Support, Famiby
Conflicts, and Family Togetherness, liene rofed on a5 poind Likert scale provided a
rempreensive view of familerelatioaeehips, with o Crenbach's alpba-of .83 gor the avcrald
acale and BF7-0RT for the subsscaks (3],

E-cigarethe aicd braddicaal ciganethr e wWird soconded ae Bliiry vadalbis (yes (o)
bev assess eneral usage prevabence. Additonal lern! assesred] sape frequency and de-
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penderce beve e askng Lokani ml-l.t:-:ru:'l e FSECTH acome. Loarelatéon ;n:l:,nm:.tnrvnhtnﬁ_
hinary smikang vse variales woens interpreted coatemsly duee ooscale Hmilmboms

Auddditicmal sudi-administered questions cophmed peroephions of smoking-related fam-
iy e, inchuding coidlicts, wlasonahip mpacts; and guitting atlempty, oflering (o
intsights inbo Hie Inlerplay betoreen smoking behoviors and family dynammos,

22, Pirtacypaind Beerinlmvin!

Pacticiparnie for s shidy wize secribid wsing o convenisnie sangling Soabipy
throwmeh tmine platforme, comemunity forums, email irvitrbons, and [ooal nebsorks s
ervsany wuvssibaling s divessity, Eligibility orstera indhadesd by 18 yars o8 oliler,
providing informed consent,and proficicney in Polish to'convplete the survey: Exdusion
cribiwia ek i paesil sl vidalewender 18 e whin declined omised, aof were l]llub"-" I
sumpleh: the questionnadne, The Bnal samgple of 108 partcipants cepresentsd a rangs of
i ot pe, il iderratios, adhicatiomal By riets, amd Byirg spvimemonts fachan,
subyurban, naral].

Ethical standards were ngerously wpheld throughout the study. Pactiapanis were
pmi.lhdﬂ:l seith detatiod Information dbont ty shudy's prepesd and desunnd ol anvnyeaily
Flectronic informed conses | was obiained, and participants wens meminded of gheir rght
b wilbudeaw ab day pelnk. The sunsy aollectied ne perscnally ldembhak b irdossnaban,
enstmng privacy and osmpiance with efbecal gudelines: This study was comducted with
e apgrraral of the Bivethival Coimmiliens of Medical Universily of Sieia @ Kahnvion,
Poland, dated 16 Cctober 2118, approval number KWW £0E S KB5S,

2.3, Dhatw Collectim

Diata oulletion wigs condugted waing Gl Farms, .‘-ﬂi"_."l“.ﬂ o it acoesaibnlaby
comnpatilility aoross devices, and cime of use. The survesy Bnk was distributed via social
imisddin, commnmily groups, and cemil s ke ensane boad dotresch and irelsivily This
gt fesmmat mimimasd haman e and alloesd participants b eomphee e dunsy
sopverikentiy on varous devices |20

Ther colbecivd data wizpe examaned threugh a combination of statstical to=ts snd ma-
chiing b ng I.L'-.:h.l'lq_u:-c B i.‘l..!-nhf].l sigeificant mEeochitioes ard patierme:. Deacripiag
statizgies provicded o fosndational underatarding of the sample’s chamactenistics, whilke
stakistical braks wiore o ployod Lo el poting sl roelinos hipe belwsn variblesNa.
chine leamirg algorithms wene then wsed b predict smoking behaviors based on the
iemalifiod (actoes

2. Slwistisl Awalisi

e stahstcal amabysi= was conducted b inveshga e the redaticeships betweesn socin:
dernigzraphas, Famdial, and behay il o inflsienicing amaking ebasinom, oissation
attennpls, and sdaked variables. The dabiset ':m:lin':lnﬂ.mugnriul,. ardingl, and conbinuous
variabios, whath weime preprocesied and eategemised a8 nedded. For example, For van-
ables such as sige; partcipants were grouped info Hiree spe categoriesn—18-22 2527, and
- year—Ior ANCYA analveis; based ontortle:distibaton. Chissgaane ests wepe
emphmyd o evalunbe sseoc biors belween mbagorical varlables fe.g, gender and typeul
smaking product), Spenrmans rank corrdagion s 1sed e pssess rdatiopships myolving
and.hﬁ:-l o Tmm'mﬂl:r chistratrtid variakles {og, Lilorl-scale valmis and Inlll-H.::-n..ql;i-]
Oipe-way AMOAA was applied 1o ormpare group means for contirmons variabies that
mak the aeimpline of normalEiy ared homnogeniity of varars (g PEECTH soomesh
Azsummphions for AMOYA were verified using the Shapire-Walk best for normality and
Lasiwrne' s Sl feve cunalaty oo warisindes - Seatisticad wiprn Fcance s s al o pevadue oF (005



T

Al anafyvees were conducod in Matlab EX019h for academic uee (Mafhvorks Ine., MNatick,
WA, USAD

25, Micline Larrmmg Misthogds

blachine krarming bechnigues wene soploved bo dasealy ard predictsmoking bebavicrs
bised on s io-demographic, Tamilkd, and behavioral factors, The chisoe of iq.gwllhmn
wie guided by their compaltibalisy with the dateset’s siee and feature charncberistics. The
duviibon e was selickod as o Baseline wodil due bo s inlopretailily and absliy io
handi= onliresr relatiorships effectively. The ersemble methed was employed o enbarcs
rodrustineas and miigole averfithiag by ageragating rmiMipke weak learss, a stlogy well
sunied for managing ghe variahility inherens i the dataset. Suppost vector machines {S3A{s)]
wrne chisen for Hesis Eliemdical advan bage in separabing Crsec by makimiding decisson
muargins, althoagh their practical perfonraroe was constrsined by the Homted dataset siee.
Finadly; e k-NM alpgorithm was implomentod for #e samplicily and steeegth n capherng
lpcalized redasanships, miking it an ef fective ool for idendifying prosimioy-based patierns
wilhin fw data

Tobotior understand the strocthure of the data ard sscsss e compbesity of the classfi-
atien fek, 4 Frincpal Conrponent Analysis [PCA) was conducted. The mitinl PCA was
o bneesnd usieg all available foabines drom the demographic, FRRAC, and PEECUO soctione
of the guestionmasme. In additior, a refimed PCA was carried ond oo the s most stabstically
dabcri minadive varablics, idemiifivd wia ASOVA Fbid, b by interprotabil ity Thos:
projections aimed bo explone cass sepambihity and identify meaningtul clusiering patterns
weithity dwe datarsd

The preproceasing and analyss of the dataset were dessgned to facililabe pobust mae
chiine bismungg meeleling vibvile slidmssirg slata cpialisy issaies and indracting mesnirgful
in=ights. Initially, the daka were subjected o propeocessing steps, induding the nmowal of
rowys with missing values o maintain the e grity of the datasel. Conitmuoous variables,
sih s senckirgg Eejuency and lamily wipport ralengs, wert nermatised desng e-coom
noarnalzation b emswre compalibility with machine learning akgorithms ard 10 avead
Britess el b dlidforive soales, bn addiion, cobogoial varkibles, including famiby smoking
history confhct levels, and type of smnking, weee encoded in ramerical farmats. Feahame
emrineTing was applied se comsbmct oomposite varabdes that ceprsent the impsc of
siwvoking ot family. relatcmahaps ard bebaviars based on sespurses o the Likest scale. The
daes imbalande o acddnmessd by ovemamgmg the minenty clas, particndady forvan-
abdes with siggnlilcant dsparity in the response distrbateon. Thee data weee then partisioned
indor triming (708} and lesting sabeets (307%)

Several abgorduns were mmplemented, moduding a decisbon tree clissities, ercemb ke
lraming; methads [asirg & bagging approach], k-mearest resghbors (k-IWMs), and =upport
v b s hises (SYIES]. Each mosded wors Srsaned aed vabdabod weing s lratifiod k-fold cemss-
validaton fo manimeee overfittmg and assess generabiabifity. Metnos such 2= accurscy and
s e sasaed b gvabuinle moodol perfvemance, amd corduasion malsios s genemabad i
analyze cassification consistency, All machine learring anadyvses were performed using
Bellailah RS0 o acacdennic use (Mahworks Ine, Natick, "A, USa) anid mocban lnsming
tods, ensunng a reprodecibde and syslemabs approach to anadvsis

The clssificabon task swas amesd to predict bowr participants percesved the ispact
oof i smaeiing batharcios om Famify elalioesbaps: Thie largel varable was cleriaad from
asurvey ibemn with four ordinal response cabtegories, 000 033, ish, and 100, reflecting
increasing bevels of pesceivind negasve impact oo tamily dynamacs. These valsiis serval as
discrete cass Libels for sapervised kearnieg, Out of the total samplie of 100 partidpants, the
dastribulzon of classes was imbalanced,, with the majority of reponees coromimted m the
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(35 amd 1180 categories: Bo addnse this inhallapee-ard creine fair maockd ramieg, mmiom
oversampling of the mincaity dases was applied during preprocessing, The inadels were
rru_'nrd oma et of 8 o 12 teatures; ssfected From ol thoee sechiors of the quesisonnaane
(1) peiginal Sernographie and bebueioral Bemes, (2] FRAC sobicales (Supgport, Conllct,
Togethemesal, and (31 PSECD-derived ilems relited tosmoking habits ard dependence
Thae seeborbod feadamness iI|.E__|,I..|d.|..'|‘.‘| variabiles sueh as age, gendes, bype, ekl Fn:-ﬂuenr.-l,. af
smnking, presence-df smokers An the Gmibly, oomilict leyvels, perceved Tamily aoceptance,
nnd Hirw b firsb et O the relativebe amall sempl sige (3 = 100 compaced
tvEhe niimber of nput features, care was taken S0 mitigate potertial oyerfithing and
dirmemesmialisy Hl-l-m This was achieyed g leabun sehection, i mrge lration,
and crome-validation techniques during taining ad evaluation

3_:. Raosults
1. Sadistical Amahis

Undirstneeding the demogsa phic and bebavional chamacien sthios of sumvey resposdents
ik crucial ok mberprreling patie res in theie sesponsis. This seclxin explons ey varilies
throwgh stabshical desbributions, amming o oontestualize the broader study, These van-
ablizs irlisslie gunalier, agé, living envipeoen educatimal abainmm), and digunetie s
preferenoes  Tahle 1) )

The dabtassdt analyted bn this chapter was derived From g sbaictiemed sarvey. By
wolarnre were selecbad for relevancs, .i.rl:hnh'q;.gu'gd:l;, age: livin g enwironimens, educatioral
Tl nnvd- By o cigapet s naid, Coomdir e chssifiod oo male, Benake, or athur el age
was pepaed in years: Living envisoemenis wors grauped o citles aver S30UKE esdenls,
ilfes 1 50 HIO-500,000 pesaddente, otiees H K013 meshente, dties ap S0 300 ressdinils,
sl rural-aneas. Educai'hnnal'lyvd: worn calegorlaed as unll.!un-il.ky. ceindary, wrcabirmal,
lwier secondary or pramary. Clgatetbe usewas divided imlo three categones: elecimnic,
trnditional, ar bath,

Tabile | Fasticipant. devagraphics and ansking profonaes (b= 100)

Warialle Caleprics Frigqeency {%ab
Giendey Allade Female fOther da By 2
g Adcan (5100 254 (400 Range: 1859 =

Livieg Envsroeme Rl oSSR SO-T5) ko 150- 50 o/ =S k B ER L T
Eduaatiml Altainmani Priensiry)! Liswur Secondary  Wocational SeeordanUnloensigy 2ARAIEIAE S
Severhing Petuvior Elereromid ¢ Traelitioes] S Hath S

Aftercallacting 104 completad sarveys, the finliowing resulls wire cbtained. The
o listinatm, of pesprecdenbs was primnaly vorcensadind in e farly Swimtivs. with
tive Moty being unider 30 years of age foraning 2 ukdmodal pattern. Regaedieg the
lisimg emcirmint, & sipmifcmt prspestion of pasicipants nepirbad mesidmg in bings
wabary areis, folliwed by e Uving e medicmesized ciises. Bdacatioral attalmimeent
skewred tenvard higher levels, sith ot respondents reporking secorslary or universily
ecliscation, while yocational and prinary educathon were liss rpesenied. As dor sroking
preferenoes, slectnine dgarettes smerged s the mosl commonly used produc, followed
iy s vl v ool ictiviclisabs whivused both dectnomic ard iradilionad cigaredies
Exclusive use of traditional cigapsties was the keass comnmon among e

Th F-a.lml!r hhkhnﬁhrp Asevesmrd Soale TFRAC) (Table 21 providus H|11||1:l|r -
zighta dnto Bamalial dymamics by evaluatng fanvibysopport, iy conflick, and famiky
togethermen. Fach FRAC subscale |Family Sapport, Famify Conflice, Family Togethemess|
i i am i Ao Likerd soade, swhire T ipdites fhe west avsl 5t hijghest vl ot gw
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mitissumed dimensice, |sthés shudy. all soodes:ang ported as group nuans within the-valid
range vd 1-5. This analysis mvestigates thise dirersons smeng individuals waih diferant

amskaniz behavioms eleckonic cagaretie (e<iganetie} vaers; tmaditions | cggarcthe smokers,
and bl types of cygamne it sk

Tabie 2 Coanparison of family relagonship indicatars (FRACT and nikotine dependence |FSECT)
ATTRA RMORINE TR

E-Cigaretie Traditional  Dwual

Catiggary Halicator BTy vk S
g =]

) Family Sugrport {mean)  lr] &R L6

FEALC Family Conflict {mwan] L&] 00 159

Famaly Togefhernes {men) B ) 312 TR3

M Dependence %) LT 47 00

Loww Deperedence £5) 105 2335 167

PSECDT Moderate Dependence (7] M 105 2333

High Deperdence: () 45737 4286 1AL

TSRO Seane (meam) 131 L5 1350

E-chgamette vty Tepartid the flyrhust Jewek ol Comsy suppont, with an Jvensge soom
of 4.22. This suggests that they perceive shiong suppost within their famil y ersinmment
Ceerversely, badibional cigs ot smokees sepeed the Jowest level of pappon, averaging
A ), indicating wveaker familual bonids or 2 sense of reduced support. Dzl isers. who
comrtal bolh e-cijgaivths: ared b itivoal Gigantbas, el beficsrn with 4 support soneal
SEY, reflecting moderbe family suppest bt potertin By inflieenced by the complexity of
thwar ranoiingg Behavine

I ferms of family condlicis; the interpreiabon of scones s lnverted—lower scotes
indicete fevver conficts. E-cigarctie users bacl the lowest candlicl scone, averagang 181,
ik nefkacts anbmial Beesdons awithin thaele famibe dynaenics. Pual ansers oo mportied
ni.-h-l."n'rJ:.' Loy comfisct boveds: with o score of 189, whille tradftional cigamethe smokooms il
i highisat level af doalliel srang e groaps, wovyg 20E Theee msulle sugpest thal
Farrli= are mnme acoepting of e-ciganete me, potentiallye due t s percsved reduced risks
eorrpaid fo fraditional smokivg, Moanwhise the Bigher condlic soores among frsltional
cigarette amokers may stem from tee stromper stepmacand bealth concerns associated with
crvuyloeal sivkicgg

The dimensson of family fogefhomess reveaded additoral dilbere e, E-qgan:ll;
uairs reporhed Fhi Baghat tols af hegethsirmes,; avmajang 326 which undemssoris a
grestey engagement with famdly activitkes: Tradmional cigarette saokers scored slighiby
lvwewt ml 312, while dwinl e np-u'rl:.'d'l'lullmul amoii | of shaped teme, with AN myerige
wooge of 255

T results indicabe that social actions nesd - improveseenl throughed ucational e
wambiens, swhads leckde bow nmiles arderstand e-ciganetive dittereniy fram tradilsonal
dgareties, The perceived lowrer msk of poigarehtes explains why families show mone ac
cepdmir bodmd e use mxaeducational canepaipres shookd deliver aocurate smiic
infommation. aboat botheproducts” achasd dargers. The programs sheukd create oppor
Fargtiss fr Families e discuss pidotios: use w1kt corfrontagion & mmimies conflic
and reduice stigma. When faoiBes focus oo motual bieath protection geals; ey might
fromsranm avsrateny diakas e pomeve exchanges thal el tr btter teastion and
prevenlion practioes

The Fenn Sk Elechrunic Cigarette Dependance Indes (PSECTH) Tabke J) 2 a validated
fwsd Illil'l.lﬁl?dd: ta RS the ﬂu-p_;lmufdn'pmﬂem Ao s af dlect ok ciganct e, wikich
ranges & O 80 20 and was psed % evaluabe ricotine deperdence among e-cigart users
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s nnlrﬁnrlud s fodicawe: wo (1), Lose £1-40, n'-ui-ﬂ'nh: 18-Ehand I'dﬂ.h
i =% dependence. Is adaptabion for e curmend study allioys for comparalive analysis of
depersence levels aooss Shaee groups: e-cigarette smokers; tradilEnnl dganetie smokers,
and bath fypes of cygam s smaokes. )

PSECTH resalts aré presenbed both s percembages of respondents falling inbo each
depimaleres cabgaey and as i mssin s b sach grosp, setlecting the averiage kel af
nicotine d:_p-rm:im-:-r. This dual presenialxm ensbles hath ual.eg-:u:'r:ﬂl comparison and
identification of Tromds incsevirily within e smoking g

The bevrels of dependence, categenzed as ne dependence, ke deperdence, mederate
depmmalyrad-and Righ depemdenoe, vt sigrifemmely be v thee wrotge. Ao -
dgaretie gsers, 4737 fell inko thes higghedeponderce calegory, wlule 31550 exbvbited
mindurabe dpandinee, anf 21.05% reported kv dependence. Rotably, i nesgronderds
inthis groip reported an etsence of dependence. For radificened cigarethe amokess, e
distFhution wos were diverse, While 42 86% demonstrled high deperdomes, 13.33%
wexmhanibad Iuwd.:fptndrru'. and 198, I‘:HI |k thee mpderate d.rpmd.enntuhaﬂnry. Ammall
proportion of s group {4.76%) reporied no dependence, reflectng some variahility in
s basn Bvels wikhin s colost. rdinsdicls who ke bodloe-cigarelios asd Iradsiosal
cgareties shiwred the faghest prevabence of dependence, with S0 classified a5 hazhiy
i e il 33235 naod praby deperadint. Like e-clgamise asrs, po mspoodients i this
group reporied an absemeoe of dependerce, while 16T desmorstrabed ooy depenidence
Thar v etogge PRECTH sauimss furtibser s lrate e diffierenoes in cegrendeni lvels amang
thre grovps Bual users had thie highest mean score of 1350, dicating e nwost severs
i pendmoron nigatine prosdicts E-djprerh naers Rl cigsely with am avesipge sonme
af 1301, suggmesstion & stgnbficant level of wddiction within gils group. Traditional cigadetie
armke s eakii bited the looest mean PSECDT =oome a 12005, althosigh this:sgill efloct=a
conmiderable degroe of deperslence.

sl s showye d sagnificant differences in family sopport (p = 021 and fmily geth-
e gt = (LD i etk g gt Pt b comnipisssins ind i iod: Bt o-ciganrite
usere reporbed seznificantly higher famdhy support than trad itomal smiokers, and signib:
cantly greawt fammily sogedhe i fhian dlieal s Na Fiﬁ'.l'l.lli'mfl‘i.l.lﬁ?rlh"lﬁ Wi il
betweendual users and traditonal sookers in dther dimension.

FPRELDN s weem haghe e prmsimye dhual vsers Gy = 13500, BlBnpoid ieseby by
exlgaretie asers{1511), Trad@ioval swokers bad the Inwest average dependane (120510 A
-y AN bl confinmed a sladisbically significant dfetenas in deperslenee soomes
betwean e-cigardbe uscrs and tradBional cgaretie amokens [p = D057 Mo significant
differenees were vbeerred betwron dual users and e other bvo grotips,

Thiks sigidy ceimbid b iatlieics o socio-denaggraghic, famifial, aind bobasined fae-
bows 1. seaking behaviors and cessasion attempts, yelkding crifcal masgits inin nndertying
B el i alione | Takde 33,

Fige was found hehave 2 datisbically dgmficant relabinnshapwith the fupe of smoking
prrandct useed [F = 8787, p = LS Astditionally; age corndated prsitively will th ageal
smwoddn inttiation g = 023540, p = 002 ), Indicating: that older pasticpenits tended tostact
arpiking Kiber oy 1, Gomialir s abeo ignificantly sacciabed with sh tepe of smaking
preduck (17 = 1EES, p = (L0371 Inconioast, educataon level (F = G, g = 150011, place
of messlence i = TUE p = 0534041 and 2 fandly history of smoking (7 = 2 p = 036785
shanwed no sdgnificant weooa tions with tha type ul'-nm.n:l'.lnﬁ prud.l.ﬂ s,

Tehavioral potterrs demensirated crisionl fimdings. Mochumal smokng behavior was
signibicanaly correlasid with higher smoking droqueney [y = 142456, = DITAITT) A
stomg positive Spearman correlation was nbserved befween e-dpareife use and privr
oprimliomid smeking foo=0ATHZ], p o= IKET o W2 e phasizing o behavicol linkag
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etiveen these habile The tieno io e firstoigaretie after wakimwa:wﬁaﬂiﬂr vorreti b
wrilky willimgness 1o it smoking (o = -0 300, 2= 000, mdscating that individuals wheo
smoked eadior in the day wene bess ey o exbibit cessation mbmb However, smoking
frecpiency {kscld showed nosigraflcant corncatian with the willngross to guit (p = —(L0P00E
= 04847

Familial dyraatcs wem focemd b by sqgnaficani rirde iy u'rg‘l.l.lh:ﬂ_h{"hil."l}hl.. Fasmn-

ily Aeension comre labed pm'-lﬂl.lﬂy wath the numer of oganettes smaoked (p =122 w05,
vl mingivg froen M 60 h001), Howwevwr, the impat of smiing on mlatiooshigs
(= —015M3, p = 11352, family.condlicks {37 = 515, 'p = Q20 family support {co-
effcionts: 1LAT, —(L18, p= D583, - p = DKN, avel faidly acospanee G o= —IRIBS 4
— 107, povalues rangag o 0334 w0 LH7 1l et show statistically significant rdaton-
abips with smiaking bebavios, Bn Table %, wi prosent the infenos factons on emiking
hehavion analysis

Tabls 3 Arabesis n”l.:lni':-:l.nﬂmln.g.mkh'q behmvioes and Bamdby dymamics

Wariables Tesk Results ealue Laterprretalinit
Farcpant age aoed Bpseof 1 : _& l Sagm ficant e noes in awnking
smn kpg prockc ANCVA T=8N pefan pralnssarmang age goups -
m"“’ "'"dl e Chi-Sguine 3 =i Lt M shgrihean] assiclation
Couerdber il vt o mnkang R Sgnifanl d @b Teluom,
e Ui Beeno i = lows 0 Fericders i rmoking prodycs umed
!‘a':l'ln:i;urltati:rmd e afsmaking,  Gpearman i paropanis staried smoking
initiatie Correlathoan Pl i il Lver aiges-
Flawe o s iances ] Avpees ol e - e ST
i P Chi-Sare ¥ =pim sy Mo sigreScant assrcistion
Family history of seso king and tvpe )
ol-amerking produc Chi-fpaane y-=2m Lk O T skgrastcant asanciabion
Frreiest mEpac e amcs g on Spcakitidh Weak tine Corelaion. ol
velasrmslrips and e of ! : =015 013
cigarites a:!::hd:. Uiweelation ¢ ; tabzgially s e
Emnoking requency and willingniss  Speanman - Wery' wernik nealive ool st not
bovepul] Commelation ey e shgnidicant
Tien e first ciganto aftvr waking  Speantan T [T helindumate sty curadiion,
srsd wllinas i s il Cermdation ¢ 5Ly chnifizam
réfict moner anit & )

ot e g RT— PORETT s Mo siggrasscant assnciahion
Feenily sitppod roore and Logistic Coeflicients: = LR, Trenad toward sighilicines, bul not
el ki 1o sl g nmsan 13T, 018 e L] wigralicani
Famuly sersion sone and numbsr ol Spearinen = [ P i 5
Fammaly accoplanon soum ard Spedrman o= =L

A et ol remit] i -4 Wi shgrasecant soavela bon.
QUi_aI.n:uq:-h-u'd Ll,q.g.h.l.ll.ll:*.l. l:h.n-&}un; f-ﬁﬁ | b d Tib:i_'_ﬂp’iulwﬂjhl.
P turnal serarking bobavior and -
smikinez ey ﬁbﬁq:qn o= 1438 o Fagnificani assacation
Current -ciganethe wee omd prior i Z 5 H st Ly s g Feca 0 associagion
H-_ﬂilln'ﬂlgﬁ?mwué i xi=dm R — et variahles

T il in Tablo b demumaime the diverae indlisnoes of socio-demoprapbac, b

hawioral, anid Familial fEctore oo smokin g behavicors. For evaeple, e analy=sof varkamoe
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(AR Tevgaliad sgnifcant difforenices o amoking peodact prefiene ot acnes difieeont
sz proups (F = B7ET, p = 00M0S), auppesting that age influenaes. ihe bpe of smoking
producis irslnvidaals wse. Thismay melect generatioal frenads, with vounger participants
prssibly favoring g-cgarneties duc to coltural perceptions o accessbility, Conersely,
alder indivaduals may be more mclined boouse fraditional tobacor product=, In contrast,
scfuabhion kel wirs ool slpaificantly ascociabed wigh the bype of sinoking pradas oeed
if el p = AL, indicating fhatsmoking habdls i this sample appear b anscend
adicational boumdariics.

A chi-square test revealed a statistically signidicant associabon betweer clurment e
cigaredie usie g price usie of tradilzmal ¢ ggareibes (pt = B, = DO0AR); sugsgsting that
maiy. individuals trarsitiored from covventionall smokeng to checironsd recoline delvery
systers. Ths relation=hip, captumed by the varabde ® prior use of tracdabsimal ciganmses”,
highlights o behaviorsd conbindism between the b forms-of smoking. Addisonaile a
mesderale negative sorvelaticn was Srand brbween thie lme 5o She first ciganet e alber waking
and wlllingress o quit smoking (= — 03050, o= 1002, implying that individuak who
amake shordy afber waking may be maore addicted and less [dkely toconsider cessation;

Imlc s tizigly laily dccepl ebwcried et bl i e G prola i in s snvakiog .
iuency i = —O0RE o —0076, = 105 suggestng that perceived family appronal o
disapproval may niet dinely dnfivemee oo often participanis sneie These findings
remnfance the imporiance of designimg inlerventiors: that reflect the specific behavioml
Fﬂh‘ﬂ"ﬁ Al preychisainl preichars ideeditivd hrangh analyes,

11, J-Whhh‘lﬁw_ﬂlﬂ'_ﬁlli

This shady wiilized mackine Learming method clogies to oxplore the assodations be:
ety kit hehayiars aned Fatrvitial dhyraimings, liveriiing o dakisel with nimendally
evwnded reeponses. Koy vasables isdoded smoking frequenoy, family seaoking hissory
conflicts arsing from smoking, perceived relational impacts, and fevids af familial ac
ceptanes The sompara v pesfonnmar al defbomnt modes proyidel doiphls sl e
predictive value of these variables and the efficcy of advarced analytical approaches.

T s el sarpazability amd whimtify stractur in the feataoe spude; o Princgal
Comrponent Analysis was conducted. In the inifial progection vsang all avaklable van-
abless (demograple, FRAC, arxl PEECD, elass overlag: was sabstantial, suggestmg gh
coanphexity and Hmited separabdlity. To lnprove dnterpretabidity, o scoomd PUA wis per
fisternincd sisfrye Ehir sy el diacseninaHoe foalardd, 4okoti] via AMOWA Faesl, Al donen i
Figrare 2, thits reduced -dimensional progection sevealed impooved clustening of particpants
Ty oy thivir perceived mnpact of amaking om Family colationsbaps, Same degroe of class
AP L, u-l.pml.:ll;.- foo wntremne valuis, supporis e dabslence ol mealngiul ptirns
and jusiifies the ose of supervised loarning meibods

[ the data propeocesaig phasi for mackine Jeaeming (ML) spplicalices, 8 s moctal L
sl and irspect the dat o emesure de inkegrity and sustability for madelivg. The wril-
ben ol amplermeniad beoao semgln vissalizatiore 1 assess e guality and inlerpretabstity
of the-dataspt hefore nsing it m ML algomtfmsa. nitially categonioal respomses regarding
e perrcwivend inmpat of snkimg o inlerpersmal nelabmslspe wiens omeerad o rme i
values using Sondainers.bap” in MATEAY, where predefined 1es? response wers mapped
b corresponding numeric vabies. The question that elioied theese responies was “What
st prr gl oo IE‘H‘|r|:|'|.'I-rl.':l.'d ik iq'rl:llmlﬂ, i Faimily “Iﬂt':ﬂl,*‘l’l‘lﬁ‘l“ Hﬁ-mﬂﬁwﬂ
the Temponses as ollows; "L beleve it chearly hamms our relationsbdps” was mapped o
L, ivvilsea Hing, a sdrem; negabive immpact; “ 1 shimk i has a possive ehect” was mapped o),
indicating a posisve eftect: YTt husa certain regative impact, but nol lange™ was mapped to
066, pepresenting a mild negalve impact and “1 don'trobioe any smpact” wis mapped
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o333, Lrid'kaﬂng,imh'rlﬂml 08 T Enpasct. :ﬁ:nﬂn'ph'l-ipfu'n 31 was then gendratod
toexamine the relatanship between the xze ab mespective Ppetaon stnrted smoking and
his /e prrceiveed impact on oelabonships. This visualsation smplifed the identification
o tretwds o1 pnhln'ﬂ.ﬂ corsdationes betwoin variabhs of increst The second visuallziion
=y histozram -I'th:rr £) b dllustrate the distrbution «of smoking EI'E'l:r.IH'I.l.'_l,l'ITMTI.E
pactipants. This alkased fora d.n-H.fIn_:d. examination of the .|hn.p|:| ol e d-h:Hbuha.rs,
centml bersdency, and sprend. which coald infarm decisions sbout scaling or tansoomng
e Furmctive. Takery fopber, thae s raplis serve as an ciploratary ool fir deteoling B
such g cfliers, dita skewness or inconsistencies, B ensuniig that the datn are progpedy
rrvpared Dusfirre erhirings il it Jearning medels, -

B Lsirg Toyy Distriminabive Fealirps

= i e | e b w
ey eyl o
D S T

1 i ke mEE
kil rmgmiin wwid

Proscizs! Componiark 1
fagure 3 1A prowsciion weang The Inp s mesd disrminative fratures The piot shmes class
Fhslenng basad oo participsinte respomses wr:'l‘mﬁ'ﬂ\lputn’rml imnpast clataliog; on famike
relationships AlHuugEhocless separation ks notaomplete. the projection. hishtisht doneative
atnachire - e data

evpacd o Wivakivng Wiaii s an Mslaworviivipen
g e 1] | X o o

_mlc.-l-m-.[ [R5 5] L&}

Hormesl i - O3S SBO0 8

Precaved! imped o Thdrics dipa

Pnissled 0 | O

_r — o)
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Figuire 3. Seif noparied eifects of amokirg by age o =moking imse
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figure & ﬂmﬁdwﬁqhﬂmmwﬂmh

Hyprparameteradgastoin wascrital inimproving e perivmancs of the michise:
]nﬂting mdﬂi-ﬁeplug,!bd_ﬂmmbhmudd Imﬂmm:ﬂmm&m
i ghirFoareet dmind e masimam dipih of ssch e, wiers carefilly irmprovid i el
iuan'Jlrned].n:l ’I'.'rul-appma:h enl.p.l].qd. anslyxing varkues parnmster combinations using
MﬁMﬂWMMMﬂMMWMWHﬂM
madel pu'rlll:nbll'lt}l. ':i;mh-r]:,-:. ﬂw_k P rodsd wak fumaed hfch.mgﬁ'lﬂ e namber
of mlsh'hms -[l:li-md' LHirg- :Imw.u]ﬂuliunm A 'Ii'rl:u]:'l:lulnn.l:u ﬂfﬂ'ﬁlﬁl‘ll‘tg’ u.lﬂ
aveshlgng The hut-pa:tﬁ:imm s obliird w-h:rﬁlhu.nd]-l.wd ¥ w]'u.ln}mda:p.'lu}p
capfured the er-::f:,rl'g{hh pulhnumlﬂm:fm Ao comiplicabed. En Bis comtest,
sirveral by Beabuns mwedhl:]wm-.ﬂﬁk
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- Nllmﬂiﬂﬁdk@ﬂﬂﬂ—ﬂmm I'z.l'd.lyn:qnﬂim
o MumeridenenceRagurras—pestions sl Fanily acoep ke of smarkingg
. Hlmm&?ﬂhﬁmﬁq—qmﬂmu&mﬁhmmmhﬁmlymht
& ClymmdSmokin g ey —repres onis R indivdyal's e smwrking Irsquerey:

I g sturdy, a duiion troe modil wis diveloped i clisssify data bymsind on i
prlmqr"fzah.un. Hamericferpnct Raspanss and WaworcCoalictlasponze. Altbaugh the
i (Bt v B bl s s v Bt irens, i1 it it BY e linctind {hsse B s 2l nnst
ﬂm'ﬁ:pnﬂc&gnm Thee sbructure of Bve decsion fres & Rieranchical {Flgure 51
with the oot Aade splitfng e datiset o on the waleie of Nipmrricdpct s pomers,
applying a threshald of 0495, Instances with P-tnnwumyquuuﬂyu{uﬂ el thils
hlﬁwﬁmimdhﬂwlu&ﬂﬂmm H:uvihuhm-tmmtb:wmﬂug
(445 anv clisected fo thie ight chikd node. This primary division meftecs e percivisd
I::'pmi:ufm;unlm;;.un r*hujﬂmpmmﬂh"l’mwnﬂmmlmmmtﬂmum
e Fonsvdation for Sulseeduent leighicalione
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Fagrre 5. Dvrtsiom Bree inr predictinge otteomes basec o s emericirmpont Weees s gnd MunsnrUimibe
IR o

At the serond level of the sree, the-dhild roces nesalting froe the inttalsplit e fudhe
divided based on the valoe of NomimoDoa@tRespeases, with o hiseshold of UG5, The
rum'ln_il nodis i:nm.:qxnd. fr i unque covmbination of vabues for Biaer ol TR porsss
o Mmoot Respnaes:

#  When NuwericlivpoctRarpatisss (s |ess than 0495, the needdel predics an motooee of 033
®  Whae Miawriciapancl Reponss i3 gieaber U or sguial 000 355 aal Mamr o Coanflict K-

sy b eguial to ocabove (0625 the predicted oufcome 5 1.

U M R e i pnsaber B o éguial s 1LA95 mul NamrriCorilict R
spiies bs belonw G625, she pred icted oubconme B LR

Beeyond fhe strucharal ipsights, the imporbanee of te seleched Teaiumes wes analyzed 1o
ipakrs o Seear e letive onntrlnlion b the redel’s Fut-Fﬁﬂu.-r-m, Tl pesanlis desonsdng ke
thatfar the decsion tree (Frgure o) Kewenclwpnc Responses & far mone indlsential, with
s bt oo of (VIE7E, companed b NesorieCongfliod Respanes, which has o soors
of DU3EIE. Thes finding suggests that the perceived impacl cf smekang on relationships
(it e Resposs| T dhee aliirtinas derver of docsdin-making withm fhe e,
while conflecl-pelated comsloheratiirs (MumercCoallicl Keporses) play a secondary rele,

Fawnien bnportancy - Dariise Tess

LY ]

(o]

7774

Figure &. The fioriun: imper e analysia by deciskon e

[T

[ u'a:lum'-jrrpl:lta.nm-.mﬁﬁ.l':ls i P.1rli|:u].'|r]:.r wgmnificant bocames {Egndersoomes the
muel’s capacity fo discern and pricsifiee Hye most predictive features from o broader st of
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wariaes:. The substantial diffesinco b importance stofes. (Fdicates tha t Snderictapuoc fe
vt |8 certral 2o indersianding the relationsbops in the daota, alignirg with it rale as the
rirl resele's- spplifings aibemion,

Ther etsembie: method aganaganis foature impottance (Figuine & acfoss maltiple base
learraers e, dedision tnees] fo provide a nabuss ineasure of feabare contnbuBan. [ #his oo,
Ve el disdhucrsbiad featune i A uwosse) mipac 8 espon e, wiells o eoone of 021854, dar excoeding
tive coribsitions of ather featunes.: Other features, such as Gender (RS Clemnadsmk
g Frigpueniy (VOGEDY, aned Wl i gons sdart sosting (L0031, conmtrilube margieally, whilk:
soveral feahures exhabit no measarable importance

g aparss distrilatior ol impaocanon: soams B e echisia of asamb e metlisis
welien dealivg with dabagets whede only o subsel of featares holds predictive powee. The
demnmimes of Mimerichopdctflspanery smdersainss Bxaentraling to the prddiceive mecha.
mizm f the ersemble model, Hkely reflscting o sty and consstent sels honshep with the

faryet variabhe.

|
Bd|
Eain|
71} 4
o |
|
" ] } i SR [T TN i |
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Figure 7. The featune mmpor v analysis by ensmmble et

T faridime ipom e far e SUR mechid (Fgme £ was dishermined isirg e pir
mutation method, which asscsses the inpact of rasdomby shufffing a featane on mode]
periermamoy. Here, SWemiclngac Respoeses voerges as e dominand kabare, with anm-
pnrtnure-r.cu:rcnflj.lrlﬁ?. Jollomed h:, h':unmcﬁm\'_l.&untqu'ﬂ.ﬂllﬂh.w (CLIAT), and Ve
it o wart sambiag I0UHET ), The remaining feafures bave negligible ar e imporiance,

ke resinll sgpests Uhal e S0 odil, kol selics comaxianlziag 1he margii be-
teen dasses. identifies Muwericlepad Hegronees as ontical fo defining the decsion bound-
wry. Thie relalive e of MurnericBanifod roking. Agy, aomd Wl dil yoalie smdkisg
highlyzhis secondarny relaticnahaps that contribate tothe model’s perfommanee, atheitata
sl s

Feataps ingortance for the k- MM model (Figuse 9, alse derved gsmg the pesmita
b rre i, vl Misrricingic Resginss as st sgnificant amkribuies, widh an
Importance soare of (12453, Thes lar exceads the conaribation of NusemioConfici e
0008 ained i foadures, which have zuro messurable importance,

e dueninance of Noserelwpoct Rasponses indicatos that it plays a critazal role in
determinirg prosimisy-based cla=ssfications within the k-MM fromewaork. Unlike tree-
B ockeds, Ic-i:'-]hl dedien ean dieaisine :ai.rn.ll.-'ll.}'. el e bagh Enpaorkanics scoee ol M
e i i Rirgomers suggaests that if provides the most discrimirative pawer in defining
niighiroocd reationships,
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Figune % The fratune mmpor anoe amalbysis by k-0

Tirwe higgh immpartance of Ma s Resposes acioss all enodels highlints 15 plvistal
role in defermining owsoomes. This featire, wihich quanfics parficipants’ peroeptions of
atrcibimi's spuect oo relionabaps, Bkily rellecks el porsisnad and Lanlial exporados
[e= demamance in fesure importance suggests that individaals ane acwiely awane of hose
srivirkive Il viors affectinterpereonal dyrdenics, aaking thie vackslly @ st predicon
af relational pattenms.

Thir covmatary rl'!_l? o featres saichas Ao Coonlif Rispueeesss aml. Namirie Acop-
Taidekspaises across modtds suggesty that whide ese factors contribute 1o relational
ahymummici, Thiry ane ned s copsibemdly oF Shronggly prinbictive. Thetis lower Emportno: indi-
cites Hhat conflict or aoceptance dyramics may only manifest in spedtic famiba] confexs,
naking Hem leas univervally spplicalle prodichors, )

Az fhee el fosbed [Tabibe 4 ), Shee cnemblie- riatel aclieyand tha higheot e
vadidabion accumoy of $3.55% and a nvinimal loss of 1439, effectively clisifving comples
felnlsnabaps wighin the datasct, The decizin tree cassier demimstrated wederate perlor
anpd wilth an doouracy o M and 3 loss o 1857, l.'.|.|.i-!'|ﬂ fpn.@l.uj.' d.n:i_rl-m parieis
bt straggling with intmcate pattervs. Similasky, the k-nearest neighbor (kNN moded
acleesvd i AceLanacy ol i and @ b of 142905, devoeskating bdph sensitivety bo bocal-
ixed daty structines. The support veclor machine (5% &) model underpedarmmed, walkya
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arvss-validation adcuracy of 5% ard a oee of 34.29%, meflecting challenges in hardEng,
riordinear and high-dimensioral data,

Table & Performarce evaluation of themedsla:

Pl Sy (el Frecisiom Hacall 1 S
Dueciseon Thoe® Ha 18] 0 U]
Evcasidde: Maciliod * “4am 1R el 131
i i L L IL75 57
kT G IE.2) (18 b 1188

T n'_ T s T =] T = farall T

T impeca comparabalily botwoen miodels, fabuse inportidnee nesills Wi sunma.
rized arrvssall four approaches—dedson tres, SYM, ensembile, and k=M ~—msing bedh
bualt-in importarce metrics and permwtafion-based methods. As shown in Flganes 53,
i bt — Ml Regpormste— doniaehinty dontinabod all models s prodiclig
strerg i foowed by MimnenCanfict Reaguesec and, ;m some maodels, FandueSeakiey and
g, To st bhess Bndivgs, Tabde F prescrits a side-bry-sicks mnking; of the tip foabins
by normalized impartanice soofe somss pebdels. Albhough the absofube vatues differ sighth
depncn o i mithed, the pelabive derfl e of (1 v ariabbs svmairs Lispely foistiond

Tuble 5 Connpasative brabore iinpoetance s iuchie baoning model fnosalized sone)

Fealurt nqi_thﬁTgtt Eisemlile s | 21,9
Carnlksn (LLEACE) (I ] [INLLLH [LEHE
Agw [V {00 LT (LI
Lo yeems smke LTS I Le L ELe ] LT, L
Cleamed vk ng ooy L) 100z i) [
When, did yions stowt smnlarg, IRLLETS R 1 e HELETT]
FumenicFamilysmoking LR 1 (KA ILEks [LINHE
NUMHHEMW =] (1R ALY H HELIL ]
Blumericlmpoct Basponees ML1HS LR E [I§F v 1k k]
Pumor ks Aoooptanos s onses (LN} N INLEEH [{Huj

The comparptind feahare importanes bkl highlights both consergeree ansl vatiabiliky
acries eedide Al four algemtihms coreleton By kentifed: Bamwen deepact Res posass g the
muoat predictve - featume, capburing parbscipemis’ perovived impact of smokivg on family
relaticenbape. Adibitsona] varistes seeh e S imsordaCamief Respriviers arad FonilySmolasy
showed moderate influence In speciic models (rotably 5YR and AL whik demp-
graphic ot such as age il geeser had miminal st These pesuli seggose thal
parchasooml and nelabomal vaniabies play 2 mere central wele in model predictions than ba-
sk dmmgraple chascersses, mEnforcng s impersroe of fiody sbynamics in smoking
et vior analysis )

T derbrires huit wone moest ifcerttidl i sipervissd models alao comtribatted mgnehi-
cargly bosepartion in the PCA projecbon. Noswslc lnpat Respenss and Dol desposs,
which ranked highestacmess multiphe algorithims; weme also key drivers of visibe duslering
I the rediasd was- demiensioral I'cill.q'm.'p:rrr.". Thes comsistency botvween superysed and un-
superyised analvses supports the robustmess and nterpretabilite of the selected predictors

Comlaesn malrices {Figum 100 highlgghbad the steongihs ancl seakacssss Of s
models. The ersemble maodel :::uhli-'lml'_'.' mimim Geed el assfication aonoes all msporse
cilugerics, while il dediaion troe sl NS modile ebibigd moden; meclassification
rahes, copturing peneral trenda hol stmageding wath ambiguons cazes. The SV A moded
alsrnirstrated migmife | classication s, tnibEmsorng i Emifalioms 0 caprimng
nuarwed distinctions among - complex responae vatlables. -
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Fgure 10 Condauion main ul AL bk an say dcisiom bwr nm rnl.‘l'ru. E1 Y
ceniisiaon mualeiy, enseinbibe foae] confusion malriand kN |:|.'|‘i'|.|:|||.|.lr| fnalrin Coke J.rl:ﬂ'li.ll':ll [
i orll nppsen s e relilive By of prodiciioes. Dacker chackess of Bfe - nidica k- Pigher
imembeer 1if ety classifmsd nalances, brpecally seen akorge e shiagomal. Comaiseh Highi B o
wilibe indicalis Tewat commath jiiedictors, whike Gight nad s Tugh b b edecl s i Rcakaiiis, (s Eioniad
ol e liagoral.

4. Drisenession

Srmaking 5i,5t|]lél:‘:rr||:|_lr nineses the rak of diveliping rspimtory disesses ondin-
vamcdlar problkans; and varols fnimns of cancer, severely impackng overall healty and
homggeweity [ 321,

Thie Fisdings of Shis shidy il valmable insdghis inko the pecio-demsgrphis
familial, and behaviorz!] fxctors influcndng siokivg behavioes and. cessation alkempls
The back of sgralicarit assexciation bebecen shrong umges fnsmike andsoessation albempls
F = 81832, = 0271494 chaliengs prioestudies, suchas Fidlerstal. (2000) [5], sehich
emphmised cooving insen=ity 1 a predictor of cessation efforts. This saggets that o mine
étusprhensn e anderatandieg of cessation peediclee & neoaseary,

Mol smakirg behavior was sigrd Aeantly- cormelated with hagher oeanette om-
samption (' = 142456, 3= 10141225, eemicrcing Gdangs by Foulds of al {2005 that sach
hehavinr reflects devper addichon patherns {24]. The strang corredation hehveen e-ciganitte
skt e fraddibinnal swking F = AFREL, = 50027 = 107 57 highlights thibshavicenl ayes-
lap and ornourrent use of these produces, i supported by Clast aed Barcham (2024; ]
Age alarplayest-a dntical roli, with: obder pactcipanss intiaking smoking-af R agrs

(= LB, p = 00241}, urderscodng age-nclated differsioes insmoklag migaton aad
pabirrs. Gender differences in II'I!Jh'I,F I::fp:'l:;a" 1063, n= ﬂ.':l.’ll:lil.l.rﬂm Errq:lhrmﬂ'r:
s o comasadice gender-gredidic interientions

Ihe negative correlation bebwsen the time B the e cigarete adter waking and
wilfingriss o igait |t = —LANSEE, p = DT zupgesks that vardiss aocking URHA e
may mgrdby mete erdrenichied addichion and lwer cozsafion intmtAdditionally, famikye
dynarmics signifcansly infnenond smoking Iehaviors, with famiBal smison positively
sorpelated with clgarette consumption {p = (1.2 bp 03),. This inding allgrs with Shamna =t
Al IR, wh higdslighied ehe imgact of Bumily condlichin smaking [

Slachine: kaming swdeld provided addidional insights. The ensemble model s supenor
purforinanee, with a oress-validabion accuracy of T035%, drmemstrales (s mbusiness in
Id.un.l.f}ms uﬂmph:l_;mhumhiln-udﬂlnﬁe dataset. ]'I'H,n]lsh; with Dietterich {2000, who
emphasiied e effichvenees of msemble methodsin haridling infricerh: dastn sAroctures [55
Vs iy e £l iraa oot chenisnss ldvad snodesale predictine powier, wills s isoee-validatiog
accuracy of B335 and a ot of 1857 %, reflecting Be ability teidentify key deaison nodes
Tt with Bimigalsoms i Ddling inbicase paiterms, The k-neansst owighlsar (RN moded
acheeved 3 ernmvralidation accaracy of WIS and o loes of 1820, spgesting high
sensstivily W Incalipend daty st i, Sanilae stislive i behavionad prodicion have als
nded such trede-oifs ifbgng, 20285 || The 5Y M moded's lower pedfommance (B0
sovmirgey ) meflacis i dhallimpes: wilh mised-variable datsdts, consishmt with findmgs by
Cruldo e al. {2024} [57]
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The feaharee i poetancn analysls somes alf four models (ereemble; S0, docisidn: e,
md k-NM) mvealed a ronsastent pattem, hightighting the dominant robe of the vorable
MummiclupariBespaners, This beakure was the most influeptial in predicting, percmved
Imipact régard ks of the afgorithom ased, sugpessing & strong and skabée relationshig be.
taeen participant’ responses vegardimg personal impact and the classEfication cubormes
I erwrbrael, domngpeaphes variallis sweh as gender, e, ard cmoking sladus conlrilbuded
maimally across models, indicaging 1hat thiese fae lors: wens mol ey discimrmators in this
worbysk Thad cnsribli s k-b modeds comoerrated imgrortanos alimost dxchisively on
e MirmericipaetHegeances, while the 5'VAL and decision free models distributed miner
ingrrrtarge b heatiees saich oo i Py Smoking arsl Mo Comfied Rispumnses, poind-
Ing to putential secondary Influenoss Thee findings eomphiasize the value of suljecinee
il patarssmeerdt Freasisee o pree e mislulivg tver mome acditioned demoprapbac o
bishavioml variables and support Hee robastiess af Nl Fess a0 a8 4 pranvasy
insdicatar across vancsis algenthmic appnoades:

Mliachiee: Searming (ML adkds bave demonstmbed substantial uilicy in predicive
analy=ia hased on smioking bebavioral patterns, notably in the area of smoking pessa tion
Tl integeataos SF ML s cidels i poabdic Beails shiategies provides s sophislicabed appecach
Imumderstanctimg amd nlervemiog m smokmg behavioms efectnaely:

Pargicalind y i e il of sanobing osation, maliing g (dL) madids bave
sheawn: sigrificand vahse in predichng analyss based on smokmng behavioml pattems 4
sopfiisticabed melbel for comprdereding and 2isseshilky sl s sk Dehaviees
i pifiered by Hve Incor posaiom of machipe learmang akgarithens indo pablic health mitistives.

Rewvent ahsinrs bava sucvessfully vl mnaching Baming (ML} models o predict snok-
s’ oo then resul i and sentified Tmpomant facors that influence quitting, To predict
amaka cersstion ameng LS aticens, for example, a shady thal vsed data from the Pop-
wlation Adesenint of Tobacco and Haalth [PATH] weixd @ vaiety o Borury chissibens
Thils study demonstraled the ability of ML modeis o delect intricate asseciations witlin
limngitudin ] dala |.'r;r weleridiFyirgg Btk B amd mow hckoes in'q'-'ul.iln,i;llvc shil i
curnerit by farmer cygarette oonsa mipsion [ 5]

Furibermmiey, applications that dogtirs amd jutenis aight ussdine iy have been
incorporabed info e construction of prediction models dor guithing smoking.  These
ol priavidl e tailosed prodictnoms sk may dhrammioally roepord o oew. gk modifving
the e perted s s rabes for quiiing smokd ng B pesponses bo shifng inpud valbues [259).
This esibility iz essential in thermpeutc seitings because the unque gaalibies of each
patiend cary bave a big tmpact no howe weell they rn:F-.'n:l o It

Tri this aren, mackine leaming = heing veed to sqalve probioms ke das= imbalancs in
dalasils, wheie IJ'..::-'Fu'npu:Hm ol pm-ph-qu]l.l.nﬁ:mmklﬂg e e Joeer Sl ak of o
who o pat. To Emprove the predicted soouracy and dependability of ML madels, sophisti-
ool sy s os escralke awdbod s and rasdos o esmpding and urdirsnpling
have been naed |28 By balancmp the datasst, these techmiques make siee that e majority
clara vk Giviresd By the predlc v ndeds.

Additonay) researdhiens can bdentily the elements that are most predictye of gaitting
amikmg Hyanks in B vamable prertnoe. angd sidechom prodiss in machine lissmimg
maededs: [onder frguasantes that the models are trained on celevant, high-queality data,
thuis proceilaee epkails o great-doal of dagn proparabion and cleaning. The development of
foruspd seroling cessation prisgrams lmpl.n': thi: ||]:-mI.HI|:.'n.!Im af Impertmt prediciors,
such as necotine deperdency and the use of additional sobacen produds [238,59] n our
waoik, W P priedictive mndil Ehat can hmmw ssmply lrrp]uuﬂﬁdmhﬁ okl
stmnking cessalion programe based on patient nlerviews, which take o strours Faciors
stad il by el onmaive, as jn ot G,
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Ihe fimdinge of Heared ot al. (2007 ) [ ] defpistrated thal sabjectiee measiins of
nfertion cam be robusk predicttin of coassticn behavios Gallas e al. (X031 [41] siudied e
raby of sl teificay. n l-u.l:p:li.\:'u--mlﬁ-m_uumlml: s, I predicting lmr\l:i:rlgi:m-ui-nn
amniing s mokte atherediig @ cossatan prograe. The meéeudl condlnmed thatbdghor lovels of
setf-eificecy wene =igpificant prodiclors of saccessfol ceasation, fighSghting e importance
af et confidence s one’s abiliy b quil sver otber desnepraplibe faciors,

The peertiar med PUA shows that seli-reported perceplionscan be mesanivg fully disgine
svishied i pechuced-diwrsieral spoce, This supports thy intergretive vabue of subjiciie
amscszmienits in mesdeling famthy-relabed catcomes, even when working with a relafively
st mmple. The salisfactory resall of (e el notion Furier validietes ghe melevanse of ghe
seleutod katures and justifies their use in :-ul:-a-n]n&t-:l..uu'ﬁmbm amakvses These findings
by with prey kois meeoanch empheisscamr the digrificamo: o seli-pparbed percepticts in
urdirstamniding spaokirg behaviors srd tvely Enpacs on family dvnamécs. Prevlonz studies
have domonstrabed that adolesoets” peroeplions of smickmngrelated nsiks apd benefits
A duﬂ-l} .:.:-m-clahad. wilh Thelr seaking behawiors, wich anders e the I portance ol
aublective arsessments in predicting smoking indtefion and cessatkon [42]. Additionally
reteknch b demeeabeadid thal sel-soposed madsans of ideoding dépendunce arealivchive
predictors of smoking cessation ootoames, undersooning the valoe of subject ve assesaments
in pnedcling snoking beuwios [£9),

Chograll, the mesnlbs enphisze the nesd for tangeted inberrentions addnusing spedfic
Ichavfarad pasirns, sach s birral strking sl s ry-momimg :imhﬂiﬁ Al Ay well
= famillal dimamdcs. The study’s resulls provide nctionabde irsighits that can guide sodal
inderventiona Forinstangn, fhe poritive remrelatan bit e famdli brsion s dgareise
cordmpiion hghlights the need 1o i eegrate family courssling or siiest-reduoton shmbs
v b smoking cessation pregrams . Socialoampugns should mol ondy fanget incliviclual
et ol alse peomole Bealthy cotnaicabion amd chard actisitie willdn hoascbodds,
e=pecially those with dual users: Additionally, machine leaming models. developed in this
shudly womalid be duribser -l:d-.-lph'li o Eleikidy midivdduale i high sk of dv}ri“nl.'lrn.ﬁ arwl
tailor prvention smatogies accondinghe: The strong peedictivie performance of the ersemble
tvilieh gt e e Hal appElication m fitise beliaviotal sbodive Pt e reseanch s
needed fonefine machine bearnieg approaches for beald behavior prediction ared e cxplors
e e podes of stio-chimmaographic Ractines in smaoking essaation

SAL sl els are @ potent boal for shadyiing thee behayvieonad patiems Bnked o I-I'u:hl.ng
wnd Ferecnating the resills of quitting,  These mwedels can mvial complex patterms-aml
sorredations that convenbional Lnalyticad fichaiques wouald cverloak be udng hage, vasied
dotazets and advanced algorithme. The advancemental pahlic bealth mitiatives sngeted ot
Iiweering simoking rasss and erdhancieg the reails St by g b stip sanoking depends
on ghe cngnimg development and e of machine learmdng bechniques m this feld (0]

This geper is nok ioer of lensatima Althoagh e findiogs ane indemmatioe,
refatively small sanpe sizeof 100 particpants presents 2 natable Bmitation Sl sm:
ple staudiess <oyl el el ansigchis E-:-p.-h‘i-nflr in esploratary réssrch, nad thay Rinal
thve statistical pomeer and generalesabality of the results Incparticalar subgreap-specific
salyurs—siich a8 thiss Bided an gimdes or Hiving envirrmest—sahaukl be nberpredisl
with canthon Futire research should alm e recnalt 2 Larger and mere diverse cobt fo
ey groaber exhernal validibe amd robistness of the obseoved pattomms:

Thie |'e'|.:l||.'.:|e{:|-l small :J11Ph' stz thouggh suffiami for preleminery indghis, inposcs
limitations on the genembzahiltty of the findings. & small sample reduces the staki=tical
g of W arusveos and inoreases Jhae i ki hood of sanspling Bids, Wi e odberinsd
ressll= oy ot accusalely rephesen she broader popalstion. This comabraimt (= partioulardy
redrvind when wsing maching ket models, which tyalcadly perbiom betler with laggs
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datasels I capiure complhex ptierres arad ulhenh:lixu-eﬁm:ﬂw?l:,l. Farr srestamioss, #hw crsorshibe
learmirgg model, whach achieved o solid accaracy in this study; may demopstmbe neduced
robustness wien applied fo mom doweese or significanily lger populnbons: Ealso affocts
e uslng of Primcipal :‘l‘mpqm'l Analysls P Winlle PO §s i whtﬂy s s hod
for exploratony dais anabysis and dimensicealiy seduction, 7l effectyeness oo be limibed
in gmaBee dabusats, whane the sdalsiliby asd generalizabilily of i esbrdlnd componends
may te mwduced. The PEA assumes linear relationships amang varishls and may nat
Fally cogiione cempliog cor opmllinear ingiracins melovnd o the constrcs sidied. To
sdciress these limidahoms, fatare studies could consider using nonlinear dimensiorality
redluctiony herhusgises sich 45 1-tshnbobed Stk st Neiphbor Embsadiling (-SNE) o
Einifocny Manifold hp-pmimaumand Projection (LAEAP, which ane often befier sulted
fiv preenal bl paibserms fmd groupings in hiph-dimensiona data, pasticalirly (0 =mall b
el bk ed samgples.

Amitiner lmataticn of this study is e aee of Google Forms s the daty oollechon ool
which, whake aocessible and elficlent, My e subjedt b weli-scleakmn b and Himed conted
aver respondent authenticity, potentially affecting. ghe generalizability of the findings
Futterd posdirch eould siengibon relinhility by lacoposating follis-up enbev i s
trang;ulating mespanses with other data sonires.

5 Conclusions

Inls sty pradides crimical Ieciyiits ko thi conples Interplay T eminking
hehaviors,. famlial - dynamics, and addiction pattemns, emphasizing the impodance of
sl dreasing dose fd ok in pubi Fealth ibervenkiang. Koy Hidings meveal Phak e
differerces, amily tension, aned the fiming of smoking after wakimg are pivolal factioes indhi-
erriing sk hahits aid oessalamoidions. Cerrler-sganibie sovwsking praduct oo and
thre aipocation befvieen bigher family tersion aned increased ssnoking frequency highliziht
thw rw] for persoralided stratogie s he mippoet individials i begh-stnss Tamilal eeaimim-
meqts. The corredazion behween ll'u;ll:lqg o .I,'Er"ﬂ:'ﬂhl.nﬂ and red uced willingress o guit
ursderscens. e rmpartares of varty behavieral pathrns mshaping oesaption cubcrmes

P zanadys fe ol tamnblaal dynamics nevssilisd disbnct diffororoes aemang smaoking grongs.
E-cigarette users reported stmrger fmily support, higher levels of shared mdy time, and
Pt oniaess oo pured o tisdibiceul < gand e ke and dusl usoes, Hviseves, ey
phibated high nicolme dependence, with no parSopants in the sdgaretie or dal-use
prmapm ncparting anabssmoe of depsslasoe, Trmlitaoal dgnreites smekes oal vk
famalial bomd=, mariked by higher conflict levels and bowver support. Dual urers experienced
thar e Challimigisg FimBy dyraimics ivduding the lesstabearad ime wtl Faovily, <oupling
with b highest levels of nicctioe dependence. These Hradings highlight the need fos
tanilercl inseriverstinns shat simianeansiy sddrmss Fasilial slallenges and adlition liek
particulariy for dual Lsérs, who face compounded bebuviceal and relatioral difficalties

lachine lrarming sechmigues, particalarly snsemble mosdels, demersiralnd significant
potential inanalyzing the m-l.al::u.r!.:hﬂ:ﬁ betwumn siaking behaviers and assecated ficiors
The ersemible mbdel cotperfommed irstitiosal orethods, sxch n= dedsion tées and suppoct
woelee mac lenes [SVALS ) schieving supssioraccisacy ard effectively kdinbily ing complos
patterna wrthin thee dakssst [17] However, the study s relasively small sample size of 100
participangs limis Bw pencralizabildy of b findirgs. Soall datasits sl stoistical
pawer, merase ampling bias, and constrain the ahilisy to identtfy subgroup-specifictrends,
s s e buesid oo, e, oF fainiSal charaoseislio,

Fulare research shioodd addmess: these limitations by moreming e sampde =z tio
amthancs ssatiseical mobmis b and genemlizability, Expamding the dndersity ol the pmple
pogulation and ncorporating edditiensl varsbles, such as sociscoromic status, siress
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copleg methanbams: and menta héalih facioss: seonkd Prm'ldp'a mode com prebenske
imderstandire; of amokirg behaviors, Furthermare, testmy; mischine leaming modes on
exterral dakassets from o verse popilations vlll validaby tbir relabifity in broader configs.
Advancod fea e engincering and inpecaemens i ensnmble fechnbues colld durther
refine mode] performance and socover addiSoral muarced relationships,

Iy corrlaiom, thes shudy highliglsts the prfouind edflumad of damilal dynamices
addiction patterns; and demographac fachors on smoking bebavions. Bt undersooress e
varlimof machive liprmingas 4 ool for bebaviorl reearch, affvzing a poseriul issns of
analyxing complex datasets and mbarming trgeted inberventinne. Public bealth strabezges
showalil vomsacher B umicpe néssls of dilferomt smokivg; granprs. For esamphes, infranitions
simed: at reduding family conflicls and promoting shared activitis may beredit dual weers,
Wwhille cvesstbion progrimes. beeting e-ciganie snd daal usecs shoukl s on mitigdbing
high niecline dependerce. By addrnesdng these praltifaceted challenges, future offiorts can
mare effectivily reduce smoking prevalemos and improve vubcomss for individsals and
thwedar il

Aubr Contiblaes: L Writing—orginal dua Wriling—roview and vdlisng. Visuadizsson
Nalfdaon, Solbvare, Miobodnligy nvestigabon, Formal ardysis, Conoeplualiiaton. ML Weithg—
e and ediing, Wrillng—originad deetr, Mlethoadoligy, Destigabon, Formal analysis. Conoep-
talidasion, =K Wrking—originad deadt, Wriking—review and editimg,. Inpestigation, Conrepin-
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ihed i Hie Burcipenn Fards foe Silrsba X051-X0T Program os-financnl by the Just Trarsdon Fund —
propot entibid - Dieveopement of e Silosin Bimedical guoaring pokril in the b of fhe
challrangs of the digial i gren ecommony Budde D4G) . Project aumber: FESL HLIS-E01-TGS 2

(st tubtanal Re iy Baged Slatement: The shily ss coraliictod In sooordsnce weith fha Decdanation
ol il mke b, el wpmrenec by e Etbics of Commithee of Wedicel Enbversiby of Sikesia tap poval omce
ERW NI ERL T B

[mformed Uamsent Stalement Inkrmed ool v cbtared fren gl sibgects mesty i m e shedy

Dala Availablity Slefement Tl aullers conlies Ul e dils suppodivg e lraBigs of e sludy
are avallable upon regues The dalased 1= et pubbcly sccessible bai jEcan be shased with infepssted
mesrarcke s apen feasoralbe regaesE
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Abstract

Backgreund: Recent research highlights ureertanties surmousdirg the meabolic eifectsof
niartiny i your i parkicalarly smoeg people wha us o Cigandes. While raidioral
srviisking] B known G alks body coanpasstion, the matabalic impact o using e-cgganettes
remping leas nrderssond. Metheds: In this crossesectional stedy, body compesition fvia
icelecirical inspediske: aralysis) and [dbyle daky wons collictid oo 60 wiivsity
students imean age: 317 =+ | Syears), wha wene clesifed as people who ose e-cigapeties
e limive by, geapls b sk daganthn &.Iet|mi1-rl}'. Ly _pn'lﬁlht ithiy have reevwn 1asil
niontine products. o addressoondoonding by sev and age, inverse probabalitg of tratment
wriggfringg {ITTW] weas aphnd, Resdlte: Alter infesinnd, people wio asee-cigaredies Tud
stgwificantly hlsher body fal percenfage compared fo peop ke who hive never used ricolines
(f =545, p = 0L ), kil g sigrrificar aliffonmoes wim foumd hetwien panple wiko smaka
dgnretics and ober goougps. El'u.-r.g. dlrind comsumption was aso positlvely sssocsted with
body [ peoerdnge and molabolic age, Machane lbaming mesdels, parboulatly k-refareat
neighbors, ackivved moderste chissification acouracy (op b 7% in distmguishing poople
o e monbine: from pecpie who e pever used nicotine based on phy=<iniogieal and
lifrstyle feabares. Eoncluaians: [t importmnt bo nede thal the majenty of partiopands
weene mrabedically healthy, and the obeeryed difforences occusmd withim a clinksally
nieral rnpe. Whele e finding sugpesl assooations beivween e-aganiie vse and Regher
sliposity 1 g aduls, o camsal e rords can be s dhice ko dhe ol ivaliveal decgn
Fumther lapgitadinal studissame needed o explone the potential metabole imgplcations of
nivakive: wize.

Kevwords:  eclgamties,. metabolic bealib; bn:l; n:\n'lpnubnn.. nbcoting, bloelecxical
ingelars arahsie youme adulis anoking sdiposity
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L Introduction

ot armek ing dands 45 o i rmmlmeum of chearie dissaces and peema.
tare deaibe throughout the waorld |1 Clgarstte smnkang prosiuces agnificanl sestabolic
awifista i addiging o s sstablished confieascular and pespiraliny dinpers, Biseanch o
dence =hmys that smoking leads to bigher rates of motabalic ssmdrmoone dnd Bvpe 2 diabetes
develogmwrd |71 The appsti—suppressant and (hemmogeric propertivs of nicotioe el
i bowier body weight and B850 among people who smaoke cigareftes when compazed fo
prerdrpldin sthas v pesiir L micobn prodiacts, [5] The mdoodine fitmel iy cpanetios aoi-
vates neuratransmitiers that deoeass banger while inoveasing sesting arengy expenditaie
Iradivig o wieight niduction [1,4,5], The fact that prople who smoke cigaceies weigh less
dioes niet npak thay haye befter metbalic baalth. People who smoie fend 1o develiop mons
abdeminal (viscemal) fat even thinigh they maintain 6 bkoyer weight The gaowdl of cental
sdlipesity prrescets a rafte dek buebor becmise ik Gads b s seaisbance, deslisidend,
and elevated cardiometabolic nsk. People who smnke cigareties devilop an unbealthy lean
by compitiom profihe, whah inelaedes seduond lean macssarel abnosmal fad distrilo-
taom patberns thiat inomeass thedr sk for adverse metabolic cuboomes eeen OGS Vaung
alidis [4.7].

Electronle cgareties (eclgaseties) have become popules tebacro alemabives since
Hrari sme e B dlicadlios sz, eapocially amdiys yoomger individuaka [1,5] The baiery-
povere] devioes produce (nhalable vapor that contales niootine sithout huming tobacea.
Eigarvites servo as o less hanmiul affermative bo tradibonal cigamnehes, Bhius alieacting peo-
ple whis enakie and wand o dicneass thelr tobacon corsmaption |¥)], Althiosgh ccggarc e
i ot coniam bobpcon leaves l.'lrunl:l'urg_.l comibusgion, they deffver nicotine in 'rl.pm']mﬂ.
hoent. |las dislinetice ia |enpsor s wihin cosparng Lhiir _thihlnﬂi:ﬁlhﬂpﬂﬂ-lﬂﬂ'uhpl:
tradiftional cigansttez, The metabalic oomseguerces of tsing scigametbson a long-term basis
covsitaie i be birdonoin, The majorily of s-cgimetees deliver signaficand micetine amamnis
which could bead people whe use them o experience welght-medulaling effects stmilar o
s inf e iional cigaretve Baeireh, indicates tha [sople iwhiise i—igaresis s sim-
ilar bower average BME kevels with peoole who senake cigacettes [1.0], The observed S
M in people who s o-clgarsttes might stem from recotine-inducod sppetite redacBon
aedd elevated metabodic mbe, widch resntbhe peipiewia smoke dgareites charicheristics
The wse of e-ciganethes bas beer Bnked 10 possible metabalic complication=. Studies kave
Fatsind ik wsirgg d-igganetlis leads b dpeeifie mefabial sppdsomd abines, inclading
ceniral obesizy and slevated blood prssspns (2] The onpoing seeanch indo e-cigaretie
bty elfis b i elaribication aboud whictier using et niplasss digicete we
toreduce nietabodic problems or amply changes thest natime,

Bty cxvpnposition Finchion as o vital ekl of metalaie biealih, which shows diffes-
sk resphnses based on smoking habits. The distrsbubion betvooen faland leae mess within
nrmmal By wight shrtemmines metabolic rik boa dignifimng exhmt, Thecombmation
af body fat acoumulation with decreased nwscle muss, which same people who ke
dgarcties develop; ads b ivendin resiatarce and dyslspidemin [6,7], Thie assessmentof
by coempsition fegether with metabolie Indicatoms in peopie whe smoks ciganetes,
peaple who use eciganeties, and people who have never used nicotine prodact= enables
sescarchins o diloct thit lsitial healis fnpacks of these bebaeas. Bischoldeal imgedares
analysis (BLA S serves ax a meful norinvasive ool o mescine by compasition dummgg
paoplation mesmech, The harbessebecieial carmant masanemed gl BlA snabibes fast
caloulamonre of fatmass, lean body mass, and togal body water by determining the bedy's
elechncal mesistanoe [HU] B4 technobopy enables Tesearchers b ddenisfy. ianimal varna-
b i sl Gk distrila tiom, miswcke st amad Bases madabalke sasm bt podple wilh
warying lidestyie paferns. The combirabion of BEA data with lifesty ke questionnaine nesults
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bof

anables pesearchers bo evaluabe She impact of sicking bebuaios o bedy com positon and
metabolic state among healby young sdulls,

Brnibing wpomn sur previows mseardy, which emploved machine lesming teckmigues to
idin®ly desnegraphic, famiial, and soctil peediciors of snoking ard e-cigarcet use among,
wonimy ddults [1T] thes study shafts focus boward physicligical sotcmmes—speaifically the
it laledic prodile ssocisted will e cigandic ise

The incrvasing populacsty of estgames alongsdes ongofng sookmis health issnes
riguines mseachors g analyes Sheir ofbis on midtpbudie Bindib indicotors. Rsearch
sl bedy composifion variabons betisemn people whe smede raditional clgarethes,
resrpse e L it A peraple wh have rever dsed nicabing pradicts rrains
scarce, especially when stodying university students. This resdarch aimed bo aralbvae body
ampusdiinn aral mesabalic madbeions bebaern dondenbvea] peaple wibo pmske Gt
peophe who nse e-cigaretes, and people who have acver Used nkotine products among
Sikewinn Univorsily of Techrodogy shedents, The nesessch combines EA mensureminngs with
lifestylie quessonmains l.n-i.':]llu_m whieiber using u-rghancites s aseoc faberd il differepoes
in oy fat distribatinn and metabalic profiles when compared to snokie, amnd westshlish
Fandasienilal cvideisie bk bhi inclabalic effeels of sigasdie wnd ecigarele dee in young
adlults, The research resalts will poovide ssential knowledge abont bow bobaoo and
nivative prodass wlfiad vardy indicalors ol meabolic el

2 Materials and Methods

Thestady protooed was desigred o esmmure e socinton between nicotine Sobaoon
i Haiues and seectvd atdhroganic arvd ivadabodic pripanTE B uRiversiEy sadenl
population, Toacheeye this chiectve. comprehensive data were mllected thnugh stan:
dardizid boely compositon measanimmimis il strectured lifshie queticrmatnes. T
Tollosinig subsectons provide detailed descriptions of the participants, peecsduires, and
ahnfisticnl mathads deed i B aralysis

210 Particymds qod Eata Coflivibion

Yo adaile valunteers from he Feoulty of Blomredical Engineering at the Silesian
Linivcersity l:i'T-rd'ml:_!gg;' 1 e o, Todand mrtlnillpl:la-th|#| =tuddent mailing lsis, om-
carmn pas acvertsemintis, and Classeom announcsnents, misde g thie st dy popuiariog
The mesearch prrticipants: jired the study thioagh convenieroe sampling during the
acadvivds year 004/ 025 The swady included paribeipacds whis wirs ol der thin T8 vears
old ard obtamed necessary cansenl before joning the reseanch. The Erhics Commites
far Beemivamch Tnel virge Fluman Focticapants af thoe S kdimn Lniversine of Techinosagey in
Gliwice, Paland approved this stady theoagh resalistion Mo, 35205 om 11 karch 2025
The partcipants: received group assignmenbs scoording b Hysir self-repoed Iobacos
wnrspmpbian balsits bodwoun braditanil cigniestes (11, ehaclrooic ciparettes (L and none
(M. The study did oot e bsochesnica brafidatiom methiods shich as cotinine esting.

Anthrogtomisie el ey compursitsan dalin wee collecbnd ising a srmimecially
available bicebectr cal impedanceanadveis {BLAY desvice, the Tandta 840780 {Tanita Corp.,
Wik, Fapan), Mo desions incliudied bigdy weight (kel, Faetghl (anl body e m-
e (BN, wotal oty water (THWL visceral fat kevel, muscle miss, fat mass, ol metbalic
e amagg o b Al mussuremenbs voepe ke wneer stinidardized conditives, Moasyre-
ments wen cond uc ied barelood and in letcl.ulhhﬂ. For m.:h'pn.ﬂh:lpuml.. Ehi s e met
protecnl vwas condicled by a trained examiner followimg the marmfachmer's guidilires

Thre prarticiparss fidked oot 4 validabod likestyle guestioneaing bo mesaine theie dislary
behavior, bevermge consumption, physical activity, and sedeptary tme, In additeon, they
v sk b nepedt hedraverige ranmbsr of dly smoking eveigaele ase seskms B
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the purprees of stisdasdizatson. one e-dgantte seachon was deflid 2= approsimabely
15 imhalativos or 10 min of use. Only partiopacts whi repesed regular wse (mome
tham 1 yenrk aoed meore than 1 sssssoms per day weee incdiiced im the analyss, Forpeople
who sk clgasattes, o session wak considerned pquivalind o emekieg ane il cigareie
Tarticipants in thi= group alse reporied more than 10 ciganeties per day and bad a smoking
history o over one year Based on sell-mposd nlcolime uee, regoesdents wire clasditied
intir three groups. People who have never used niootne prodscs wene delimed as those
ki miporhrd e carrend o past use ol any icotEe o iebaeoo prodisis, inchidang even
oerasional use. People who smake ogarettes wene defined as those swhe exclusively smoked
aninbuslilske cigandties o al beast ane vear, with o hishoy of e-cigane the fee, Peopli who
use ecigarettes were defined anafogoualy, s individuals whis exchasively used e-cgaretie
for it Beviat o et without amy uesr of iradifomal garvibee, Thase seporting clicel wee; or
use of elther product for less tham one vear, were eacluded toreduce: helerogensity and
isllate the effects of sastaimed, single-product s

The questionnalre data were recondied threagh strsttaned dields and manally chocked
for completeness, The firal dataset was compided in a spreadshect format (Exoel b,
Mlicresodt Exod, OF fice 363, veralon 1H98 2SEGE24) ke Maz), comprizing ball coninumis
and categorical varisbles Allidertifvmg miommation was pseud popmieed befone anafysds
b i combigdintialiny,

23, Varkabie Seloction

Thedakazet corsisted of both rarmerical fennbmucas) and categoncad vanables. A tntal
of 21 numw rical varialdes wers mitially comeidered for analyss, includieg anthnoposmadnic
measarements je.g. body welght, helght, B, body composition paramebers je.g., dal
e, Visceral St level, skelotml e e, phass angle, hotal bindy witker, extracellisfar
wi ter; indracedlular walerl, metabalic indicators {e.g. melabodic age. hasal meabolic ram),
mnd selected Biestyle factons (e g daily siting me, number of meals covsumed per day,
dally witer igtike, numbes of fups of callar domeamed por day, asd Ieeguency of everpy
drnk corsumptiong,

Eajht calvgermical vasiabilis were ioeluded, coverdng demographic and li&=tyh in-
fermabtion such as sew, place of residence [urban v=. nimal}, cooupational statos, level of
plasical sctivity, declanad dadary labiis ey, gularity of meats, trpe of dan], ransparta-
teon habits (e g., commuting mede), and methods of food pmpu.ﬂim 2.5, cvakireg vs.
o sranid Knad)

Pracr 1o ainalyals, nusnerical varahles were conversed boa dowble-precison osting:
point format fieennble statistical mbcudations. Categomical varisbles were snccsded usimg
emnbedded n Matlab saftwan {Matiab 2024b, The Mathwories Ine., Mazick, SA, USA)} cate-
garical’ datn type o tadlitate proper handling in statstical sests and dassification medels
Wlissingg claka e akeesod, s phee rvations conlaiming irsssing or san-comvertible on.
triess for crafical vamables wens machuded lisswise from malbvanafe analyses (e g., principai
compenent anabysis, dasslicaiion},

Variable selection for classification models was based on inetial feature mmportance
il val Friom o decmiion e classifiver, with the: p-rankind varabls solsegsntly ozl
for papde] bailding and validation. Inpartculag, elght featunes with the highes predictne
vaie were aelected for the final classification anabyss.

2.1, Group Cosfiny awma! Preproorasing

Participats were assgnid o grovgs Dused om i sellassessment of smokiogssing
exigaretie habids: peophe wha smoke conventional ogarettes (T}, people who wse clectronic
cipanities {B), and paople who Rive ever i niostine proodacts ([WNE The participant
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idemiiby oodies ddentified group membership ueing thedr sufflzes (T bor poasple who
amike ool cipareties, *_E for people v use e-dzareties, and o suffis for
prople who bhave never wsed mcotine products), which were validated by struchured
questionnaine mpdie. The dassifica tion model combined participants from groups T and
E mtoa single “=mokirg” group labeled 1, whale people who have never used racotine
producks |gromp M) reasved the label 1. The recading allownd mssarchess o evaluaks:
variables Hial dstinguish peoplé wha use nicotine from people who have pever used
nicotime prrodducss using fetum <Besilicition medel.

P'maor to analysis, all numerical variables mported from the spreadehess were con-
vl S closs e perisio foa ting-paoind format Seena e proper sk istical prscessing
Categanical vanables were encoded wsang Matlab's calegorical data type to eveure compatl-
hiligy with ahitistical &eb aewl smuschine leaming alpreighms, Racords combisang snising or
noecanvertible entries for critical varlables were excloded from analyses using a llstwise
deletion npproach. Mumerical variabdes were standandized whem requined. padioalarky
in misdtivariate analyses such as princlpal componet analysis. Finalky, groug labels siers
encnded 2a categomical variables o suppost corsiztent handling scross classification rasks.
Al proprcessing ahipe wore copaducted Lo guaranies dala ik gesly, mrnsmize bies due b
mssing mifcemation, apsd optimize the performance of the s bstical and machine leaming
mwsdizhs aamgrlived i i sy

24 Shatistioal Amaligis

Al stabsheal analyses were performed asing Matlab KHI2db. Pror bo companative
beeking, (ber distribuition of aomtinames varsbies wies gsessed ising the Lilidoms fest
for prormakiby. The maority of varlabdes showed shenbficant deviatons froom normalily
i <A Ao nom-parastric abatistca] metinds wens el Bos arslysis

Tine Kraskal-Wallls H test served as a mon-parame ek replacament for oie-way
AMNOVA o evalaale contimous varable differences between T, E. and N groups: The
Mlan-Whkileey L el was usod bo dondiel poal-hae coenpasisans belaeon spadidic groaps
after detecimg a st tisscally signilicant overall effect ip < H05) The peraloes needed adjust-
fnurpd shitsgghy Bondirsoe commevtian bovanise of mailliple comgparssome rek (o = 3] e proyoml
Tepe 1 errora. The Cha-sgmare test of mdependence sereed io analyre differences behsieen
jprmrpsa e categorical variables The arsly sis used s fwoetaded p-value threshodkd of s
thaan [0S for statistical sgnificanse, whiile applyirg Boaferroni cormalicn when recessary.

The analysis prisseniod desrigtive dafictics thringh i saloes and interquartile
ramges ([ORs) for contiruines varable together with categorical variabée dats pressnbed as
oamis and perientages. The anadysm et luded coms with massing dala by axing lishyise
delotion to only Eedude complete cases. The dastrbution of conflnius varlabdes acrose
groaaps was displayed through boxphts, while contingercy tables wene u=ed fo present
alegoeical virishles.

Thee study presenied descriptve statistics thoogh median valoes and intergoart e
ranggees (EFRA] bor ol sdaba and counts with poroeriges for cobagarical data. T
analysis excluded cases with missing data through listwise deletion, so only complete
imsee mene usd for comnparative evaliatans. The distribofion of aombinuoas variabie
acnioss groaps was dsplayed through bosplots and conbimgency abes were used Lo present
categoaical variables.

Chiee b i RS 08 o0nsdaria e acmiss groiips, paraularky ses desizibsabin, a propen-
sity soore welghted aralysis was used bo examine adosted dfferences i body fat percent-
g The amalyais fodvssind im: fhees paiwd e comparisoea: (1) peeplo who us e-cignnethes
vw. peophe who have never used nicotine produocts, {2) people who wse ecigarmiies vs.
prople who ameke conventioral cigame bies, and {3} peopke who smeke dgareties v, people
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who have never used nicobiog products. For each comparteon, propersiiy soones wen
estimimted wsirg koeistic regression based on sescand age. verse probabiality of teotment
waighting {IFTW) was then apphied to create a peesde-populabian with balanoed covana e
distribuatiors: Weghhed Enear regression models seere ustd to estimabe differences in body
fat peroenilage between groups.

T v aluate bhi ofivelivienmsss of myerse probaladity of beclment weighlang (PFTW),
covariake balinoe was assessed nsing standardiced mean differences CSMD) for s and apge:
A Uhresbald of S0 < 131 wiss considimed aooegriohle: Separale diigestios wone Condis lod
for each palrwise comparison {people who ise e-ogarettes ve. people whn have rever
tgend nivedive: pralusts, pegle whis wse e-tigaretbes va people whe smke Cigand s, aned
peapde who smoke cigarcttes va people wiho have never used nicotine products).

A4, Corrlatmn Al

Thiz amalysis af correlation betwieen antimnmis variables need cormelation analysis
methosds. The study caloulated teeo hepes of comrelation coefficknts, which included the
Pearson product-moment corelation cocihcivnt for linear relalonshaps bebwsen rormally
distrihpted variables and the Spearman rank cor el ton osdclen t dor nos-paraometric
malyeis of ondnal e non-normal vadabdes. The Lillicfors test reveabed most variables de-
wiated From sormaliby, so rescarchees focused their inlerpreiaion o !rmrrum corrrel alires.
The reseanch produced cormelation mstrices for both Pearsom and Speamman coeflicents ko
evialua s sdatistical spmidicanc: badvwen el paic of variabbes. T stusly usel o p-valis:
threshold of (LS to estblish statistical significance. The correlation structare was visu-
aized throagh heatmaps that displayeld comelation coeficienis by their magpiibede and
darection theough calor codireg.

I pddditem t e gendmal comnelation matsices, tangired cormekition analyaes wene
perivamid between seleried Hlesyle variables fo.g., sedentary ime, coffos intake, erergy
dmmnk consamption} and phy=eolegical parameters such as body mass irdes (BMI, baz=al
melabodic sl [HME), and setalalic age. Thechrevgils amd directiosyof bhisse asso] alione
were evaiuated, and where appropriate, scatter plobs were generafed Bo illustrale sgnifcant
firwlisyiga, Al copmelation anadveis wen conduciod using baill-in fuscims o the Mallal
Statwshies and Machine Leaming Tookbh ox

2, Clestfemtion wd' Fearfere Ingartane

Toevaluate the abwlity of phirsiologeeal and lifes byl varahles o discrinmmate between
gl whis s wdcating and peiple who have niver wsed natekine prosduets, seeml
superrsed classification madels were developed. The raSionale for inchuidng thas approach
was b pomplearerd group-dused omparisces with datsdeiven pattemn reosgnibiom acnss
maliple variable, such & body composition setrics, physical activity, and distary haldits.
Limke traditismal hypotiesds westinge, ML enabies tha debection of comples, palentialky
noieliear asseclalions between npul featares and dasification oukcoemes.

An mitial altempt was made o dessify participants inle thoee groups: people whe
have naver used nlcnting preducts, peaple whio smoke ciganaties aclasively, and people
whio wee eciganettes exclusively However, model perfommance was suboptimal, with
high rastlisssfication rats bidwern bw bvo growps of pedple whio s reotine. This
auttome was sttmibuled b overlapping physiolegical charadiensiics ard wequal ample
sidiez. T aikdroes ghin [Enilotion, o binery classification approach wis adopied, whor:
participan iz sing sther maditoral cigareties or electronss ogarettes wene combined o
o single peopie who use pikotice gromp (lalbsed = 15, and peapie who have rever 132l
nicobine prodicts were labeled 22 0. Inflalky, a decision tree classifier $CART algoeithm]
e irminsed osingg B entime sed of Sontmoou s varishles. Fealare importance soorms wene
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amirachin] busd dm e niduction of e Cied Enpusity arteckio ativach =plit nede. The
wight mest important featumes wen subsequently selected for further micdel development
fix recuce dimensinality and. mmmmize e risk of overfiting Clasification mosdels
e feadrend using the selected top clght varables and decluded a Decision Tree dassifier
& Random Forest elassifier consdsting of 100 frees, mnd a k-Meares) Neighbors (KN
classsficr with k=%

Mlode perfoom anoe was evaluatsd wsng S-9ndd orossrald ation K sssess wemeraline
b abriligy, Acvurocy was oalcudated s i propoction of comectly dassifid instins
Confusion matrires were gererabed o phrvide detadled insights inbo clissifica Son perfos
mano, ciudivg eermitiviy ared specificity. Adlclissification analyses wise performl
usirg Matlab's Statistics ared Machine Léaming Toolbu Hyperparametess were scected
bl o dtarelasd defaalts withoal edensdve funing, aeflocgng ab explomiory sgipnosch
rather than mode | op il oo

3. Results

The sinly prartiipimbs in @ ol analysis wieve splil o S grgs: Sy wins
e b wibad sk clgasettes {Cavup 1), ety went peoph who me-ciﬁan:th.i roup E},
anid ety wene peapli wha have revver v oo ioding pochinct (Gt MY AT parc-
pants fud a0 average body mas inde (BB of 223 kgsm?, with o median age af 22 years
Height, swocight, body fat pesoenlage:, visceral fab Bevel, skeletad muscle mass, ot eedy wa-
ter, and melabiode I M AT, {15 Fﬂ.rﬂ.upg.nh-' Fii].'Hl.'-Inﬁl.l:ﬂl art dﬂmug;ﬂphll: ditalls
shoven in Table | There were pa dilferences bebween the groups in tenmes of home bocation
ar sex disldibubicey. For comtinnioeas vadables, the :h.di-_!.' ] mriwdiarss and inBimguar
tille ranges (IC#E=); for categorical variables (E ssed connte and percentages o provides
desripive slatislics

Table 1. Bt e characieristios ol pariicipants by gnoup. Daka irg.' preserded o median [ inés rguarbilc
rargge] For conttmsos yorabies amd i pomier | percentaie] lor cofegerion | yadable

Warialdle

A dyears)
Hesght (o)
Vesght ¢

BML (kg /1)
Btk bl %]

Visckral i level

Muisi e s (ig)

Tkl beoily waker
TEW i

feletabofic sge (years

et 1 [ e |
Se-—Femade ¢80

Feeple Whe Have
Al Participands. People Wha Smoke . People Whe Use Never Used
i1 = G Cigareltes (7= 200 E-Cigareites i =200 Nicoting Froducts
M I S e
ZED[LI5] 2201235] A5 §30] ZE1:]3.75]
{71625 1765 [510] fmon iz 1713 [275]
0535 [ 1335] b 75 20015 6535 eS| B [EL0R]
223 (28] 2248 [462) 234 133 21.05 132
TA35 [R87] B 717 1625 f4.32] 112 {515
LD[ZIH 20255 +E2a] 10
4735 [17.7] B2 251580 R LT 4375 | HEAT]
353 (121 397 014:0] TS ) B0E5 |14.55)
Ea1325] L5507H I35 1134 15.5 [5.3]
15 (4175 7 {5835 {165 SLT%A
L FE0%) Fala) 1HE3.3%] LRI N

Thet analvsis dhenid tal groups <differed cignificantly mpanding metatiolic age
i = 00429) (Frgure L) body fal percentage (p = D200 (Flgure 21, BMI (p = C0205)
IFigume M, andd e pomber of enemgy- ddeink cimes med {p = 07} (Figearne £ The re-
st of the Mann-Whilney L st with Bonferron correction showed that pecple whio Lse
wcigaret i hid highes B p= Q0% bigher bady fal prrcaniage G = 001275 and higher
matabolic agedp = LA248) than people who have sever used récuting products )
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Tora

Eonpdal of Evi gy Grid i Teiy rmisb]

Fratrray Dvivan fleey Jveaa|

Tk 1nan Hom-wrokarn E-tipewis Ly

:E,Emt-t Bacogpel ol o ewery o s oo Lben ety doevess smn K osdeg, etk e slais
groups. The red line epresentz the median. The red +7 synbal mdkcales on outiles

Acgrmling frife (ate, gy drink consimplion wes igher amsong ale whie s
e-ckgarettes than among people wha smoke dgapetics and peopie who have never used
nictne prolucts (3 = 0RED and p o= MK respectvely), Thime woent i aiffemnenes in
theze dha racterizsios betwern the people whe smeke cigaretivs and the other groups after
crrvbrolEng For mutiple compan=ons,

Adter cidu ol lor lerJFIi' DO e, Fhus whire ro sscerrghlie ddferenoes in
e variables between the people wha smoke dgaréties.and the other growps. Table 2
obera i thanngh Susnmary of e comparicas, wanplie with povalias Frm poc-hoo
amabyses and Knekal-tallis beata.

Table L Group comparsoredor comtinumis vard sties benseen smoking ‘using ecgare s states
grnups, Dk ate preserifed ar o ks from Enaskad- Wallinfests, Significom prinssc comparisones
were dessieil using Plaie WSy U bees twith Bosrkes pond doepectii.

Varishle

i al-Wallis - Value Sigrilicard Camqariaons (Honferrani-Correced pi

Petibolic Age

fchy a1

Dl

Chnmalogal Age

Erarmay Linnk Carmummpsion

Feogde weho nsee-ciyancthes vy people
- whi have rever psed nlcotine signiliicant
Tonpin srhes s poople
wrhe paE ol e i
T4 wrhir hase rerer ieed nicohine agnificant
i et [ = (RIET)
Poogolic wwhe usic v gancthes v prople
[HE o] it bave retver wsed) pacoting + stgniBened
probocielz =015
Pepin whe use e-cgancites v people
0721 ‘whorhmae meeeer ek nicotipe ne-sgnificand trd
porschcts {irend, g = RIS
Pecgue il ke e giesiies Vi preple

whinhave renaer usel picotine sipnificat
LT presd it (= GOHIED)
Puscsdus s i i - aictibind s pucple .
A R 7 ) b

v sl prostes. e istriteation of metabasie age in people whis senink cijganetees,
peaple whi use e-clganettes, and peeple whis have never used nlcotine prodacts. The
m.qﬂit_n.- i.rﬂﬂq'l.l.nrt_i]e mrge (IR anid ‘outliers ane shovin, A =mificamt differetae was
obeoryvod betwoemn 'p-euph.' v U Gl e e and p-mpl.n w ks fimve never ueed nlooling
prodhuet=s (= 02 Bondommond commeched
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T bt ifustrates e difieronog inbody fat perconfage aniciyg peophe who smoke
digareties, penple whio use p-rigarettes, and peoplewho have rever used nicotine pastucts
Peaple whe e e-igrevites advbibed sinificantly higher body fat parcentage compared o
pisiple skt hange nevir ased: pdcotine prodoets (p = 100027, Banderant comected):

Thre el shiow s the distribaitios of BAT values among poogle who smoke ciganeties
pmph:- whio wse oor iparetles, ard peq_.'uh- ahie have neves weed nicoliee prodiscs. A slﬁml’l-
cand increass o BT was [oad in peogle wh‘rm:n:i,gal:el.lnnmpa::ed 1o pesapde whao
fraren saror sged niceine prostuts (= 1159, Bonferrmi cornocted ),

The figuare presente the frequency of energy drink corsumpBon per week among
e thress g, Prsple whin- i e-cigareid neporied sigri icatly Fighir comsmmpian
compared W both peoplewho have never wed nicotine prodacts (p= 00011} and peaple
Wwhir ek sipea i (= DIMET

Cioerelation analy ses were conducted using both Pearsom's atd Spearmaan’s methods
o ecoman e fhi rlrltri.-:i:u:h'ipu befwern oentinuoas vacnbles, The r|:l..'|.|rl|11:|r o variables
dermarsirated corelslent patterns acees bodhomethods. The Pearsen comelatin analysis
revealed that bydy weeipht demonstrated strong positive nelationships with masche mass
(= UE ) berkal Bedy wakie fi = G081, ad boady Bk pamcevdips 4 = 05340 PAT sheaeid
prsitive relatinrships with body g percentage (= 0581) and visceral fat level (r = 075
Buly Fal poroyrtage amd vicoeral Gal bveds shonid strong correlations with mdaladic
sz ir = L8] and'r = 07 respectvely) The number of encrgy dnnks consumed per
wevk deirnisAraled mderaie positive asociatoes wilh meastalic age (e = 0F1, p <0HI)
and body fat perentage (1 = OuE5, s UL, Thee sessilts from S[:;tﬂ':mn'é- Tank corne:
latism conthiciimes validated e charrped patiems. Boady weight mainkined o stremgg
pasitive mddtionship with muscle mess; watal body waes, drd boidy fat percentage measure
menis. The results trom Spearman’s ok axrelstion cocthcents onlmmed e preveoushy
idetriidied mlalicenhips bebwean crgy drink oonaumnpiion frequey and stabolic age
{p = 5l ) and body fat percentage (p = 065). The heatmags m Figurés Sand o presenta
visnnl reprsendatim of the cordativn strmg ths and ditediens beboam varalsde, The
dizgrams wee e O ax-the threshold o mark- sigrifoant pssncations. The heatmisps
diplay yethew o posstive corelatives. aind Hsie furr e ive carmiions, wiwns dather
shades represent sronger negatve. relationships and lighter shades represent stronges
prosative e e higie: )

i gurd 3 Peasipns coreelathorn mairb beveen oretimunn vaslahles Jo - 000),
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B e

Figure & Speamnan's renk comelagion matri betwesn oonbrmos varizbles, (5 < 105)

The research imncluded bath correlation mamess and speafc painvise comelaban
haeks Evsbindy he coreraboms bebamn curtain sty le vlamenss and binky conypositian
s msetabeol: vesudls. The anelyso reveabesd no meanmghol relationships berween daily
sadiptary time arl B0 e = — 010, g = {05615, basil metabolsc rate (BUR] {r = 6115
b= 03819, melabolic age (ro= D09, p = 0E025, of body @ percenbags Jr = —(004,
g = 0B, The snalysa showed that coffes comsumphon did nol camelaie with
5ol fE =~ [0, Jo= TR, H.IE-!E i = k18, o= 0%, nivtabolbc age fr = 4101,
1 = (L5357, or budy fat porcentage fr =009, p = 05850). The analysis revealed that enengy
daenk copsusngption had sbitstically sipgnioant poditive relaiceebd o with Bz =049,
p= (1025, metabalic apeir=0hl, p= DKL), and body Bl percentage (r = G065, p o (L),
whick inlicates Bl egulac eienzy drink cossimpation migh! b st with pegtie
neetabolic effects.

Ter addtos hastionr skiffimene i variabis, pirticilerly s ared age, @ siriedof
propensity sonre welghted (PSW) Snear regression models weee used b0 estimate ad-
qusted diffeninoes in bady fat pemendage befween groups : I the comparizon Betereen
prople wh e e-chganeties and people who have rever uked micoting prodiocts, the moedel
shaorwed a stalisticn By significand difference in body fat pereenibnge, with prople whoese e
ciganetliss Pawing b gl bovels tha poophe whe have nevis usil sacoline predicts (| = 545
f= 00, B2 = (0,387, This reult neained oonsissent after weighting far s=x and age using
iltfnwpn'hd'ﬂlliy ik Ara el hl‘l'ﬂll.i‘lﬁ (T b comirast, nis alalisbicalle signaficani
dafferenoe were abarryed heterern peopde wha wee sciparaties and people wins amisks
cigatetin if = 191 0 = 0.3 B = 003, for betwesn praople wh smoke dganties ard
people who have never wsed nlcotine products (b = 206, p= [135, R = 005 These nesults
(Tl 5 sugeest Hral Hiae oyt Bosdy fal ohaemved i poop e whis i i-cigarshin i fot
mean mngfelly different from thataf people who smoke ciganeiie when controdling forses
wmid age and may meflect gerwral associalions wilh micotine cxposarne
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Tahle A, Benubis of rnpemsie sooe vl ghitel brear mgoesson mod el sonmparmg bocly fal peroeritmie
Bohwent gnnups,

Comiparison G (Body Far % #8% C1 pValue: RBY  n

Pevple who e copareties s

peapieayba e never naisd THAS 238, 8520 o 35 2

riicodine producs -

Fevple whiv s e igaretbes v ;
e e 147 [-z664]  OM1 0B M
Preoipli wha emoke clganiies

Vi pﬂ‘:h Wil have never 206 |—m b K124 e 24

used mcodive prodiscls

The IFTW. pesssdare improeved covariste balimee across all conppasems n parks-
udar e stindardized mear diferenc o (S D) for secw i ned oced Ao pesr-meno bevels 1o
alll praivise goatbrasts, whide e Halanoe mparesd arsl met b corventioned etk
(BRI < 1.1} i both comparisons between people who use eoclganetics and peaple whe
héven murvirr used i ilang griadcta, and beteer poapie whiv sy e-ipamebies anil peapla
whe smmoke clgareies, These E’H:I_llli_!.lppﬂj'r e adequacy «f e welghiting procedure:
iFigures 7=}, thomgh some degree of ressdanl confounding carmet be ontirely sxchided
Thwie b= also the possibaing ol n?d.‘!ﬂu.uu.u'dnm-&in.g, &5 i prOpOmAILY seare wighting
madiel mcduded onlyage and sex: Natabdy, the small number of male parBdpords 7 the
e-cigarel gromp may L b abslity ko hally combed for so digfermees in the analyais,
particulatly giver the strong confoanding effect of sex observed inunadyustedd convpar-
st Ol pokontiali nlevant contoundeers such & semeronomic b, disary halils
phsical activity, or.paychologacal stress were ot available for inchision and may bave

indfluareaed th roapits
-
’.1. e T
; 0 g T
adik. .
[ 5 L 4 ! 1 1 K ¥ —
LEs LB 1% il m B 0.a

Minscdariend il Oy 50

Figure 7, Covinale balinee | prophe whi smoke Clggerdics ve, poupie whio have mever used
nikotwe prod uct=
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Supirryieand mschans lesming randols wend doveloped b clessify pantici pionts Based on
thesr smaking. using e-chgarssie stavgs, n order oodistivguish between peopk: wio use
nieoting -Ilhn: whiz srrake g ey anid thesse vl smi e-caganeites) | Pmp]:' whe have
Tl W niba e pn-ud.n..t. I’.'|1LLI..ﬂ.I1I.I aduckion tree classifler Ed;ﬂ;uu RETIFERCTTTE § wsing
ol available comtinisous variables, The model was evaluaied with 5-&ld cos-vakdabon
b prewiint avurhitsirg. The inilial decicn Lo teldind am accisacy of ML, hdealang
a q'u:-dﬂt predictive np.lbd.l.!l.l. Fealume imyportance analveis {Fagure 113 r:'nr.iﬂl. that
il i, bundy fal percrage, and BME s e mest ool variible
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Subsaequamily, models werd nefimed by selucisg oy th o cight medt Engariant
features. This approach skghily impowved clasificabion acoomacy 1o SaAT s wilh e
aheEeioey Iz, Allvinative clissifiors weme oo eaphond, Barsloo Foanesd [with 150
achervesd an accuracy of &1, 1%, snggeshng that an ersembshe appeoach did nos markedly
i Psiiommance, fn congeist, 4 L-neadesi naphlaes (kNI classifier (k= 51 providad a
nokabde heprovenient, schiey g anaccuracy of FLENL Thiese sesidls (Table 1) sugmaest that
& kMM clssahin, Basi] on sideshed anhropiamssoi and Sjfsehds frations, may pmovidea
betier ool for distinguishirg benween people whouse nicotine ard peopéde wia havenever
used necvtioe products moyoarg sdull populations- Conbasson matmnaes wirre genvrated
and am shown in Pggues 12-15.
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Tahle & Perfiirmunce of mafvchime Iearnre classilers b dislingnishing propbe who o racoboe frem
peoph who lerwe never wsed neocdine Fl'lﬂ;l.h:h

Classifier Teatures Used  Cross-Validated Accuracy (%)
Dk o Al b Sk 1M
Execisdon Trane Tiog & fenfusss BT

Harlon Fosvst {100 ] Tip & fesrfusis sL1%

k-Nearest Meighbars{k = 5] Top & deahures FAIT%

]

Fiatdn f Cirin

Fgwme 13 Confesion oritris for D Eon: Toee olassder foeall feafures a3 clases |—pocple wha
hawe never viedd nicoling poodiicte, 2 pope wihi e ceiaelies, 3—trdition chpanie pedple
vl e cigameties. Th oeninal matris shirws Ui mamate of comrecty anid inc ety disifiod
bt prtaoes [absodinh: counts) The right parel displis clase-rrise ceanll (senalilvityl, and fhe battom

pane shimas chss-mder mﬂrﬂhﬂmmwﬂn magnibeke of 1alines, from
hh-l.ﬂﬂllﬁ.tlhl‘ughﬁﬂ'ﬁ |

Higuire 13, Coudusiom matris, for Derleton Thes chabsifier [or 8 fea e 0—people whis kave fever
usdl phontine producls, 1—|:l:n|:i:'-w}muun-:nm:l.|lbrgﬂlm The ceniral mralris shosss the number
of eoectly: and: inoormectly chmefing fretances Geteelube counts), Thrtn_b.tmnﬂ.tﬁmh;ﬁrhww
ol (st vy amd e bl poed shoss class s e procisien: Dol kg imd orirs et
the mriagnibude of values, oo low (ght bloey o igh idark medh
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Preedctod Class

Fgnre M Confusion matric fir Bandon Foeest distfier, 0—people wha have niseer tsed nicoline
produds, 1—prophe wha use nlootine akegether, The condnl mwanrlx A the number of cormicy
and treirreclly Cieciias] pedaioes gbedic cosnl]. 'EI-Lt-HE:!'.I panel displays clissswise mecall
{mereativi v, coed e boltom paned shetws clssowee peedisiom. Cell hackgmand oofoes sepeecent the
magnitude of values, from low (ght blees o bigh dank red ) )

Procicied Clean
Fijure 18, ConFudion matris for kMt Mighbes (k= 5 clissifice. 0—poopiewhio havinoer

el wcing o doits, 1—jmoph e I.ﬂ:_l'iﬂih‘ntuﬂ.ﬂhﬂd.l‘ﬂf Thi-ceriinal anairix showws e plinber
ot comvectty and inoorrectly dassified irstancss fabsolite counis]. The ight paned displays dossariee

recall isensitivity], and the boltom pared shows clase-wise precision. Cell backgpoand oolors represant
themagmitude oF values, e how TEhi By w high dak ey

i, Discussion

Thie iurremt pesearch revealiad tha t peophe whis s e=sgantiis maited greater
by fat percentage, BML ard metabolic age than people who have never wsed vicodioe
products, while people who smoke tpgameties shineed o diffenrces with pecple whe
have never geed |'|J.|:|.'|1:I:|'|.|z-|:i:|'-|1-|.1|.|.|:|1-| ln Al easuremerie.  Thid :I’Ihilu.nj:r. |Imdlicate Hhat
e-chgaretle use was asseciated with less Esvorable body compositian indicators in young
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adnlis. Alitwogh nicobing has been-widely rogandied a6 an appetizh pappresiant and 1e
siwmelimies nsed for weight conteel. the presen | Fodings sugzgiest that Bahigal e-ciganite
vsr in young adulfz ws sssocatod with tnomossed body fnl peeoentage. Howesaer, 18 1=
Impeatant b nose that the relitionsiip betwedn nicetEne and metabollc onteomes i likedy
nvalEfactorial and may be miod iabed by behavioral pefterms s differonoes, and Elestyle
chasacieeabice. Thesehore, cur seeslts do ol sigado the apgadibe-cupprossing poleabial of
Tcobne insome conkess but tather emphasio: that lpsg-tenn wse dos ved pecessarily
el g3 o dedipomity. Thee ohesrvation al both peaple whe smoke Cigarstis amd
preople who use e-cigarefies extiobited smilar levels of mefabolic disturbance suggests that
migbme snprere—mngantbess of delivery methiscl—miny be associnged wilh comjparable
diliferences in metabolic indicalons. assamicg siphilr wage interally, While rdcotloe
inksda wiia habibinal i bothogeiugs, the it of consampion diffunsd Betwsen peoph
who smodks cparettes ard peogle who e ecganettes. Traditional cigarette smaking
typically ocoars in defited unis (e, one cigamctie], whires iogarette e i s
e (g grmen e, inviodvieg muliiple shoet inhalation = eeions throughout the day, Thes
hehavinral dafferences make the direct comparizan of “amount of tebacce® urifeasihle
Therelere, i shidy fooused oo dreaplieney and regulis by-of dar e b st pesciied] asd
etrrvinmlly releran) measore of rioobine exposure acness both gronps. I shonld be ndled
vl thgs: gresapes cemes b aetrage B values within b dEnically healihy monge
(2203 kpSm=), and metabalie age eshimatbes were cbese bo patticpants’ cheomilogical age
Thiuss, Athengh s Hediva By cignifican  differerees s (B, th versll metabaic
headih of e sapnple was within roomative valses.

Wil omir itclasion soitens srpumad- that participants had aesed only ome Bepe of
nicoline prodfoct fiv ab lease ane viss, we chrowledpe that redying on elf-repored dat
may rot iy capture pocsional or unmeported prior use. Therefors, altheugh praple
b Banve et er weed nicediveg products wen detingd & Baving oever usnd any raecting
products. ancd people who use nicotine were catesgorized hased on s and s ined
sty Hhat prosssibifity of rocal bins ar misckesification carmolt e smtiodhy eoduded, Gven
e orovm-nctimal design and selfselected exposume groops, the observed associastions do
ok s bl Sempona] ar causal sl tioerships: Tt emais unelea r whitler e oetabolic
differences preceded or followed She inktlaleon of nicotine e

Mt mevet studies ipvaking comparabie sge mronps valilibe anr ressch find:
Ings: Ao serHonal stady of Sovak young adwlls (mean age ~22 vears) demonsated
that peaply whie amoke cigneettes egularly possessed Barger waist cimmimnlerenos mea-
cutresnints and highor BML and fak mass vakies, ircloding pencers bedy fatand vicent
fat arca, compared fr people wha hive never used motne produces [5F The research
sl thal e le whis sk cgandtiis in carly adinllhood tend i have graaber blal
hidy fat ared cemiral fat distibubon, The study by Radmilovic et al. demonstzated that
inidalheageel poopliwho snike dgomtbes displayed g Body fan gorgimbgis ol
thesr binlogical age exceeded thair actual ape. wwhille people who have never nsed nicatine
provslucts mairdairsd euivabont values [12] Thes ahssrind monsise in “matabalic age™
s people swhoase nicotine matches our ndings and sug gests that bobaeco bse over
barmar apesects. b Fiolie agive: Th niseanth <ipports fhat peopi who smake dginthes
by pleally expestence poor weight and fal distribabon pattemis even thongh their welght
changisane nek alwae obvious

e clrmend nesas rch :uppn.rt-:' previcns stuklies that establish links bzt pen using e
dgareresand metbilic risks even though datn abeat ecgareste wse and body composition
reamiing lnided. A Koneam prprilaficen-bussind stuid v disscoisased Bl people sk wed o
garies who e active a8 the Hime of the sady had langer walst measurements and the
highast riak ﬂl:-dwullq:lin]; shdiminal I'J:h:'-h:r Ful!ﬂ hapuerrigly vorsduman w e eompace:
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o ol W have nevier used] nicotime penducts. Thi rescarch shased that peaple whao
u=e p-cigare s developed metabolic syndrome st higher mtes g bath people who
amake cignreftes saclusively and praple who have never vsed nicobne prodacts, with the
prtple who e eclparelies aereodly showing the highest ek [13]- The epidemiobogical
evidenoe suppores our findings of incressed melabolic age I people who use ecigarethes
bevaiase usng e ganttios does nok provide any Balth Bmehis ard ey actaally causs:
harm b metabadic ealth and body compostion. Beseans b indicabes that yiosth ko e
ooryveriseal cigmtis b e e BMEEcreases as e whs e chatonls ciganies
Lemgrhedinal reseanch shawed that overweight adrdescents nsed obacoo products more
aflen amd #ledbromnic ohuded prsduct snd sonvertional ouscd progdists shabed eopal
positive eifects on BM] wher used separately [14]: The maditiona] unckerstanding af people
i sk cignnetind busngg e Based om obdirad o daks dis ok apply Becatse weighl
and misodive wee relihonabdpe differ acnoss various population ages and o

Thw melatsomship betwen micogine wse anid weight ouboms showscomplmity becnase
f betarviaral denwnts abplay. Youny people wiis use icigasits may operivne highe
adipoaity hocause they bend fo enga ge in mulbiple bealih-dekbshaviors smualtanesusly. The
exigaieble g p corciznind sipeidicandly mose crergy detnkes accardisg fooels metancland
similar patiers have besn observed in ofher stodies. The pessarch by Falbescs 1 al. LEE R
s thal yesiyg idaills who smokad Bad higher covsansgption af ey drinks, aahed,
and coffee while engaging in bess phisical activity [2]. Thie combination of behavinrs that
inc b cowmivming Friglecalori stiggiry drinks ail bairg socdintary may meaull m weight
#ain and incressed body fit, which opposes he imediate appelitesuppressing effects of
ot Yo people commemiy bolievo hal riostine seroce e wag b rl'nlnﬂgeri‘ﬁl:lt
tood. Bisearch shaws that ovenwelght indlviduals Fend fo e eclgaeties dae tis e Beliel
that thisse devicos will help tem maintain ther weight [17] Young peopke vwhin pse o
ciganethies and prople who ok cgfanethcs dememst e paraduxically higher BMN unel
by fal, according o muligple studies—incloding vun—despaie heir weight-control
i Tl sliogt-herm ippﬂl:l-l.‘wﬁlprmll:lrl Franm Ilhﬁﬁvﬁlﬂ'ar?ll}t&whimd‘lnl by
metahedic changes ard compersatnry behatiors suchas increinsed snackamg or sigany drink
crrEaamptint. Thee chservid soight gain i:'llll.l*lh.: afrmki cesasiom mclingalrctlings
alsoocoars when people use ecgaretbes as cessaion asds because nlcoline replacement
e sy et dowes el Fally dpiehe 6l mtabolic oFds of smaking [15]

Chromic cilcoine exposine reates condtions thal fead o ondesirable fat disimbuotion
patiems ansd metabolic probloms oven theugh it sappresses apptite. The sombmabion
af insuiin rossbanoe apd elevassd drculating corbisol kel cansed by nicoting buds i
inereased visceml fat sccumulation and dysipidemia [16]. Research shows that voung
peophe who wn ke coganithe posiis B Vsl adipies Hasae Hsin people who e
neverssd niootine products whebayve the same B [B] and malles who ose ecgarettes
i b sbundy o et ni g by ool Biveds dvmpuinid o peoplin sl bane nesir sl
nivatine products | 3], The observed chanpes lead b an incesed “metabobe 2ge”, which
il b bl sy Fusctsons older shin its actiaal age-whin meeursiig basal metabalic
rale asid fat storage. The elevated mefabolic age inpeople whe use ecigarsties ndicates
wny aigrs of mtabalic champss, inclicling metabsahe doicdien mmil nichicod b bady
s cotkipared to (31 mess, These charges will eventually ratse the probabslity of de
vidoping metabolic symdrome and cindicvasoalar- disease, The sfudy needs e consicer
ther sockal erviroement gl widkh ':,uﬁlh COfrELE @rtgareiies. I wh.'lccp:rwd [T
af c-ogarettes among universi by stadents stems from their belief hat these devices ane
saler than Sraditanal cghntis, as Bl w bl secial approcal and digikd markelng
strategies [17=191 The menbomed fottors end to =upport paferms of ese that combane with
il diticral rh”_i.].'-l:ndw.rllrrh includ iy eoersive CIETGY drinl_l. consusnplion arsl naciie
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Nfesbyles [ 20-23). Futare feseanch needs bo use objéc ive Biomarkers sich ds corkol and
lipid profiles, mflammatory markers, and insulin eastaroe indioes 0 My mderstand
me babalic dyeregulation n peeple whe use nicotine, Wearable devices that brack phnsical
activity and sleep patterie should be inlegrated o mprove te precision of Hfestyle data
smalyees for bedy composition resafis

D i n:qm.rh:lr. n;:-uhn.ﬂ,::-h.dlu Uik demosziralo that hodh smokivg and Lsng
e-rigarettes Creat negative impacts an body compoemlion and mebalic inchontons among
vy, imdividaly. Thie wirighl-suppioseioe offos of secking obsereosd i ohiler adulis
do-nat apply o-college-aged and adolescent pepilations acconding fo s study and
b vl o tesse agir grocge Thee stindy shaws think psople wlin e nicaline ammng
voung people tend % have moreased bosdy Rat whide maintainmg theic Bl kevels and
ddpveliping preéfiming v siges of motstlic probiems, The e-clgamthe g desinstealizl
higher adipoeity and metaboSo ape; whids saggests that azing e-cgaretles mas not be
metabodically neutral, althoagh cassality cannit be imbarmed, from she data, Thee misks wsing
e-chgareties pose tn abesly-related condifions mash o surpase thies asaclatd wih
tractitiomal tohacco use. These fndings demonatrabe the necessity for additinal nesearch
dndehevws mang sdockive delivery sychares atfoel chidenbs” phyebedl baralib ared cappoel paiblic
heatth warmesgs that baoth smoking and msing e-ciganettes are meffechive for welght conted
i by compsition maipgenarnee, Thae bady provides vilal informsgion fe campas
health programs by shosving that usmg ecigarette infervention programs must addreds
idiernty arsl Tifesiyhr fcsors e el o exoeive oy Fil aming stisdvmds A& detailal
ursderstandmg of weight ard metabolic bealth effech bobyvoon people s wse recolive and
pecgrle who have reyverusisd nicotine prodns g yeomg adiiizis ssontial for crasing
effeetive prevaiion msasanes and disproving e misconoepion 1kt sing c-claeties as
ne egaboe mmpect on wEghd or metabolic hoalth,

[z rescarch conlains sovendl lim‘hlipm'hhnt e b be mecognized.  The dns-
suctinral study design makes i impossible o determine bow smoking behaviors affect
mubibuic resedis The shuly Fousd assodans botwoon ustng e-clgamaiis and Incnsed
body fatand meabodic age, but it dos not shioie s hether using e-oganct o cnised Hhose
chaniprs or iF peaple with goans Baxdy composision were mise Fikedy bosise thetn, Adi-
teomad Jonggtudina | research is needed Lo determiire the-evacl ause-and -elfed relabionship
it iPwe tharriad offegs, The shady's firdlings have il general spplicablite
e 1F included o senall groap of boimedical engineering stdents from ine techavical
urderrsty, The shiedy resulés might not repressent the entiee popiclstion beaats: they do nal
ﬂptumdhmu mlmlnwm donot s baw F-:Inr.luﬁ.l.mm oo limeand
lifestyle nespormies. Althaugh bivdvemnical mariers of ricotine sapomee wene mit colkcied,
i adhimp i b conbnsl fir expaenn consisiney by el poapk whorus: rasotine
occasionally and quantifying daily session fnsuency through o standardized question:
iy, BLA prewidesn norimwsiie iy comppeibion assssmamnl, bud i occamny falls
short of DEX & or MEI imaging techimiques, fepecially when measoring visceral adipese
tan BLA-derivien] meetaliolic age serves aes waeful measume of physivkogical candition
petibrepresenls a caloulsted value that docs not oeeasare oc bl reetabolic unction. The
af-ropamied] bk froem st otnaines abost Tt Tiakibs cotdaing patinia )] Tridees frinim
revall crooes and social desirabiliey blases. The acouracy of specific variables mighs be
adffecbest by bhessr livikaticee especially when people fail §o report fbeic undealshy bebarion.
Apather impertint Hukaton s the relatively s mall szmple sin: (8 = 6], whech may it
the srmeraliizability and stabistical poveer of the fndings. The mirdest number of partac-
pangs may sediice Ee abslity bo didect subile edffeots ocinledacling avd nsl e esient o
which results can be extrapolated fo Brogder populatims. The machine kaming nusdels
usard for chipmifica Hon fided restrioboms boduess of e daaset's limibed size and strictuse
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Thaz Ideritified prodictive patterrs wene lemlbed by batin the number of inpud variablis asd
ti lass disttrutian, which resalted in modest mode] perfonmance. Fubure research reseds
to aralyze tagger datosets with diverse populations to emhance both predictive scoumcy
amd mnockd robwetnes.

3. Conclusions

This shindy prowvidis new evickroe regartmg the diffesees in By compaositaon asd
metabolc prodiles among yourg adults who wee e-cigaredies compared 1o those whe dis
nuk use picotine products. Parkicpants who used e-cgarettes demonstraied higher body
fat percenitaga, B, and méetabolic age refative to irdividuals wha reported noe hictory of
nicoting vse. These differenors were not obseroed among people whio smoke cganettes
oompand i penphe wio bave never used recolioe prodecls. Additleeally, people whe wse
e-cigareties repogied higher energy drink consumption, which was positively assooiated
with imelicatsms af incrased ad ipessy amd dwtabol agoe, These el highight potmiial
paitterns of ooeeocimming lifestvie behaviors that may be mmportamt in anderstanding overall
melaldic msk,

T beest performing machine kaming model that used keeares] nelghbors schieved
T I accuracy in difimen Habing bebaien papbe sl use ncdine and peoprhe wihes Rree
never wsed nlootine products usng physiological ard Lifestyle characenstics, althazgh
ibhe madels demerstrated mderabe acouracy. The metabolic differemces driecied betueen
proplie who e récobing and peoplhe whea have pever usd nicobine prodacts wese not fully
explaimed by the model. which mises the possibility of behavioral hormonal or geretic
factorts i cofibribsibons 1o Lhise diffenemoess.

Ohur hrslings baghlighl the reed o horther explione the potental relstiorships between
w-cigaretie wse ard indision: of metabelic health oyoung adules. The nesles suggsi
that ecigareie use may be assocabed with dfersnos in body composition and metabalic
prafiles hat fesmibbe ar exomsd s observed in people whismoke viganstvs. Howewr
glven the crassseciional and chservational nasnure of the stedy, no conchisians can be
dirvam mgarding the direclion or crusaliby of these ssodations, Pubbc headih discussions
arovand rdepting wes shoubd considier the broades st of litesstyle Factoms thal lend fo Cosgocur
with eciganctte use, rather than framing these product as metabolionlly safer alfermatives
Thacseic Firndingg conbreiliube bo the giooing bedy of liledabure eumieang de baalth comelises
of nicotine use iy youmg pogulations ard andersoore Lhe imiporance of furthss research
il previndive ey Bggeting ovemall Fealth behaviors.

Cinven the shudy's cross-sectional design, it is not possible to determine the tenrporal
oreder aof nbcntive s and metabolic differencis, amd the olssrved sssdisbons may be
influericed by wnpeasured or insuifrently adjusted confounding factors, particularly the
shrioeg imbafance in e distribualion Tedwesn groups, secieell as ather vaciables such pe s~
cloecnromic satus, distary pattenns, ar siness. Thevefore, we do nol inierprel these findings
s evideree for lhocnusal effects of e-cigaretie wse on. metabodic bealih, Tnabesd, ey shiald
be viewasd as & basis for gererating, by potheses to be ssted In fuare leoglmidinal and
experamental studies that can befter clarify the Erectiorality and medhani=ms anderiving
e arikiwcia e,

Aubhir Comnirbutione: Coeplanlizmton, O and BEK; mothadolagy, O, HZ2, AF and RS
woftware, O and RO [Radoeliwy Dikly validation, BLI [Refal Duede]), BAM and FE.; foemal
analvsEs, 1T and PE, imvestigation. 1O, HLZ, AE amed P50 ressapces, HLZS M5, AF and C2
daka curalion, RO (Radostasy Dkl n:lﬁlﬁ—dﬁ'ﬂ'ﬂtdﬂlt prepantion, O Daeiling — sy ard
editing PE., B DX (Ralad Dondec), BD. (Rad osaw Do and RML: visulizathn, 1 aiperyilan, FE
and B3 propect admini sistion, | O farding, soguisition, PR All authers have read ared ag reed #
the pulilisbesd verson of Hw manusonp
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Franding This e reicd na enbarmal Bending. Thi arficke prosdesing chacge was finimesl
incler thet Frmyran Funds for Sferia 3U0-MET Pregiram, oo-framoet by the Jost Tranaition Fund—
prigsel gkl “Dam ool of 6 Sl Moo coginieing proivogial bn b Gee of e dl
ez ol Mo o il wive] e oot {HRdds DRG] " Proget oz, FESL 1025 17 01 AT GRS,
[nstitulional Keviw Buoard Stabemens Th shedy wie coeabied i aodcedimes with the Do
lawartinn of Hielsinkd wal wis approndd by the Edhies Cosamithos for Reseanh Involviig Humii
Farthpants=-at the Silan University of Technodogy, Clivios, Polanid [Resolulion Ro 372125,
daped 11 March HIZN.

Imbarsesd Conveent SEalimwent Inkemial dorsal o odtaeed feoen all oot ooy il in the ansdy.

Dot A lass Ly Shate misnk Thee pathors.coniiem sl the dale supporieg the Brcings of s study
ane avatianle apon quest. The datases i pabbche aoorssib b o can e shaned with ingéroiod
mrrdes upnn easoab ke gt

Cardlichaf inlerest The authars dechipe moconniftic e of inbenes.
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Posneal conirol and hioman gail s geveansd by complex. nennopiyseoboggion] mechamas that megrne
carprepy rbnls s ¢ il Rl Rl it e Shalery B diiaesfain basdy cebet of ke e Beass of dappant dipunik
o mrdbpiy syviene woking bogeties [L2] Tha bram reswives body poshion sl swovenmn! imforoetion through
Bz i scresiry miedalities which melnde wissan from the vesoal sysien and halmc: wfarmaton frons the
vestibalar system and peopniocepiive feedback ean the somatmensory systeun The cosml nerols sysein mclks
e ingrmts o idemtify poshiral ostabiliee whichs leads fo - comective responses, Eey nenrel sirmchres are pnalved m
procesang Uis censory ndsmanon and teantmining balance: for example. vestilmdar sogats travel o the bragicem
] cerehelimm (o hatp oment the body spnghe, while propooceptive and ssual coes zre integrated in the cerebelbimm
ol ceriex io Oiw-hee postues [5] Malnisming an spoghl stance ilne depenids oo chosmns smsory ceesghting
wilers the realive cmfaibinion of wlsion, vestilala, and poopmeception cae shif) depedtag o0 condloss (ep
stanciing im the dack incresdes relisnce on vestibularpeopnocemioe} [24]. Ulimafely, meolor commands 16 posnesd
mosches Gespeciaily in the legsand k) are adpisied via smeal and hraistan pathways o keep the center of pressae
Wi Thi Teisa of sigiqeeat [ 5],

Wiallting {Secousonion) bmlds npes this pensal coamel foundamon sdéeeg chythmic g soveneens and
forward propulsicn. Human gait is geeersted by peural cipouits koown. a5 cemiral paitemn genermors (CPGR) i the
spnal ool which e prodnce the basic aliemmting Mison-estension patern of the legs even wighoui conscioms
Elrapht These sqripld locoranlor pervegks prouide an aionalic, {hviiinic regpang abiliry — czotilly the ~slepping
ceflen™ teat underbees walking. In jsteel Bunms howwever, ga s noonslly modnlared by supraspion) ceners.
Descending pathways from the trensfem — partoularly retscnlospasal Bocts anesng: from the mesopontne fegmenhim
ity Tha pgiion o e piniifhersvin Do omipcdindr cumilons) — setivale il cowdniale tha agrire] CPGS sl ssocanad posniral
reflexnes Thas anovsatic et conerol Thoagh Brntralem and speinld ciromets envmes basic steppdog matian, appropeiane
psche toae, s mbbeove adsinenrs (ke keeping the bead and eyes stable vis vestibalosocnlar redlexes) diring
shear]p-stovie vraBame [ 3 6] O the oviber band, o gher-level conired from the cerdual corex (s emgaped whanmvigaiing
pis] on Cemgen suviiouneEnis, Walkiog in b mBinilio siketion o perhnning goosise mEeeEnls (g
coguve pastiml comral: 1he bram must incorporare & “body scbemn™ {roorenes of body posimon in space) and plan
movemenss pooortingdy [ 7). Cortical medlor oreas genemic anhcipamry peshes] adjustments — kgl shifts m weight
o postiung thevl propace the body: for en intwuled mevwmem {For-axanpls, shefting weosmhi bafore lifting » foot) [8] The
cepebelo amml hisad gimmlis play crinical peodolamory poles in e processes by Buking with Tath lrisiemn aid
oot el ceters, The cerebelban helps calibraie and ooopdmate movemenrs, swureg smonth gt md balesce, while
fthe besal ganplin contmbute fo the intiatioes and sromaicry of g patierns [57]. In sunmmary, oormel gak and
s smergs fromn s lerpla) b Dawny sidorarie el processes (el sod Yragmstem circuin ey ythm
and hasic baleses) nd copsinive precesses {coetical veperviaion Be adaplaien ol good-dreetal povemest). This
muidavered control svsiem albows bealily voume pdulls 1o mesetin siobdity and walls efficiemly wder wos)
condaons, with a reseree capacify o adpal whs dermm or ek domands deange. Any dsmuption o these Tanrad
ez i spns — whsthisy by pamologicn] discase or padepimally by e xogoinies el pies — (oo inbpinr Talancs anid gail

The complex newroplyeodagoal processes of e body crenle 3 siniron where minor permes system
dErmpions resnll - noticeahle problems wath halmmee md gait Tobaceo smoking represents & disnehance that conld
produs mounmoior efecks. The body al:sorbs pecotme apd mmeltpde olbsr substnces om sigeceite wnoke whech
cvenmmlly awalifies pewnd syvicom opemties [210] Meieatine Teads 0 nleotmic st dwlmne recepton thal cass
theomghont the brain amd peripheni] perrom system including tose regons that conml ineier coondination. Research
sy thadl niooime cases balance problenes becanse 1l affects cholinergic memmurs wriich mn theongh vestibuler and
ol pattenys - [9,11,12] Aoe mcotine exposame o people wio do no regelily e the sulstance leads 1o
tempaorery vestibular problems (nystagnms, dizrmess, nretesdinsss) which demonstmate how the dnog affects inmer
earand brainsem balmes cepers [ 1,10, The v of i garettes over b hes bivn prosom. 0 conse pemoanesll desse ge
Eor prosnmad shbadity, A pesean b svady usiag s ey s s denmstotad thal smokes daplivad Sige bdy
mrpinents whes thedr = yes were cloted compered io fon-smaolers this showing reduced balance siabilery. The seady
shovwed (et smokmy infemsey dwecily affected the resulis apd the effect remained consisient afer researchers
aliininated ape il ol soilviaibag Verislilee Th asBors cibded that sinaking diriees e daiege W

Trurrrmedana Sefsanifresimdrgd forrem
=sasurleg and pcompeting dedses it leahimolepon Drocessess B0IG, asue F
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the poshural comtrol systens |13, Research shows that proloeged susloneg: deermpes botl vestthular finction end
propaos epteon. which reises the chimees of expemcing balance problass and flling incidenis [ 14]. The gas of
mm.?nh}mmmrlr e Wiien compansi e (em-nokers eerss ey walk moesslowdy md 1ake shode
anepe [ 19].

The niternntive micortine delvers svviem known as elecmonic opreties {ecigameties) bee nppeaned dunng the
lasi degade o grasrebel concarms aboet dheir penvous syylem sffec s ronpared o imditional lolacso producs. The
pereslizad delivery of sheoting linengh e-clgarcies ciammtes ol lon-based tomins [He carbon vk ail
Ear voi users. shll encounkr meoline Along with promdese glwcol, gscerol, favor chensicals, and trece meials from
e device Mecutne meell isiniens @ Goiesii v naircphysicdomcal healilh, Sumlas o sgmking. &-cgmcie ise &
“vapinghoan powiely canse sympaibetic simulanos s yetomer ot poleeoally affsring censbond pd mescokar
blood foer [L&,17] Micotine's known effects on the adalescent and voung adnbt brain includz alieved synaphc
dervelopiminsl. which can iinpar comitrve functions. and o staods 1o vasom et motor ciremy cosld likerise be
afFecned [1B], Biedeed, pain fsviewes conibbonts That et ing e 2~ eniss cass de it Dinin nishizaian i adalsseenis
il young oieles [39]. Widle drect resenrch on posture amd @it in-e-cigapeite Users & sdd Eudred, auy 1comng.
comtmmng product mey mileen ce ibe fing bplance of nearommoior comtrel. For pstamce. cvoe obsemvalions @ npges: B
wigrmy hise sinilar ssiie Cardiowiecilin & fTicls B ameling (ep. wansiailly ehivabed hesr rine sod oo presine),
wiazh over nine conkl masilane o vaseu b chingss affseneg muschs fimetmn and bikmes (23] Moresver, aine
preliminery data madicate that the tosing s e=cigarem: vapar §iscludeg nicotine and cenain flavonng chemicals) might
have mnooloxic sffects analogomes o those of cgaretie =moke [21]. Horwever, become e-cagareties Isck many of e
camhitstion bipeadmets o Fialwedco, i1 1 WpoThesized that ieir topact on josnial contml ney ke [es prossinee:d
o thet oof tradetineal cigaremes — o Lypothesls tharpeeds empirioal validsson.

The rexesrch on smoking and vaping effects on postarad contred and put m yomnp adulbe bodde spoafichm
mporbuks for multiple resens. Yowog adully sxpenisuse theic best smsarmeo lor pecformans s and ressthensy daring
e B s Auy deficie deizsal m bilance o gair imsoag yming seoks o vapers woukd mllens o early
deparmre from optinel pewological fanction, Taising concems sbim longersterm . cousequences. The seooed
mportan facior & thet meoohne uve & very cowsmos moiled ape group. The emdemological dets show that ke
cerestinpitian of reeoting predicts (il cgande or e<araerin) & widespread aemong yomng people. For intane,
e Polisd, aboist 45% of meeversny smdenss lave mnl s-cgoreies and obout 13% ane civem smooles [22] The
prevalence of vapmg an the Lhied Staes in 2021 wes more thes be trwes higher uyyoang sdubs e o olde sdubis
[23] The growing popaliniy of c-capmetes aneng yontly mud young aduies s <vented a8 pomiation (et faces high
Fevely ol mleoiase eipeeiire Domgth e mmamoaiive delivey soelesd The established baldi fesks of ok Ry
cardiovescniar and servoas sysizm headth exiss bin the permansnt etfeces of e-ciganeries remain Uncerms. The comem
sminmg sl pogrul simon represenis the firsi penemainon o experiemce wapeg Pom edolememce throgh earhy scdulthood
e sty onadd her ittt sy tnibot S ouitol i irimdens afficting This grevep. Such Tmowhadpa ¢ b s 10
exdorats pelelic health ngerventions, especial by dinoe bakasos gnd gait ismies o yonsa people oould enmslate o safery
risks [sparis imjuries. pocidests) amd may Boreshedow moce serives semologicel problems laier in life. Given these
facnors, the prresend =iy was cothicind o conipare postural stobi Bty mmd gait in voung adul traditone] ok o amxd
e-cipiietis users, Wit the s of detéimining wheber o (ke i asesnal with fesanimbls deke coiifis]
nheramons in this Jgh-use nge demograpln

I MATERIALS AND METHGDS

To powsprebensvely asses the nupact of 10bacoo and excigaetie v on poshural md locomoter fmction. a
mulinmedal baoinechanical emlmbon was emplored. The shady combined stabilcotne memnoemmEs under satic
colitions and neadnll-lesed gadr e sinents W caplane [olh babee mad (vaseswc willigg characicrislics. All
presssidimes wers camial o B pccordines with @ilncnd standards. snd detailed methedalogicn] sieps ire oalined
bl

), Snigy Denlgw aud Dte Coflec doo

Tl presesl siuidy wis conitiucnsd o invesignee poicmial Bomechnme: o & femete o posngal sabein aml
et parneters amoeg sdsidusls wids diffiress smodisg habes. The research airmed (o evaluste nom-stokers ani
msers of elecdromee cmareites and treditioued tobacco snokers through both  stabouary and achive movemnesd
wssastEna, Tl sy peoicipains s o s Fasulry of Biommedicn] Enginasing o 1 Siesian Laversay of
Techislogy in Clndcs; Palmsd divesg he H242035 aoadermie pear. The reciichers belosied paticpanss hnoiigh
convenience supding methods, The study repared particapants 1o be ot keast LB years old and w0 sigz an informed
womeek form before stacting {he peseench. The Eihics Commimes for  Resemoch Tvodving Homam Partic pond= a1 the
Slesin Uhipverary of Techindogy ppraval te staly peotool thisiph Besobases Mo, 20005 oo Mach |1, 2023

Smoking s was self-reponied, and based oo these declarnons, wdividmls were clissdisd o e of
three expermental groeps: N - non-smakers, _E - elecironic cpmrete users, T - tmdvtional cigererie smokers. Mo
biochemmeal verficrion (e g cotmine or C0 measmevmend) o porformed. All s mvessrts were carriesd oot undar
connllat lahorery condiibam ustig & Zebrs Medicid Gk pressire-seming phifean ol sl g
mmalysis svsem (Pay, Genmeny) Famicipans congplersd tivee smndardized 1 coaditions:
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& Seatic balance wath open epes — pnpl stawce on the phatform: with visusl mpot mamisiesd. by
fimsting om o poind of eve level

. Sratic balgee willi clised) sves —1he suine sass wak repeanad with cves Clossd T i videl
mmput

. Treadmill gait - baredfoot walking ot a comfortable, seifeszleciod pace moer a Zobois treadmll for 6
ity nl ket L sonsecstinw ol s veles

Mlsasiire (st wee acqired usiing Tebias Wl T and FORM-T sefmooes amil espoviel b Excel foroml.
Deia frony eacts testing ¢ondition were stored m o separaie worksbeets witltin a angle @, Cronp classifioation was
A by prasing pameipeint 0% 04 ool o abariogs E, T, oo iither, Tesasg was perforresd i a
stamciard eerd emvammment with conrollsd ssmperanee and Egining, Al seesioes weres supervizsd by tmited percimne|
using <onssient procedred s irac oo b ezsine unsformty.

2.3 Preproceising el Crreaiping

Tnitml dies preprocsssing was perlinged (i MATLAR BI04 (The MaliWaks Toe, Notick, MA. TSA)
Raw datesets were imnponied from: the theee worksheets (“Eves open™, “Eves chosed . and “Treadnill™) conimsed in
e somere Excel file. Each vockshes reprecenterd oue of the expenmsestal condiionmn, and esch row comesponded o
o DR participant s ¥inl

Poetiepasts Were ol satdfial s alphamunsrse D0 coimatsd in S “mmer™ sohive Geobp a5 o
wias matomeated baved om predefined siring pamerza

- [Da comainmg © T weee clasfied 2= traditional cigansie imokers

. ITs. vk " indicatial eleen omie clgarstie ke,

. al remnimng s were classifisd m non-amokers (groump "ML

For ench workchest, mmeric vanisblas wers éxmacied uging MATTLAH wrfmliismmenc). fimchon,
wirmring the selvetion of oaly sontomsus brmechamend febaes, Varebes incheded preesure @siribetion metccs,
posiural snig chimicisristic (i the statie tals), and smocosnposl gall pasinetas (m e releall comlinon)
Bfssing values {PMabi) were ideified sl excioded on a per-vanable basie o presenve siadstical power whie
i ring Erls loas Daia vere pormelzeed wsmg wosuee rusformalion (rormalice fanctson m MATL AR before
Titrthaer <iarienical snalves anl mechine loening All preproceasing seps were cadssdized mad werpded o o
reprodiurbaliny e the hiee expennenml condiees.

25, Srivriea) Advadyny

To asses date suinbility for pamnetne sahisiecl ieshey, sistivtical comperisons beomgen (e foee stwdy
woms (N, _E - T) were perfovms] spaalely for eachexperinginal cosdinion, Mermality of dars distaainion withii
cach groap was assessed nsing the Jarque-Bers test (=gnidimnce [eved o = 005, Depending on the pesi cutoome,
eilher 3 ore-nene AMOY A {for nommlly distriteced dats) oo m Knasdal=Wallis He et (for moo-oormml dam) was gsed
T fetapis arviera || ooty SifTenenees. When the o i taal padscabod siaririesl iy sipnficant difTermce (0 05), paaiss
post-hoc coup i wors Wens camdncned rmg Bomfeenoul 2onection 1o ooral fer tednple testing. The Tvpe of 2
applied {pararseTic 15 non-parmmetnic ) wes reoorded for eads vanable.

AR anabyses were porforoed indépendently for each of the thoee dada - sleets (ope eves. clowd woves.
Ereadhnlly, allowsg oy comlimon-spedife srepmemiong of group diffesnees Ted snhs weie podded
progman i sty md visnalized wdug beopliste fhr each sgmificas variahle.

2 Comeladen Amriver

T explore inerelsteeships  ameng bosechanenl vacables. prarviss Speanman’s mok sonovlation
ooefliciems wepe ampated for all meseric fearwes: Corvelntions were caloulased oy twocomexts: {11 poross e entine
drteset for sach condition, and { 2 sepamicly within each experitnenind group (8. _E, - T Thizallowed for bots glolal
Al gregeapecilie gonevns of vl W be idaiifiad For coch vanabke pair, hie cormelation eosfcem {0 and i
comespomlieag panine were reconded. Cormelamans wene ooesd sl statoncally cmifices ar p < 005 Smang
correlations were defined as chose with [ = 003, The nesaltmg correlston matrices were vismhzed using color-coded.
=3

25 Divesstono BTy R o

Principall Conponest Anabsis (FCA) was-used 10 redoce e drensiomliny of the datases and w0 visualize
the dsirinfion of pariiogeets across prngs based on mulnanale bioimechasecal feaiures. PCA was apphed
carparalely W0 eack Sonditiony [oprak ey, glosed ey, misndamll), vk all stendsedized maperic varisllioe. Prios o
PCA, eaeh varable wak soernalized wsing 20 on warefematos The fiest two peindipid ¢ omponsats (PO and PCI)
were retained and used for two-dimensiveal scater ploes, wirk pamipests colar-coded accaoding o groep assignmen
(M. _E. T These plois provided an vesarperyid vaee: of potentind clustering or overlzp hetwee groups.

28 Feinrd Seleemion gl Clpeelfoamn

To idenitity wirinbdes mosi relevios fior dicingesling berwees parne iy googs, the RELIFFF afgoiim
was apphed o the M 7= - E himary subset: RELTEFF estimetes the mmporiance of each ferhire based om 1is pbifine o
eepanate invleness frean differmt slvssen mathin Jocal pmpbborionds. Festures vweps rmdosd by thair assipued weigls,
aiel the tof 5 were piniosd for Batbes aadlyss Clessaficanon models were traingl kg oo eotanonly epplicd

Trurrrmedana Sefsanifresimdrgd forrem
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supervesed beaming algondims: decson e limear suppoct vector macline (5B, k-nearest cesgbbors (k= 51, and
Fogistic regression.

Wkl were inpieniental in MATLAR wang e Clied Gction Loy Tamesok ad rained wiiyS-fok)
crossvildidnion. Petomance ws evaaaind bassl on clacificamon azouracy. Twe rvpes of classification were
comdnited:

J Rulticiass lmsafication - diffmebating betevan all thres groops (8. _E, T

T Banwry ¢ lussificathon — congrring ach pr of groups separately: Mve B N e Tl _Ev T,

F-ua'ru.'r selpctin 2kl chmsificstion procedwes were perfmed independenily for sach of e tiree
eupei sl cnndtioos.

2.7 Gyl M Frnolzeoe

T illustrate the performance of dee classificatson modeds in the binery compansons, confrson mamees wene
pemernted for exsh posp par (Mo E.Mw T, med E v _Th For each somgrarion, the classifior sclpeving the
bzt o -vilidinal osouracy win scheeted, Confision e provided & vismal simmary of e posibve, tig
megatives, fabe posipves mad thise negmives fo the selecied model allowing for an inmmitive assessuew of
classification relizhdbty. The mainces were displeved using coloe-coded clarts. with actnal cbass babels oo the vertical
ol and predicred alsls ou the honzoeta] axie Tl vualiption dep sepporied) sbapoatation of clisafication
eitcoines; parmicilaely by cases whene pecirscy sl ey not sellect clis-speefic pertormanes (=g, o e pretsee
iol class inshalonee),

A RESULYS

A torial of 60 paticspants (20 per group) wers included m ihe towal anal yiis, based oo ihs 1D pasing and seif-
dezinred tobacoo nse sy, Median ape was comparable soross promps, et & total sample median of 3200 years
{imfempentde cangs K] 1,250 Tredibonsd mnokers fsuded 40 be teller dinedem 1765 em) thap v<igacets users
170ty el pon-smokers (1715 el Bealy sresght was slighly i gher i todscen wers, while BB v, varial
imore Ssimerly Hermees moups. The bighesi medion B was observed among e-cigaretie mers (23.4 kp'm'L whereas
rrsmiokers had the lowest (2109 kp'm®l. The disirdeston of sex differed across growps overall, 41.7% of
i capts Wene fisle aind 23 3% Genade, Traditional smokss had te highest fropetion of weales (3R 3%), whik &
e e e baif] the bewest (16796, Tneontnss, 83 3% of <t garene meern wene Temale, compara 10 41, 7% m e
scker pod noo-usoker prowps. These abeproup differesces i muthropometrs parametes wevs sabsagaely
evalmied usng nooporemeins Satisdical e, AR paricipam s comgleted the three test comsbtions: open wves {=aiic
Blinee], cheod eyes (Satic balance) and e pail. Mo paotaipants were sxclinled duz o pssiog 07 comiigosd
. Emch test conditiom yicldad & dsomer set of mamencal feanwes. Stane halance tnals fopen and closed eyes)
mncinded parmeters related 10 center of presare {OOF) displacernans, soay peth. and foot |nading daenbotion. The
trvsadirll condbition i baded additicne] deamee gal prrmmirs il msatnide kgt cadenes, gair spisd, and peak
ey jsressTHs:

Staheticed camparisons betersen the firee groups (N, _E, T} were comadiicted separately B esch numenic
verishle roconded during the mresdeeal]l walkmg sk Trepesding o the disribetion damcterislics (s assesad vin e
Tiie-Reera fesll cither omc-way ANOWVA of the Eroaknl-Walls e wan apilicd, Dol of e fill set of gisi
parmiEeiers. S varinbles showed siasmcally signr]cam defterances between gomps {p = 0.05){Table T} Prirates pec-
hoc companisoms with Boefenmm oormestion neveadad that e moes prominent differences weee oteerred hatoreen the
m—muhmﬂﬂmﬂdmmidMHMLE].mmmlﬁmmﬂmdmph‘hm

In the closedeves siane balince mal {Teble 170 moup diferences ware msdveerl using Bk 1Wallis o
ANOWA dependimg on the detnbntion of each varable. Among tw evalusted parmmeters, Body hass Index (BMT)
il ulin-lansral grenial sy O -anis devetim) showal poaldes eiween-goup dilfacees, Piarsise pos-leg
conarisnn: revenlad a satisheally ceanificenr diffepence @ BV Batwe el Bon-smckers a6 slacmarnte £ garetie user.
Differences in wway [Drevintion 1) were not soatistcally symiticant afber comection, altbenghy a trend tommod higher
exstbidity oy e-caparetie users mas obverved.

Tin Mg npen eves stahe haloncs sl (Table 1h sovinl panmeiers were mialyead B grng Effaences muing
Bk s Waliy or ANOVA tees Sigaificam differenc o were fund in'the Seoe dismistion under the lefl forefpm
arel left backfoot. Posi-hoo pearasss compamsons revealed that toeditional cigaretie users{Th exdshited legher force
imdar Lol T Beth Farfient s liefl backTon comipansd o moe-smakers (24 Honevr, oo sipeifican dlfamee win
chigrved Bemuesn soelganett: wser | _E) il uie-ioken @ ihese virmbdes.

Boaplets were penerated for key varisbles showing smificant defferences between the groups. Thesz plots
visually demict e distibeison of (he vmables B pon-ssokas (9], decivmie cgnretie usas [ EL and esditonsl
ciparene sookery | T The whisksrs represent the dne rasge, while the lorzeml |ines: inades he = peprssent
the median valoss. Cronp companisons reves] bow the dseritnion of valnes ditfers ncpoes comdinons
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wiferswring sod compuing dedzes b wohnolagiosl processes. 2006, Bsoe ¥

=T



ww SR

AT M T CEMUICAGAR LR MATRE] HRTALIN U TRy ecars

Tifle 5.
M ~tier pairwiss comparons o all :lpﬂ'l_l. Evznlies {— crabic aie flea i paire e cisspartsen s el ansag fhe
e sl prvaitics
Variaids Tear Ul Nu E Em T B T
Tty blae Taden (BT Forudke Wkl Al 5173 PRI
Forcr emder Lafl, Fomieod
(i AR A AAT BOET ol
Force roxder Laf Backfond
IHl AR L) (ki [ ]
(el Uyl Dernkendsd - Frlod el ana L [
MEax Parcs - Foredoo Ledl
{ Py | Ernialwakn 7 — 0aE
hian Ferew - oo Bugdd
{8 Knniod-"ikn Ll L] —_ 0143
biax Lead — Hedioet Ledl
] K Yeati - e 0et
524 Lowd - Pt Bighi
i} Ennisl Walin Aakh B0 —
spp Lamaphy - Mmisdenil APET A a.ms L) Ao
Joraremy - Nlax o lzed -
Fedefeol Lall ) Ko Werln a7 — LR E]S
hf-lmmcﬂ} AL k] B1Z8 [ifer ) ]
=
-
- C-—
- f
ul =
L T
T |.| §
Fig. U Banpled for Bty Mbeo |rabe (13103
|
i
= b
- i
i | |
na e
]
1
i |
T -
Lal 1
L 1
E L E

¥ig. 1. Boaplor far Parce mackr Lefe Forvfast

Trrermedaun Sdsaniiraeamaded forrea

wlspsurlng and ComEuning dedses it leefimlepon orogessess BE, Msue ¥

298

243



244

M. W ST
memdwmm

A Beagy bl o el 4y che (vra o

T mvestgere intoretamonsipy amang: dabibmoeioe and antheopomcisic varsbles, Secamin’s ik
camrelntion mudvais was perfonmsd fbr e opes sves comdition. The globind anslyis acroes all panticipaes vevenled o
mumber of siromgz-and satishcal b sipridican assoziatons. Extrernely high imverse commetations |1 = — | 00, p < 00061
wrure al=mrond bsrpoeay lef and night foot cegions (7 . FerselaliForefeal vy Force LefiBacidos. ForeellighiForefont
v FovecRightBackivor), e el e berwesn ol fepce under the et amd ight feer A verly peafisel pusine
conrelafion Was: nbo presenl betwesen the ceter of pressume (OO path length and s aveage velochy fr=n.09, p <
). Wighlsghting the binmechasical coberence of these meanres. Messiges of postuml sy peomelny, such =
The 85 % comfidlone g el e, Sl siromg commidatines Witk body (e mgth of th ot sl mino ages (7 >
0.8, [ = W000L); asdicrng o cless selatioaabip berwezn. overall sway amphmde and e divectional componss.
Smelarly, medmbliteral deviston of = couer of pressuns {Beviation’ T corelated strongly oeth right Boot fonce
disirilmmon (o2 ¢ = 077 for ForeeRightForefoot and t = -0 77 for ForeefightBeckinot, i < 0 0007)

When pasdyvral seprra iy Iy g demnive panis i sreipad 1o ie-aoakers, B seidively ool
with paostioml sy Tessires, ine indeg DOF pa lengil {r = 0078, po= 00000} and COPF averape veloony (= 0T,
P W00, The area of the Wt confidence ellipes tlva correlated positrehy with £3 major acis and minor axsin =
AT, o= D0 In the e-cigacetin greup, BT wes ngoificanth: Mudluﬂ‘niﬁﬁ:wam.wd:ulnh_hm
fre s under the pghe Rl o increimed Josd on the kv, Devation metics wee ek Hghtly cogded with
Joooit presainre valnes (r = +006%0. 10 tendidom] smnkers, body weght showed strong pegative oomelasons with snmy
e il o mxds Lemgth dr = 086 and 0077, respectively), while positie assocations were fourd between heiph
ol Fingel Fomea parcnnatiye O OF-velasad vartables, ich ae pacs hesgih b valeiny, remmmad drosgy somaad i1 =
0.7, eomastent itk global fodine Thees rednit ondeseone the bomschnnicd al s gEnmary
e plemtar pressure dimibution, as-well a5 group-specific paméns in how indwapomemic faces wedubrie poritaral
conrnl. The oofr 10 comelutons ghodbadby ane sumnwrized in Table 2.
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T flbmirat b strnehiine of mhervsialde welatrnshes e opm e condign, M complinminy
nistnlerekon methods were applied: a beatmep of Speoeman’s correlinon mamx for sich grenp i o comedatices
cetwork geph. These dools 2nable the dewcion of chisiers of covarying fepiunes oud poovede & global view of e
Fainechamical interpday between svey paraeneders and plastar foroe distribasison - Strong posniog dhlue) and negative
Crelowh eoerelan s are olseryed i SvMmetry -yl Foes wrinkiey dnd ceinsy 47 pressnde misfriss o a hestmsy
(Fagure -7 The mam: Wghhphts paitems soch & the imoers coopimp of bitripht planar regioe amd the
propertiomaliy between sway amphinds and elbpor dirsemsions. Mades on o’ comelaton neteork graph (Figere £
rpresrnl medividinl baoaechanical varisbles, while sdpes irhcate statistacslbe vigmifican high cocrelssons {edpm
checkrees rellscts 1 stieugdi]; The grapli st modidat groag s o varialies Hked re poonmal geomeny, e
syimmery, and sway velnoiry.
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ﬂ;.?.iq of Spemrman’s covrel aikos cclideaiy bar

20 el Enl frre b e B e Condbian { Dabnono sawlinrs)

T mplore the piarebtozships betwesn stabilomeine aml asthropomeimsc variables ende the closd sres
wondition, Speacman's ek correltion menlyss was copdictod e e the entire sy popoiticn (W = 60). The glebal
cafpel Akt it x revealad g meglcr of Annstically 'i!il'.llﬂl.'-ﬂl'l sl himsehan weally relevan b psaiatialione, The gl
promounced redatiorheps (] = 0080, p - CUHKN | were phiserved between Eooce disirnbestion paemeters and postrzd
saay metrids. Perfoc mvers comelaiiom: {¢ = —1 000 cesimid v cpposdog plambin copons (eg. Fide — Lef
Focefoor [M| va Foate - Left Backfioot [M], Fasce — Right Forefon [M] va Farce — Right Backisar [W1]h, e well m
beetarcen total force uede the bait and righ lionbs (Total Force - Ledl [M] v Tofal Porce — RBain ) & neasly perizct
direc] associntion {r = 00K 3 <0000 ) vy apain noigd betweos OOP path Teogih md evemigs welocity, cossisfen
with vesnrs chserved in e e ey odifion

Oithier nevtabils findings ineladed very sioong cormelanons bervesn the 039 cofidenes ellipss aren and both
rlrhngﬁnﬁh:uﬁmr[r-ﬁ.hﬁmclmlhﬁr-I]-.Mj-m.ndlﬂﬁn;gﬂnﬂhrmﬁrqlihﬂémlﬂ: j
i hoth directiops. Dervistion mettics in (b mediolstemal plae ({00F Davigton Y [om]) nere significamiy welated oo
et fures valies, paaticaiy inder the nali forefoot ol bekfror, The tip D0 sl algnifaca: donmsatioin
sientfled ghobally in this comison ace smmmanzed o Tabdz 3

T further imvestigahe proup-specific stahilome e patisme. sepamte correlstion heatmaps were penersted
fin nlul—aﬂlam e-Ligaee meik EE ). sl eronrions] weokers (Th Thess Niaializatings, pressmeed in Fupins 8-
L0, revwendad distince imer-smintde dependenciss in esch grosp, pacticoslaly remoding Sow body s index (EMI)
nrd devistion mermics modnlated foot pressire and sway. peometry.

Tabile 3.
o 9 e Eipra it onrvelatians (Clousd Eyes Csaditisn)
CVaaiakde 1 Vapiash 2 r pvalm
Tors — Lefi Prawdint {17] oo — Lk Hackt ] T w1 ]
Fiwe— kit Ferebot [1] Tanir— Bight B 1] -1i% <L
Toatal Foern - Loft 2] Totd Forra - Rt (4] —0 o taill
O Btk Lretid i (] COF e e Vel |ime] - G < [t

#v Doshdencs Hipe b
{erir] Lotk 2 % et Joem [ EETE]  (aid
350 Cabdews Ehpee A
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{Table o ) revealed 5 pumber. of strong, stistically spufcns ssocations {in = 000, p < 008} Perfeotor bsir
ot pormelations very pheerved bt oo iomechemically relared seriskles such as ool and backloot forces an
e e Tl deg . FongelefFaelogl v FonsLafiBeckToet, 1 = -1 000, a5 well 45 wodal s Bepwes the ki an
right Tool (1 = -0009). Cindl cyeke thne was poirvely comrélntad with step legth (f = 081 nd negatively with
walking speed {r = (860 refleciing expected tomapoml- spainl depeadencies, Mepares of mexmsum presare and
mumaiai sy m serespeading foot zones also deimonetraled high tigasal sopsstoss (e = LEL

Sepamwie apilyacs by grotporevesded pamially disot cotreliim profies, B iee-snmkers, soide-
rebvier varizhies snch s walking speed med =tep bength weee tighthy corre lewd with body, composition indices (eg.
BT vaoepieed 7 = =0 G6) E-cigireme tisers slurwed @ paiferi of fedita] pad svinaeiny, wilh sdialle soagniries
betwest Seld ad Tight force distobiong, Inocommad, madinoons auobers: demn remter] meope homogensls fone
comelations bat weaker ascogintioss with marheopometnc variables. These differences =izped goep-spoofic
mdaptations in gl hiemechmics. possibly modslvied by |dstyleelvied plydclogicn] Bictors Hestmeps of
Spearman dorrcliioin are provked for escl goup (8 E, T i Figwe §1-13, Thess highlight grog-specific
BT ALTUCTILDE 5 RS0 g il it 1675

Tabied.
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Anritial FOA wis condicted g the fll setof smldlomsti and - padi-elial viable asues ol
o ipants to exphine the. global stricare of the datesel. However, the revelting peogection did oot revenl chear
chetarng pattems o1 eaningthl sepacehion behween the three proups (rsditiong] smokers, e=izgamretts users. and noo-
samnkerel, sty Henl grevp-nelated JhiMevenies gt be olecimad by higbedime s omdl o of e
featomes. To oddie tlus Bamaron, o Bsardve 4 e e sep meaeg he ReliedF ol georin was apphied poror o mitedgnest
PCA This approach allowed s 1o foces on the peos) Sscrininseace vanshles for sach paarvise group compisiso,
tomliing in ingeoved visunl sepemiicn and inkecpeetatibity of thie principal compoment Soce The Blowing sections
el the POA ot for N ve B, T v Eoaid T v N, Teis o dn B i wessgrer1ive Tup Trs e aaigs,

To explore the varimnee sirechie mad aesess e poteamial for group discnomeation Taesl o e mos
mdrnEnenve fermmes, o Princpal Comporent Analysis {PCA) was con decled nsmg the top 3 variables selected 11a the
RalwlF algonthns for ths compaivon betrowwm moo-tmoksrs () apd dectione cparetie vssrs (B Thest vonnbles
e walkimg speed, AL siep bl i o plosi gessaime delieites, whish mere jusvseasly shinwi e b
ok Televrnt for greup sepanttice o clesedfienion models. The PCA projecton oo the s mm pnncipsd
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The mescarch defvers freds knowdedpe abon how tobacoo smoking hahits and gocigaretts commmphon
daffererly inpact posbaal control pod pai 5 young edulis, The stwdy reemls thad yosog healthy suokeas demoesiaie
sugnificent chanpes i baloses sl waliting elelay comprwed to o -snckos sl e<apnens Uses o |G sevee
effects U sindy participants who smoked raditional cizaretes meinmined lnwer body mess index (BN vlnes
thoets Tt pevasp-smmaliers wnid eaclinaie c=5i garete tisers. The samkers oo sudy walked slioiter w5 while heir
gan paiems iditfered fiom non-snokers dunmg meadmll e and tey doplaved mremter postaesl ismbiliny dicing
stabilometric assessmems. - E=cigarette mers displayed miermediane ressirs because thear BAI vadnes exceaded those
ef amokas while remmiming clow o mor-smmoker levels and teir gait and balincy fest pesadts Iell betwoen Ehose of
apnkers and ies-onclers. Miliple inorire swwal mpaficn diffaoiess bepeen smmkers aml vigas wheeh
imdicaies shal che method of nicotise delivery toough combnsnn o sl devices alfecs the extent of Duotor
comol szpeirmenl. The mesearch fidmps oeed evviotion theogh enmting sciemific Beranee  and eoabisked
pliala el poméiples

The abcerved bover BRI in saodoers i comniniend with well-eomblahed meuds. Nuilesis mudies have
doaumeted ihat ourent smokers teod © weigh bess end bevre lower BA then pon-smokers of sinmlar sge [24.25].
icome i koo in seppressing appetite and increasmg reding mettbolic mie, wihich Eeely-explams why suokers
i snily, s i el Yoo lemier on averape [265], By comres, (e s-clgansie nesra il et sl this weigh-
suppresaing effscr as srongly. Ooe possibile remeot ks that sms e-Cigaene weas we foomer smokers whe may bave
gomad weight after ewstching: fom combustible cipsmeties {n commen ocommence when smoking cessahion o
peducteon allevinker picotioe’s apeawsic oifesta) E-supmefe vvere oy adjus ther picotme whkes throngh ddfeceni
itk (i o fiequem palfag verm wemiines spokiog) which reailie m raliead appaine syyaesson. The
bighey BaI observed in vapers compared o smokers could sem (o fectorns. wimelned w sootme sech as [desryple
o ety chaicee The M diffeven ce beivreen vapers and sonkers alfects maotor fimcbon becasse seall varabom
o sty BRO o s divssily Jend to gair clhanges b by Somgesinen mign ingecr Balande For istmnc,
asokers” ower body welght st give them o slggi imechosical advinmege i certaln bdanée ek (e mass to
stalrilize), bait on dee ecther hasd bewg mmiderweight or having lower mescle mass (of that soconmmpanies bower BRI
can ingenr physel paformance. In our dath, despatwe smokers being Ezhi, their balmc e was vors - mdiceimg ihat
&m B Dol wegde {netindogion] fackear) are e drmmmin caniss of dica posnuinl sitabibiry, i decissd

o

ke pait aliemsimns foamd m snckesrs - partcsiarky 3 redoced sepsmde kengd - align wath pnor research
clwirrng that smoking com detrinenrally sffesy walling patine T resan saly aunnimng gl i g adilis,
eanl= sesokers hod @ ssenifie perty shooter ride Senpiy and bower cndence conpiend te ton-aeekers of e same age
[27]. Ourr mninkers showed o sy mend of shorer steps. Hiomechamcally. & shoer siride kogth ola given cadence
ey correspoiuds o g slowe walloog speed and n mome cantions geit Indoed. smokers in other wudses oficn oxhibal
el gordl welimily el & jncioped ioehle-suppast gl (Tesping Both fest oo e gl ooger) - palfems
evpically indicriwe of reduced coefidence (n balance or lower sndiomucs. Sevenl mechanses might 2xpli oy
voung smoken nnlk dfferntly. Ome fctor is cordioremgimiony finess. Smokig, even in yomng adnhs, mpair
carthovaserlar and pulmerery fnstvon; shrome sanokars can bng oo exarsise ol sxly =g of polmcosrs
obsiroction, of peripberal ametial chenges. Dusinished serobic capacity could cavse smokiers 1o adopm o shower,
emeErvaiive gail o evoid overevertion [28.29], The analogy to petienis with mild chronx hog disense 15 pertinent -
T exmuple, inlivichials witly carlv-sage COPD (eflen cansad By ssoking) rend i walk mne sleady wul shoma
srides mmd booger suppom times tan healthy comerals [22]. In our smdy, althongh particspans wese young and
presumably free of overt disease, even mbtle reductions m nercbic fimess or muscle endorance in the smolers orght
Enve meifested a8 0 less vigoroes pait The pemonnecoly contml sysoem also plavs @ role in this process The
e neeEl vyl sepoies o sceteie o kgl W e oagh e effeers on penretransmitier redease mnil musele
ooead o b chimmic exponire [eads o recepion desensitirsmon and chamges in psotor newros exciataling: The long.
ferm elfects of nicohoe expovire opether math sysbenme mllamesti on ey came skEghf nmescle weakoyss uz the lowe
ek meTnities mind Selayed TR0 Unil reerinment im sinakos, Smoking aver T cause perpheral vecular denage
] pokaisle e oo all neuiopatay [ dangs 1o peiplierad nerves) became of pedueed blosd flon and nobaced taing
Even o nedd sevsory sewopathy @ the feet or impoensd proproception could couse smoliens 1o ke shomer, mom
gunrted seps momeinimes sinbilty. While oo stedy dbe nol directly sesess perve function, Sus hypothess is sspporied
brvevilence that smioking e comiribee 1 periplien] nevve damage v time [ 7,30 31| The serefer of ihess Mo
it smokers may unconscinkly adjust their gan o compensae fie dimimsked physical capacity or sty
feadbnck. resslting in the differences chsorved.
E-mgneette warrs, om i ofher bamnd, showed il matraes clossr bo pon-saokers, whick seggests tht many
e il smking-relaned galt deficies mmght be anvibathls i dee sdditivm] L of cotilabtes prdacts fther
micotine alone. I for nsinace, reduced smsde lemsth m smokers were legely die 1o choone hyposi o cacbon
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emanonide or exteesive axilatne dama ge Foan tar and ofber dhenueals, i stands fo reasom that & =cigaretre wmas (aho
mvoid those pargculy insdisk would b oreleimvedy spaced. The vapers i our oohort @i mot sigifcmehy &ifer from
camials i siricke Bemth lasend on o fridings. and ey cadenee and waling speed were in & e nge, Thes
conld Indicnte At meotne by g=elf (a1 the dokes obainsd via vaping) & 0ol enotglh o conse marked g ompen e
m the shorl term. Hovwesver, we shoubd mberpret this cationshy E«osgrerenie users are n heterngensons pomg — some
e ex-snikers emryving over elfects of past smolang. wherva s offwrs might b= “new™ meoiine inilinkes, Additiomlly,
SR vapers minlein et depremleiie Bl congrunb 1o sk o hiensty, mesniig ey ool cvainsily
experivnce similer plrssological tonsequences (micoline-rrven increses in beart rate and hlood presure, lesdeg o
waecilar stiffisess or gaild cypdoflelind dysfimetas (3270 The relansely pressrved gaie in e-Cig Ussrs naght siitply
redleve the shooter sy of dier meotins e (e g voapng has een popular for wer yenrsd, and rroblems conld ane
with loeper exposme. Ibis al=n possible that e-ciz users engage inmere plrysicall petivity or kealth-comssions bekmvior
el {poime nry bave swyiched fo vapmg 2 8 ks redection’”’ step o mmpmre ek shich coeld sonfound
dpsCt chiiprenizens Wil Aakes. Momstligless, i data fgilanvely Siggesl Thal condnrmssi-elaed Bokes i
cigtrenes confritese moee smougly 1o gair desersocation ithan, sicobine alone — o poant (ar aliges wirh e geoerel
undarstanding e smnking™s inpact on exerc e capecity (oo by exiensaon gasth = parmhy dve o0 g domage and
eyanenn: i wlecs:

Perlurgra the sesr iendciing differences we foumd were 5 pacnnal seability (tabllomee messoes). ¥
ndul smokers showed prester postiral swray and poorer belance conivol than nersmekers, especially m clallenging
comdilms (eg namow samee or eves closed L This findkmg i= in line with enfier shalies that have pepocied Joog-term
sathirkard luve igmured alimes, Tki o all {1 20} ohssrved thar amdd be-aped anokers el sigmitbeantly higher svay
velocilies oo Foree pladfoms et than not-snokas, indic ating more Aoy moeaaining sepdy smmee [ 13 ], They
fven moted o dose-response relationshipe heeny smokers svmyed more than bight smokers. Our shady extends this
physnation o 5 younger desogrphis. mgpeaiing S0l sixh blsncy oopammels an mamafis evwn by the thind
dezule of e o the mlavinad s b smsking stes adolescsige, The (Evsologeil arkrpmnings of reduced
pasmal sabilivy in smekers Hkely mvolve mnltple sysiems. The vestitolar sysiens is one of the cheel condisons o
babnce. and there i evadence tlat smokang candasape the inmer 2ar’s balance srgacs. Wecotine sl other chemicals
it cimigminire the tniciseiieulanion of The tmks ear; s Hme s oy besd o Vestibnder dyafierion (mmdand,
untbokers hive o higher ncidenes of g and vestitelor deonders) [33] Moot ake dracly imericts wah
vestsbelar sl corebellar patvwrvs: resanch hes shenn tha st stion of shecterie Teceors can aler vesihuss.
comar reflenes, sometiees crnsing =g and dizeioess [956]. Thos, oo nicotrs cxposre i ghi desereitine
o hvsrsmilane these baliges ppilvrays, Addilenally. simking i esscenred will degosemlio m lle pgainogd e
wysiem — for mstmce, peripheral wwmpatby & meniosed earber cm rednos sepertion. in the feer and spingd
depeneration {erveriebeal disc deterioration soceleraied by nicolineg] can affect oy feedback fom the wpme
[R5], T & stnnekoer [ots enven a sBpht loas af position wesc i e aokles oo & deboed goounal relle, mambainng
eopdein becomes mone daffenh, sqpree lafly wark eyes chos od i veven ] conmpresation b8 desavel. Another o
& cenirall iniegration: balince réquires eff:cone Uitegraiion of ssisory inpers in the cerebellun and bemestem. Chroaic
mnoking has been Inked 4o strectond sl fimcticmlchanges i the braine for esmsple., shdies bave nived fam smaokers
g erve redliged Folume m cerehe llie reps and ofhes Baiem apshd involved m monsr eoutiod [36]. 108 asilie thi
bonp-tens snoking Ewnls o mcrodansge or inflsmesanon i nel emods omeial G belance (pechaps win
owidetine stes mmd somlllovesss] ichemic effech), theochy depmdag the precioon of poshmral sdjosmenis. O
finchayg that smokars had weose stnbdity even a3 young adulé= miglt be an sardy sign of weh pemodepaemiee
prooesses. bnporiemly, this wes a cross-seononal ebservemin - longpndingd shadies vwoudd be nesded 0 oondin th
snoking precedes and caniibines 6 balance declme. bat e mesilis align vith thai iisipreiston.

Copmpraiavely, fhe e-Ciparetie uses in oy snily showed mialdey alase imgainsciis b annc shabiliessine
rects, the ol g gop performed berveas (e amekers and the non-smokers, weuenimes s clgnifl canly differess fnm
the latter. The resos mdicate that combustible smoking produces greater efects om balenee than woping dorng the
shom termn. The maim reasen for this ddfferesc e could be the liypoom: pdecing components such 15 carhan monoimde
jresend (o elgareme sncke OO rednees asne onygen deliveny 1o the bratn atd penpheal verves inn clomie manne
hver years, tis comid coese subile o fise i (eicin o ngigaelared sonl] vesed dsense) that immpairs tie cemmal
presessing of balance. E-cigsretie aepreol does ooi comdain 000 56 e-cig e avoed clrome OO0 sagsceure,
Adkaieanlly, capwemee comfain Thoesmkk: of chemicaly, maoy of which ae prumsosic {eg el atwins, aml
cadmiien have hess fad in tobacos wmidleeh Henny metids like eafasum (ahondast la elgareme smake) &
accmuulebe mul ceuse penpheral semropatln o vestibulie fooncity; e-cig vapor can coutam meetals Gom the heating
ol Crickel, dhroium), bt typically in lower groounis them cigaretie ymeke dedivers [37]. Therefone. e~ig mers oay
caperienes eas caslaive peniotic Minden Micskne el commmon o ol exposmees, wdoa®y cin sandy
disnur biiluec e — 1or insiance, both sssokers and vapers sometine s repart diznnes ofter 8 lnrge dose of nicorsee - hm
if the chrome balence deficifs in smokers were doe mestly 0 nommicomne Eaciors. it makes sense that vapers fame
beker. Monetheless. our e-cigamvtiy o dad sl noslight frend teroard - weores bedansw than pnere oo -sears [{heogh
thint v Do s samckiersh, which condd mswi thal meoting aloes doss bave sone Shienic e o poshend cooimne,
lcotine s aionan the cenml servous sysiem mighy induce subtle changes ln neflex dming or musche 1onz. There i
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woms avidence fom plermeealogical sudiss chat mieating can al¥feot cerebellar Rincvon aad delay. posrmsl redlenes
{imerestasgly, nicotioe agoeist are beimg studied for ceriein belmce Ssorders. indicating the complesaty of s
elTertsl Aniber perilsling s ded s 2-cig osers in our andy were Sl ibers (ol soakieg and sapisg) or Fams
amokers, wiech wondd camry over te hatance deficis o smobeg: We med o eelecr exclusve ecig neees, bn
umdisclosed dual use oould comfonmd the results. T amy dned users sore presest. their balance womdd peflect the nomee
of e tane habits, poknfialy svplamog whietbe e-cig grosp wam"t wticedy wormal” in stabilsty,

Fisyonsd comsparang o reults wits pieor soodies, B s isporsnt i conskler the brader liplieatings sl
possible inlepreistons ol these Gadings. Cme imepeetation = thet the neurenosen b system of voung sdéules & name
stlugiable o silsianes e be eSrnally Thoedghl, Whils wiing gopls poucrally fave a high plysiologca]
reserve. the fact that we deected clear gadt anid balence differsnces suggess th mcotine and rbaceo ae spacting
perradl comirn]l mechenisms relatively early in the exporere timefine. This Tases concemn it sach changes comld
acemuulate ood mdensify with longer durntion of ves. pekmtindly lessdeg 0o clinical balancs or gl wapainoests m
imedlife, T st sigpety @ doseorepomes celationshitp: Deaey taditiomal smeklng confered e grenst e,
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E-Cigarette Users Exhibit Stronger Cardiovascular
Reactivity than Smokers: Evidence from a Multimodal
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Bualitechiko
LrifiGhe

UCHWAER WE 3/2025

Komiajl ds. etyki badan naukowych prowadzonyeh z udzislam
ludzi
z dnia 11.03.2025 .

w sprawie wydania opinii przez Komisje ds, etyki badari naukawych prowadzenyeh
¢ wdziotérm ludzl o badaniu naukawym, opisanym we wniosku przez mgr ind. loanng Chwal
nt. , Wphyw palenia paplerosdw elektranicanych | tradycyinych na wybrane parametry
ukladu oddechowego | sercowo-naczyniowego pacjentdw, na podstawie analizy wektordw
danych, uzyskanych z rejestracjl wielomodalnych sygnaléw blomedycznych”
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Ma pnd_slauie'ﬁ §-ust. 4 pkt Zarzadzenia Nr 2092024 Rektara Politechniki Slyekie] = dnda 13 listopada 3024 .
w sprawic powaslanin | 2asad delataniy Komibs)l ds. etyld badad mankawyeh prowsdeonyeh e udsiabern halzi, Komisia
s otyki badari navkovench prowadsonyeh @ odziztem ludss pestanawia, oo nastepuaje:

&1
Kemisjs prtwierdea spelnienie warunkiw izeteledel Sadawene) | wynsogbw etyeeiyeh stawianyeh Badaniom
naukowym,
Eammisia wyraia pozyvtywna opinig oo temat badanks paukowego 2 udgialens ledei, apizanego prees Panig mar ing,
Joarng Chwal afiliocwnng prey Wspdinef Szkole Doktorskie] deiaiaggee) prey Palitechnice Slaskie] orae pray
Akademii Slaskied, Katedrae Ingvinderii Klinlezns|, wewiinsku % dnis 05.03.2025 1,

B2
Uchwala wehodzl w dycle 2 dilem poijeca,

Preevodniceqes Fomisjl
ds. etyli badef naukovych
pronwaclzonych z udziabenn ludz]

Podpisata Katarzyna Krukiewicz
(podpis odreczny)

Gliwice, 14.03.2005 r.
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Oswiadczenia wspotautoréw publikacji

Zgodnie z obowiazujacymi zasadami dotyczacymi rozpraw doktorskich przygotowanych
w formie cyklu publikacji, do kazdej pracy wchodzacej w sklad niniejszej rozprawy zostaty
sporzadzone 1 podpisane przez wszystkich wspotautorow oswiadczenia dotyczace wkladu
merytorycznego. O$wiadczenia, obejmujg szczegdlowe wyszczegolnienie rol autorskich, takich jak:
konceptualizacja, metodologia, oprogramowanie, walidacja, analiza formalna, badania, wizualizacja,
opracowanie oryginalnej wersji manuskryptu, recenzja i edycja manuskryptu oraz nadzér naukowy.
Dodatkowo, w kazdym o$wiadczeniu wskazano procentowy udzial doktorantki w powstaniu danej
publikacji. Wktad ten zostat okreslony przez wspotautoréow i potwierdzony ich wilasnorgcznymi
podpisami.
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Oswiadczenie wspdotautorow publikacii
Niniejszym ofwiadczam, 2e w publikacji:

Chwal Joanna, Filipowska Anna, Amonowicz Magdalena, Lisicki Dawid, Kostka Pawel, Doniec

Rafal, “Elemental Composition of Vaping and Smoking Aerosols: Influence of Liquid Type and Tank
Conditions™

whlad merytoryezny autordw wygladal nastepujaco:

* Konceptualizacia: Joanna Chwal, Anna Filipowska, Magdalena Antonowicz, Dawid Lisicki,
Pawel Kostka

Metodologia: Joanna Chwal, Anna Filipowska

Oprogramowanie: Jeanna Chwal

Walidacja: Joanna Chwal, Rafal Doniec

Analiza formalna; Joanna Chwal, Anna Filipowska, Magdalena Antonowicz

Badania: Joanna Chwal, Anna Filipowska, Magdalena Antonowicz, Dawid Lisicki, Pawet
Kostka

Wizualizacja: Joanna Chwal

Opracowanie oryginaingj wersji manuskrypiu: Joanna Chwal, Anna Filipowska, Magdalena
Antonowicz, Dawid Lisicky, o’ wogiky

Recenzja i edycja manuskrypo oanna Chwal, Anna Filipowska, Magdalena Antonowicz,
Dawid Lisicki, Pawel Kostka, Raby Doniec

» Madzdr: Magdalena Antonowicz, Dawid Lisicki, Pawel Kostka, Rafal Doniec

Procentowy whkiad autorski Joanny Chwal wynosi $0%.

Imieg i nazwiske wspitautora Data | podpis wspdlautora

— i

Joanna Chwal

Anna Filipowska

Magdalena Antonowicz Podpisy autoréw (podpisy ztozone odrecznie)

Dawid Lisicki

Pawel Kostka

Rafal Doniec
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Oswiadczenie wspbiautordw publikasii

Mimigjerym afwindemm, s ow pubilikacyic

Chaal Joanna, Filipowsks Amna, Amonowics Magdalenn, Lisicks Dawid, Kosto Pawel, Doniec
Kaisd, “Elemenml Composiien of Vamng aisd Smoking Acrosois; Influcnce of Liquid Typs and Task
Comditsans™

whhad memnaneeany milorw wyplqdd ensigpumeo

B3 4 & 0

o

Konceplualisnga Josana Chwal, Anno Fitipowsks, Magdalens Antanowice, Dawid Liscid,
Pawal Bosika

Metmbalogia faaena Chwal, fnns Filipowska

Diprogramowance’ Joanna Chwal

Whalreia hvamna Cheal. Ralal Bondes

Analizg fonsulng Joanna Chwal, Anns Filipowsis, Magdakea Ansanowscs

Badania. Jeanig Cliwal, Anne Filspowska, Magdaléea Amomowice, Duwid Lisicki, Pawel
Kasika

Wimmbuacie: Jeannn Chwail

Opracowanie eryp=abee) werspl manuskrypis Joonna Cowal, Asna Filipowska, Maogdaleas
Amosowice. Dawid Lssickl, Pawcel BKostha

Heroowia | odvols mammskyplie Jomrane Chwal, Anna Filipowska, Magdolean Antonowice,
Drawnd Lasecka, Pawel Kosika, Palsl Donice

Madeor Magdalcna Aniorsowece, Dewid Lisscho, Pawel Koscka, Ralall Donec

Iy | marwiska wapéuninen Widad pruceniony
tannna Chwal L
Anea Filipowska e,
" Mapdalena Aniosowsce 10e
D Lizsk LA :
Pawuk Ralaa o T
Ralfal Domice ¥
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odreczny)

Podpisata Joanna Chwat (podpis
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Os$wiadczenie wspétautoréw publikacji
Niniejszym ofwiadczam, *e w publikacji:

Chwal Joanna. Dzik Radoslaw, Banasik Arkadiusz, Tkacz Ewaryst, “Comparative Pharmacokinetics
of Micotine from E-Cigarettes and Traditional Cigarefies: A PBPK Modeling and Machine Learning
Approach”

widad merytoryezny atordw wygladal nastepuigeo:

Konceptualizacia: Joanna Chwal

Metodologia: loanna Chwal, Radostaw Dzik

Opragramowanie: Joanna Chwal

Walidacja: Joanna Chwal, Radostaw Dk

Analiza formalna: Joanna Chwal, Arkadiusz Banasik

Badania: Joanna Chwal, Radoslaw Deik, Arkadiusz Banasik

Wizualizacia: Joanna Chwal

Opracowanie oryginalne) wersji manuskryptu: Joanna Chwal, Radostaw Dzik
Recenzja i edycia manuskrvpiu: Joanna Chwal, Radoslaw Dzik, Arkadiusz Banasik, Ewaryst
Tkacz

o Madzdr: Ewaryst Tkacz

Procentowy wklad autorski Joanny Chwal w0 55%,

Imig i nazwisko wspdlautora Data i podpis wspalautora

Joanna Chwal

Radostaw Dzik

Podpisy autoréw (podpisy ztozone odrecznie) i

Arkadiusz Banasik

Ewaryst Tkacz q
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? eSS Q0 A8 DD

Oswiadezenie wspolautordw pu blikacji

Minscjsoym odwiascrane hew publikaci

E\h-!l Joamna, Dk Rndorslaw, Barask Arkadnie, Thoce Ewarysl, "Compemiive Pharmacokinciicy
of Hlml'n:n from E-Cigarciies and Traditewal Cigaremes. A PRPK Madeling and Machee Leaming

Approach
whlad merytoryeny auordw wygladal NI BEn:

Komceptualuacin: s ool

Meiodoloza foanna Chwal, Radostaw Geik
Opragamasanie: Jnsssn Chwal

Wdidacia: Joamna Chwal. Radogiaw Dok

Amaleza feradra: Joanna Cawad, Arkadise Bamasik

Bidania: Josmnn {hwal, Radostaw Dk, Arkadissr Basasik

Wiamlizagia. ;anna Chival

Opraceuanie orypinalig weorsi manuskrygen: Joanna Chwat, Radoskaw Drik
Recensa 1 edyoa manuskrypen; Joanna Clwal, Radoskw Dieik, Arkadi: Basasik. Ewaryst

Thaet
o Madeir Ewaryst Thacs
Imig | marwlskn wapilaninre Whiad proceainwy
Ianng Choal Nt
B Radoshw Chak G
Arkadiusr Banasik I
Evwarym Thace 114

Podpisata Joanna Chwat (podpis odreczny)

/ Poudpis prrwsecso ausar



Oswiadczenie wspoétautordéw publikacji

Miniejszym oswiadczam, ze w publikacji:

Chwal, 1. Dzik. R., Banasik, A, Pantak, P, Tkacz. E. “Physiclogically-Based Pharmacokinetic

Modeling of Nicotine: Comparative Analysis of E-Cigarettes and Traditional Cigarettes Across Health
Conditions™

whklad merytoryezny auterdw wygladal nastgpujaco:

Konceptualizacja: Joanna Chwal

Metodologia; Joanna Chwal, Radoslaw Deik, Piolr Pafiak
Oprogramowanie: Joanna Chwal

Walidacja: Joanna Chwal, Radostaw Dzik

Analiza formalna; Joanna Chwal, Arkadiusz Banasik

Badania: Joanna Chwal, Radoslaw Dzik, Arkadiusz Banasik

Wizualizacja: Joanna Chwal

Opracowanie oryginalnej wersii manuskryptu: Joanna Chwal, Radoslaw Dazik

Recenzia 1 edycia manuskryptu; Joanna Chwal, Radoslaw Dzik, Arkadiusz Banasik, Piotr
Pantak, Ewarvst Thacs

Madzor: Ewarvst Thace

Procentowy wklad autorski Joanny Chwal vvaes 60%.

Imie i nazwisko wipidautora Data i podpis wspdlautora
= p———

Joanna Chwal

Radoslaw Dk
Arkadiusz Banasik Podpisy autoréw (podpisy ztozone odrecznie)

Pioir Pantak
Ewaryst Thacz
—
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Oswiadczenic wspatautorow publikacii

Nemizjerym pdwmdcan, s w pablikaci

Chaal. |. Dok R, Bamasik, A Pofal, P, Thacs, "Pysologically -Hesed PRarracokicenc
Modeling ol Micotine: Comparative Anabysis of E-Cigarenes snd Traditional Cagarenies Acrogs Heith
Comdilices™

wklnd meramncamy auceiea wy pladal masiepujgen

ToRD oa. e e

a

Koncepruabimaa foanm vl
Meicdolopin: o Chaal, Badpslaw [Daik, Pior Ptk

Oipragramowanic Wseen Chaal

Wahdsce: Jeanna Chwal Radeslrs Dk

Armlia famaalea Joanna Chisal, Arksdnee Banank

Badania: Joanna Uhwel, Radoslaw Dieik, Ak sdivse Banasit

Wismalirasa: haanna Chvwsl

Crpracowanie orypinalne wersjs sumssirypns: Jaanna Cheesl, Radoshaw Deik
Beecnsin « edycin manuskryon: Josess {lwal BRadoskaw Dk, Ackndiusy Banasd, Piolr
Panmk, Ewirva Tkace

Madrar: Enanve Thace

Imidg | prwisko wipdisuinm Whilall prcencowy {
Inanns Chwsl L
Radoshaw Daik 155
Arkadiuge Banzok li¥%g
Pesrir Patiak _Illl‘."-
Ewarvm Thacy i

Podpisata Joanna Chwat (podpis
odreczny)

g/- Fodpis prerwarcgn aumors



Oswiadczenie wspotautoréw publikacii
Niniejszym ofwiadczam, 2e w publikacji:

Chwal, J., Dzik, R.. Banasik. A.. Tkacz, E. “A Computational Mode! of E-Cigarette Coil Degradation:
Simulating Thermal and Material Dynamics and Their Impact on Health”

wiilad meryioryezny autordw wygladal nastepujgco:

Konceptualizacia: Joanna Chwal

Metodologia: Joanna Chwal, Radostaw Dzik

Oiprogramawanie; Joanna Chwal

Walidacja: Joanna Chwal, Radoslaw Dzik

Analiza formalna: Joanna Chwal, Arkadivsz Banasik

Badania: Joanna Chwal, Radoslaw Dzik. Arkadiusz Banasik

Wizualizacja: Joanna Chwal

Opracowanie oryginalne] wersji manuskryptu: Joanna Chwal, Radosiaw Dzik

Recenzia 1 edycja maneskryptu; Joanna Chwal, Radoslaw Dzik, Arkadiusz Banasik, Ewaryst
Thkacz

»  Madzor: Ewarvst Tkacz

Procentowy whkiad autorski Joanmy Chwar o voos 60%,

Imig i nazwisko wspdlautora Data i podpis wspélautors
S
Joanna Chwal
Radosiaw Dzik
Podpisy autoréw (podpisy ztozone odrecznie) ¥
Arkadiusz Banasik
Ewaryst Thacz
e
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Oswiadczenie wspotautordw publikacji

Mimicisrym odwiadcram, iz w pualikacii

Cheesl, 1 Dpik, B, Banasik. & Thaes B “iC
. E A Computs
hulahnﬂﬁtﬂimﬂhﬂmllﬁmﬁnﬂhl

widad meiyviorycemy auion wvgladal pasigpugioo:

Koweepiualvaca: M Chval

Memdalowa’ kanra Chwal, Radoslaw Drik
Cipogramawamic Sownng Chuai

Welidaoa: Joanna Chwad, Radostaw Dk

Anabiza formalna Jeanna Cliwal, Akadives Banasik
Badamis Joanng Chwal, Badoslaw Dok Arkadius Bangsik

Wirmalizaciz: Joania Chwal

S oD o &8 a0

Thacs
& Madear Ewaryss Thace

innal Moded of E-Cipeeiie Coil Degradaion
mpskct on Heakh” '

'Dprm_-inin aryginilne wersy) masmrknpi’ Jeanna Chowal, Rodoslaw Dreil
Ricenzin i edviin manudknpe’ bssss Chival, Radeslyw Dk, Arkmdins: Bamsik, Ewarys

il | it ki wosgdlam s Wiisd proceminmy
Jonna Choaal [
Radoskyw Dhaik 1 5% 1
Arkadiuss Banasik %
Esvarysl Thacs 1%

Podpisata Joanna Chwat (podpis
odreczny)

/lem:.mtm



Oswiadczenie wspotautoréw publikacji
Minmigjszym oswiadczam, #e w publikacji;

Chwal, )., Banasik, A., Dzik. R.. Tkacz. E. "Oplimizing Smoking Cessation Alternatives Using
Multi-MOORA and Al-Bazed Methods™

whiad mervioryczny autorow wygladal nastepujgeo:

Konceptualizacia: Joanna Chwal

Metodologia: loanna Chwal, Arkadiusz Banasik

Oprogramowanie: Radoslaw Dzik. Joanna Chwal

Walidacia: Joanna Chwal, Radostaw Dzik

Amnaliza formalina: Jeanns Chwal, Arkadiusz Banasik

Badania: Joanna Chwal, Arkadiusz Banasik, Radoslaw Dzik

Wizualizacja: Joanna Chwal

Opracowanie orvginalne] wersji manuskrypiu; Joanna Chwal, Arkadiusz Banasik

Recenzja i edycja manuskrypru: Joanna Chwal, Arkadiusz Banasik, Radoslaw Dzik, Ewaryst
Tkacz

¢ Nadzor: Ewaryst Tkacz

Procentowy wkilad autorski Joanny Chwal wvines; 10946,

Imig i nazwisko wspilautora Data i podpis wspdlautora
Joanna Chwal
Radoslaw Dirik
Podpisy autoréw (podpisy ztozone odrecznie) =~
Arkadiusz Banasik
Ewarvst Thacz
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Oswiadczenie wspdlautorow publikacyi

Minbejerym cewinderam, o w pankikaci:

Chwal, 1. Banasik, A, Dvik. R., Thace, £ “Opomizing Smoking Cessation Ahematives Using
Mobalti-MOCRA and A -Baed Meihods™

witlad meryioncmy aneriw wyglydal nasigujgco;

Kancepienliesca: Joamna { sl

Mpicdologay: kunen Chwal, Adediuge Hanassl

Uipropramowzsie. Kadoslrs Dweik, Jossrma Chiwal

Walidecja' Joanns Cliwasl, Rndoslive: Dirik

Amalen ol Joanna Chaal, Arksdinse Bamsik

Bachina: Joanna Chaal, Arkadivse Danzsll, Radslaw Dok

Wisualiscia' Joarea Chal

Oiprncosanic orvginabee] wers) mamsknpt: fomwa Chwal, Arkadiusz Bansik
Recenaa 1 edycis manuikiyphe Joanma Chwal, Arkadinse Banasik. Hadostre Drik. Ewarysi
Thace

& hpdede Bwaress Thacr

B g ada a s g

Iy i naav bskin weipddautora Whisd! proce miwwy
Teanna Chwal 4
Radnabyw Diask el |

Askadiew Banasik iy
Ewaryss Tha# 18

Podpisata Joanna Chwat (podpis odreczny)

2 Fopes pierwascge outars
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Oswiadczenie wspoétautorow publikacji

Ninigjszym oswiadczam, 2e w publikacji:

Chwal, 1., Dzik, R., Banasik. A., Piotrowski, K., Wawryszczuk, M., Zapotocany, M., Kempa, W. M.,
Pikiewicz, P.. Thacz. E. *Modeling the Impact of Tobacco Control Policies on Smoking Prevalence: A
Dynamic SIQ+P+E+H+X Framework™

whiad merytorycany autordow wygladal nastepujaeo:

Konceptualizacja: Joanna Chwal

Metodologia: Joanna Chwal, Arkadiusz Banasik, Karol Piotrowski

Oprogramowanie: Joanna Chwal, Karol Piotrowski

Walidacja: Joanna Chwal, Radostaw Dzik, Mateusz Zapoloczny

Analiza formalna: Joanna Chwal, Arkadiusz Banasik, Marein Wawryszezuk

Badania: Joanna Chwal, Arkadiusz Banasik, Radostaw Dazik

Wizualizacia: Joanna Chywal

Opracowanie oryvginalne] wersji manuskrypiu: Joanna Chwal, Arkadiusz Banasik, Radoslaw
Dazik

Recenzia | edyeja manuskrypiu: foanna Chwal, Arkadiusz Banasik, Radostaw Dzik, Ewaryst
Thacz

Nadzor; Fwarvst Tkacz

Procentowy whkiad amorski Joanny Chwal winosi 40%.

Imig i narwisko wspalautora Data i podpis wspdlautora

— - — _m——

Joanna Chwal

Radosiaw Deik

Arkadiusz Banasik

Karol Piot ski Podpisy autoréw (podpisy ztozone odrecznie)

Marcin Wawryszczuk

Mateusz Zapoloczny

Waojciech M. Kempa ]
Piotr Pikiewicz ]
Ewaryst Tkace + K
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Oswiadezenie wsndlautorow publikacji

Ninkeserym ofwisdcram, se w publikac)i

?h-:: : Ed:u,:-:' artssk, A, Matrowshi, K. Wamcysecruk, M., Zapawczny. M., Kempa, W M,
1 e F, ¥ E “Ml-'dlﬂll! the mpaci ol Tohacce Conwol Palic 5 s '
Dhymamic SIOHP=E4H+X Framewerk™ Icics on Smaking Prevalence: A

whilad menyioncem amorw wglydal neslgpug oo

$.% B 0 o'aaa

o

Kocepimbracs: haarma Chwal

Metodologin' Joansa Chwal, Arkadiuse Bamick, Kool Piarowski

Oprogramowanic: Jaanng Cbwal, Karol Podrewsks

Walidagia Jomms Chanl. Raddstaw Dk, Maleisr apoioesy

Amaliza fommalng: josnea Chwal, Arkedivgs Banask, Marcin WepaTiaalruk

Badamin: josrma Chewnl. Arkodies Dongsik. Radoslaw Divik

Wismmleacia: Joanma Chwal

Drmn : wanle orygmalng wers) menuikeypia. bopena Chwal, Arkadisss Bamasik, Radaskw
£1

1]1:::&;- i edyejd maniskrypud Joanns Chwal, Adadiess Basasik, Rodpsbis Dk, Ewarym

W
Mokt Ewarvei Thacx

imég | marwisko wapilanines Whilad proceniowy
Joanna Chaal )
Radeshow Diriki 5%, -
Auricadiusy Barasik 112
Karol Protrowshs L)1
Marcin Wrarysecruk 5,
Pzezwse Fapoiocmy T
Woerech M. Kempa M
Matr Piboraige 5
Ewnrya Thacr (118

Podpisata Joanna Chwat (podpis odreczny)

/I’ﬂdphumwm



Oswiadczenie wspolautoréw publikacji
Niniejszym odwiadezam, ke w publikacji:

Chwal, 1., Banazik, A., Dzik, R., Tkacz, E. “Markov Model Simulation of Nicotine Addiction and the
Effectiveness of Micotine Replacement Therapy (NRT)™

wklad mervtorvezny anordw wygladal nastepujgeo:

Kaonceptualizacia: Joanna Chwal

Metodologia: Joanna Chwal, Arkadiusz Banasik

Oprogramowanie: Toanna Chwal

Walidacja: Joanna Chwal, Arkadiusz Banasik, Ewaryst Tkacz

Analiza formalna; Joanna Chwal, Radoslaw Dzik

Badania: Joanna Chwal, Arkadiusz Banasik

Wizualizacja: Joanna Chwal

Opracowanie oryginalnej wersji manuskryptu: Joanna Chwat, Arkadiusz Banasik, Radostaw

Dzik

* Recenzja i edycja manuskryptu: Joanna Chwal, Arkadiusz Banasik, Radoslaw Dzik, Ewaryst
Thacz

& MNadzor: Ewarvst Tkacz

- & & ® & & & W

Procentowy whiad autorski Joanny Chwal wynos: 359,

Imig i nazwisko wspilautora Data i podpis wspolautora
Jpanna Chwal
—
Fadoslaw Dzik
Podpisy autoréw (podpisy ztozone odrecznie) -

Arkadiusy Banasik

Ewaryst Tkacz =

il
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Céwiadezenie wspolautordw publikacii

Nimicjszym odwuadosam, mww pubivkac)y;

Chual, [, Bangsih A Dk, B Thacs ¥ “Markoy Modgl i
e igiiapelo: Semulaies of Micoure Addicuon snd ihe

wkind meTvionecmy auioriw wypladal NIV pLRCy.

kemcepiualisacia Joanng Chwal

Metadalopin. feanma Chwal, Arkadis: Banasik

Omagiamewanie leanna Chwal

Walidnow Moosea Chwal, Arksdiiss Basaslk Ewaryst Thace

Amabiza frmaing Jnese (Swal, Radesbie Dol

Hladanm: hoanmd Uzl Arkadhuss asasdk

Wimabona lnaaas Chwal

Ep:unwm oy ginalngg wers| massskrypeo: Sensa Chwal, Arkadiuse Banasie Radoshys

e :I,_:rmm | edvepn mamskrvpiu; Jonnm Chwal, Arkedinss Basged, Radastaw Drik, Ewarysi
s

o Nadir Ewarvsi Thacs

S 0.8 800 3

Bmily | marw bk wapdlauznry Wictad jprocemmmwy
Moty Chwall 5
Radpatasw {31k i,
Arkadien: Bassad HE
[ Fwarys Thaes i

Podpisata Joanna Chwat (podpis odreczny)

II,..r" Pasipis pierus sego suinm
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Oswiadczenie wspotautoréw publikacji

Niniejszym oswiadczam, e w publikacji:

Chwal, 1., Kostka, M., Kostka, PS., Dzik, R, Filipowska, A., Doniec, R, "Analysis of Demographic,
Familial, and Social Determinants of Smoking Behavior Using Machine Learning Methods"”

wklad merytoryezny autordw wygladal nastepujgco:

Konceptualizacja: Joanma Chwal, Malgorzata Kostka, Pawel 5, Kostka

Metodologia: Joanna Chwal, Malgorzata Kostka

Oprogramowanie: Joanna Chwal

Watidacja: Joanna Chwal, Rafal Doniec

Analiza formalia: Joanna Chwal, Malgorzata Kostka

Badania: Joanna Chwal, Malgorzala Kostka

Wizualizacja: Joanna Chwal

Opracowanie orvginalngj wersji manuskryptu: Joanna Chwal, Malgorzata Kostka, Pawel 5.
Kaostka

Recenzja i edycja manuskryptu; Joanna Chwal, Malgorzata Kostka, Pawel 5. Kostka,
Radostaw Dzik, Anna Filipowska, Ratal Doniec

Madzor: Pawel 8. Kostka, Radoslaw 127ik, Anna Filipowska, Rafal Doniec

Procentowy wkiad autorski Joanny Chwat wy s 801%.

Imig i narwisko wspdlautora Data i podpis wspdlautora
. P
Joanna Chwal
Malgorzata Kosika

Pawel S. Kosika

Podpisy autoréw (podpisy ztozone odrecznie)

Radostaw Dzik

Anna Filipowska

Rafat Domec
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Oswiadczenie wspéiautorow publikacti

Ninicjsrym odwaderam, a2 w publikacy:

Chrwal, J, Kosika, M., Kostkn, PS., Dk, & Frlipowska, A, Dvniee, B Analysis of Demograghis,
Familial, and Socval Detcrmiranas of Seking Rchmyior Uhirg Machene Lezming Methods™

whlad menyiorve sy ouimrdw wyglydal nasippges

8 8 9 ¥ 0 Q.6

Konceptuslizacin: Joanng Chwal, Malgoesain Kosthn, Pawel 5 Kostka

Metadofopa. Joanea Chwal, Molgorsaia Kosika
Oprogramawanic Joaneg Chwal

Wihelacyn: loamna CBwal, Ramt Donies

Analisa formalng: koanna Chwal, Melporesis Kotk
Bndnnia: Jesanna Chwal, Malgoreats Kestka
Wirsilisacia: Joanna Chwal

Upracowanic oryginalaey wersji imanuskyple Joasns Chwad, Malgorezn Kosika. Pawel §

Bl

Recoman o odycia mamskrypuo Jeanea Chwal, Malgoresss Kostka, Pawdl 5 Kosika,

Radosiow Diik, Ania Filipowsks. Rafd Doose:

Madadr Pawet S Kasika, Radoslaw DAk, Anng Filipereska, Rafal Donec

imdc | mawikn wapiiaiiera Whkisd procestowy
Jiamaa Chaal s,
i jpowsmia Kosikn 11#
Pawel 5. Kosika 1%
Hadilie ik o
Anm Fiipowskn o
Ralf Ninnece i

Podpisata Joanna Chwat (podpis odreczny)
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Oswiadczenie wspotautoréw publikacii

Ninigjszym odwiadczam, #e w publikacji:

Chwal Joanna, Zadon Hanna, Szaflik Piotr, Dzik Radoslaw, Filipowska Anna, Doniec Rafal, Kostka
Pawel, Michnik Robert, “Bedy Composition and Metabolic  Profiles in Young Adults:
A Cross-Sectional Comparison of People Who Use E-Cigarettes, People Who Smoke Cigarettes, and
People Who Have MNever Used Nicoting Products”

wkiad merytoryezny sutordw wygladal nasigpujaco:

Koncepiualizacja: foanna Chwal. Hanna Zadon

Metodologia: Joanna Chwal, Hanna Zadon, Anna Filipowska, Piotr Szaflik
Oprogramowanie: Joanna Chwal, Radoslaw Dzik

Walidacja: Rafal Deniec, Robert Michnik, Pawel Kostka

Analiza formalna: Joanna Chwal, Pawel Kostka

Badania: Joanna Chwal, Hanna Zadof, Anna Filipowska, Piotr Szaflik
Lasoby: Hanna Zadon, Piotr Szaflik, Anna Filipowska, Joanna Chwal
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Zyciorys Autorki

Mgr inz. Joanna Chwat w pazdzierniku 2015 roku rozpoczeta studia inzynierskie na Wydziale
Inzynierii Biomedycznej Politechniki Slaskiej w Zabrzu, na specjalnosci Informatyka i Aparatura
Medyczna. W styczniu 2019 roku uzyskata tytul inzyniera, a nastgpnie kontynuowata nauke na
studiach magisterskich na tym samym wydziale, wybierajac specjalno$¢ Przetwarzanie i Analiza
Informacji Biomedycznych. W lipcu 2020 roku obronita prace magisterska, uzyskujac tytut magistra
inzyniera. W pazdzierniku 2020 roku rozpoczgta ksztatcenie w ramach Wspodlnej Szkolty Doktorskiej
Politechniki Slaskiej w dyscyplinie inzynieria biomedyczna, realizujac rozprawe doktorska pt.:
»Wplyw palenia papierosow elektronicznych i tradycyjnych na wybrane parametry ukladu
oddechowego 1 sercowo-naczyniowego pacjentow, na podstawie analizy wektoréw danych,
uzyskanych z rejestracji wielomodalnych sygnalow biomedycznych”, pod opieka promotora dr. hab.
inz. Pawta Kostki, prof. PS oraz promotora pomocniczego dr. hab. inz. Rafala Donca.

Doktorantka jest autorka i1 wspolautorkg publikacji naukowych, w tym artykutow
w czasopismach z listy JCR, rozdziatow w monografiach oraz wystapien konferencyjnych krajowych
i miedzynarodowych. Do jej dorobku nalezg m.in. prace w czasopismach Healthcare, Journal of
Clinical Medicine, Applied Sciencs oraz w wydawnictwie Springer, dotyczace m.in. modelowania 3D
w medycynie, analizy sygnalow biologicznych oraz wykorzystania algorytméw uczenia
maszynowego w diagnostyce i1 profilaktyce zdrowotnej. Brata udziat w licznych konferencjach
naukowych, takich jak International Summer School on BioX (Chania, Grecja), 6th Polish Conference
on Artificial Intelligence, NBC & PCBBE, czy MaST & Majowka Mtodych Biomechanikow.

Doktorantka prowadzi zajecia dydaktyczne w jezyku polskim i angielskim z zakresu
inzynierii biomedycznej. Byta promotorem pomocniczym pracy dyplomowej oraz sprawowata opieke
nad projektami studenckimi, w tym nad inicjatywa ,,Silesian Wheels” w Studenckim Kole Naukowym
Biomechatroniki ,,BIOKREATYWNI”. Aktywnie angazuje si¢ w popularyzacje nauki, m.in. poprzez
prowadzenie korepetycji dla studentow, reprezentowanie Wydziatu Inzynierii Biomedycznej podczas
wydarzen otwartych Politechniki Slaskiej, a takze zdobywajac III miejsce w konkursie Three Minute
Thesis® w 2021 roku. Jej dorobek obejmuje takze dziatalno$¢ recenzencka — wykonata pie¢ recenzji
dla czasopism Quantitative Imaging in Medicine and Surgery (QIMS) oraz SAGE Digital Health.
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