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SUMMARY

Tobacco cigarette smoking continues to be the global
leading cause of morbidity and mortality. Despite the
awareness of its grave consequences, smokers find it
extremely challenging to quit the addiction. A human-
centric approach is crucial to fight against tobacco harm.
Eventually, the global landscape of smoke-free alternative
tobacco products like tobacco heating systems, electronic
cigarettes, nicotine pouches and snus have significantly
evolved. Unlike conventional cigarettes, these products
except snus and nicotine pouches utilize heating instead of
combustion, generating a less toxic aerosol. This mitigates
the development of chronic obstructive pulmonary disease,
lung cancer, cardiovascular and periodontal diseases. This
review article elaborates the effectiveness, benefits and
potential harm reduction of smoke-free alternative tobacco
products associated with smoking cessation, biomarkers of
exposure and health-related diseases in comparison to
tobacco cigarettes. The controversial debate and related
concerns of abuse liability and addiction among youth by
smoke-free alternative products is explored. Creating
awareness and management through better regulatory
policies is crucial. [Contrib. Tob. Nicotine Res. 34 (2025)
164-178]
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ZUSAMMENFASSUNG

Das Rauchen von Tabakzigaretten ist nach wie vor welt-
weit die haufigste Ursache fiir Morbiditdt und Mortalitét.
Trotz des Bewusstseins fiir die schwerwiegenden Folgen
fallt es Rauchern dullerst schwer, sich von ihrer Sucht zu
befreien. Ein humanorientierter Ansatz ist entscheidend fiir
die Bekdmpfung der schéddlichen Auswirkungen des
Tabakkonsums. Im Laufe der Zeit hat sich das globale
Angebot an rauchfreien Tabakalternativen wie Tabak-
erhitzer, E-Zigaretten, Nikotinbeutel und Snus erheblich
weiterentwickelt. Im Gegensatz zu herkommlichen Ziga-
retten werden diese Produkte mit Ausnahme von Snus und
Nikotinbeuteln nicht verbrannt sondern erhitzt, wodurch
weniger giftige Aerosole entstehen. Dies mindert das
Risiko flir chronisch obstruktive Lungenerkrankungen,
Lungenkrebs, Herz-Kreislauf-Erkrankungen und Parodonti-
tis. Dieser Ubersichtsartikel befasst sich mit der Wirksam-
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keit, den Vorteilen und dem potenziellen Schadenmin-
derungsbeitrag rauchfreier alternativer Tabakprodukte im
Zusammenhang mit der Raucherentw6hnung, Biomarker
der Exposition und gesundheitsbezogenen Erkrankungen
im Vergleich zu Tabakzigaretten. Die kontroverse Debatte
und die damit verbundenen Bedenken hinsichtlich des
Missbrauchspotenzials und der Suchtgefahr bei Jugend-
lichen durch rauchfreie alternative Produkte werden
untersucht. Aufkldrung und Steuerung durch bessere
Regulierungsmalnahmen sind von entscheidender Bedeu-
tung. [Contrib. Tob. Nicotine Res. 34 (2025) 164—178]

RESUME

Le tabagisme reste la principale cause mondiale de morbi-
dité et de mortalité. Malgré la prise de conscience de ses
graves conséquences, les fumeurs ont beaucoup de mal a
se débarrasser de leur dépendance. Une approche centrée
sur ’humain est essentielle pour lutter contre les méfaits du
tabac. Finalement, le paysage mondial des produits du
tabac sans fumée, tels que les systémes de chauffage du
tabac, les cigarettes électroniques, les sachets de nicotine
et le snus, a considérablement évolué. Contrairement aux
cigarettes conventionnelles, ces produits, a I’exception du
snus et des sachets de nicotine, utilisent le chauffage plutot
que la combustion, générant ainsi un aérosol moins toxi-
que. Cela atténue le développement de maladies pulmonai-
res obstructives chroniques, de cancers du poumon, de
maladies cardiovasculaires et parodontales. Cet article de
synthése examine 1’efficacité, les avantages et la réduction
potentielle des risques des produits du tabac sans fumée
associés au sevrage tabagique, les biomarqueurs d’exposit-
ion et les maladies liées a la santé par rapport aux cigaret-
tes traditionnelles. Il explore le débat controversé et les
préoccupations liées au risque d’abus et de dépendance
chez les jeunes par les produits du tabac sans fumée. Il est
essentiel de sensibiliser le public et de mettre en place une
gestion efficace grace a de meilleures politiques réglemen-
taires. [Contrib. Tob. Nicotine Res. 34 (2025) 164-178]

ABBREVIATIONS

AL Attachment loss

BoE Biomarkers of exposure

BoP Bleeding on probing

BoPH Biomarkers of potential harm

CC Combustible cigarette

CEMA 2-Cyanoethyl mercapturic acid

CcO Carbon monoxide

COHb Carboxyhaemoglobin

COPD Chronic obstructive pulmonary disease
CVD Cardiovascular disease

EC Electronic cigarette

ENDS Electronic nicotine delivery systems
EPFRs Environmentally persistent free radicals
EVP Electronic vapor product

FEV1 Forced expiration volume

HnB Heat not burn

HPHCs Harmful and potentially harmful constituents
HTP Heated tobacco product

IQOS I quit ordinary smoking

ITT Intention to treat

MBL Marginal bone loss

MHBMA  4-Hydroxy-2-buten-1-yl-mercapturic acid

NGP Next-generation nicotine-delivery product

NNAL 4-(Methylnitrosamino)-1-(3-pyridyl)-1-
butanol

NNN N’-Nitrosonornicotine

NRT Nicotine replacement therapy

NS Never smokers

NTV Novel tobacco vapor

PAHs Polycyclic aromatic hydrocarbons

PD Probing depth

PI Plaque index

PM Particulate matter

RCT Randomized clinical trial

sICAM-1 Soluble intercellular adhesion molecule-1

S-PMA S-Phenylmercapturic acid

TAR Tobacco aerosol residue

TC Traditional cigarette

TG Triglyceride

THC Tetrahydrocannabinol

THP Tobacco heating products

THS Tobacco heating systems

TPM Total particulate matter

TS Tobacco smoking

TSNAs Tobacco-specific N-nitrosamines

UBC Usual brand combustible cigarette

VOCs Volatile organic compounds

WBC White blood cell counts

4-ABP 4-Aminobiphenyl

2-AN 2-Aminonaphthalene

3-HPMA 3-Hydroxypropyl mercypturic acid

8-epi-PGF  8-Epi-prostaglandin F2

11-d-TXB2 11-Dehydrothromboxane B2
2,3-d-TXB2 2,3-Dinor thromboxane B2

1. INTRODUCTION

Tobacco cigarette smoking is a hazardous method of
delivering nicotine and a major cause of death, posing
global health challenge (1). There is a worldwide preva-
lence of approximately 1.18 billion people who regularly
smoke tobacco accounting for almost 7 million fatalities per
year (2020) (2). According to the global burden of diseases,
injuries, and risk factors study, around 7.69 million prema-
ture deaths are estimated every year due to smoking
tobacco products (3). Besides, 1.3 million deaths inferred
due to second-hand smoke exposure are leading to several
life-threatening health disorders across respiratory and
circulatory systems, oncological processes, fertility issues,
birth defects, otitis media and asthma (4, 5). The best
strategy to overcome these harmful conditions is to quit
smoking or prevent smoking initiation. In spite of much
awareness and knowledge of smoking-related risks, most
adult smokers find it challenging to quit (6, 7). Another
way to reduce this harm is supportive behaviour and
management of different pharmacotherapies like vare-
nicline and nicotine replacement therapy (NRT), enhancing
smoking cessation by 10-20%. Yet real-world success
remains constrained, with notable long-term relapse rates
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(8). Hence, the pragmatic approach is to switch to smoke-
free alternative products that mitigate the risk of tobacco
such as heated tobacco products (HTPs), electronic vapor
products (EVPs), nicotine pouches and snus. These prod-
ucts deliver nicotine without tobacco combustion (6).
Electronic cigarettes (ECs) are reported to be more effec-
tive with greater abstinence rates than NRTs in conven-
tional tobacco smokers (9). Additionally, the U.S. Food
and Drug Administration (FDA) has authorized the legal
commercialization of tobacco heating systems (THS) and
ECs, affirming the appropriateness of marketing these
products for tobacco control and public health protection
(10, 11). However, contradictory evidence raises the safety
concern for the commercialized smoke-free alternative
products (12). The review aims to examine the chemistry
of tobacco smoke and its link with associated diseases in
tobacco smokers and compare this to different types of
smoke-free products.

2. METHODOLOGY

Full-text articles published in English language were
independently searched by two reviewers through an
extensive exploration on PubMed/MedLine, Google
Scholar, and Cochrane database with no restrictions on
dates of coverage and publication status. A grey literature
search was also conducted. The search included two main
domains; smoke-free alternative tobacco products, tobacco
heated systems, tobacco heating products, snus, e-ciga-
rettes, electronic nicotine delivery products, and harm
reduction related to the use of less harmful alternatives to
conventional cigarettes as well as smoking cessation, safety
and addiction with impact on public health.

3. RESULTS AND DISCUSSION

3.1 Chemistry of tobacco smoke — understanding
combustion

Tobacco smoke is a dense complex of more than 7000
chemical compounds formed by the incomplete combus-
tion while smoking conventional cigarettes (13, 14). The
burning cigarette smoke formation includes processes such
as pyrolysis, combustion, formation of aerosol, physical
mass transfer and filtration mechanisms. The major
sections of the burning zone are the combustion with a
downstream pyrolysis/distillation zone. Within the com-
bustion zone, carbon dioxide, carbon monoxide and
hydrogen are produced with heat which generates a
temperature up to 950 °C when the cigarette is puffed (15).
The puff formed by the smoker initiates a rapid, exo-
thermic and oxidizing reaction at the tip of the cigarette
(Figure 1a) (14). The bulk chemicals are generated in the
cooler pyrolysis/distillation zone. Rapid cooling of the
super-saturated vapor within a few milliseconds occurs
with subsequent condensation into aerosol particles that
constitute the smoke (15). The three smoke aerosols
formed are: mainstream emission (smoke inhaled and
exhaled by smokers), side stream emission (smoke emitted
to the environment) and environmental tobacco smoke

(smoke exhaled by smokers and smoke emitted to the
environment) (14). These emissions mix with less volatile
gases, creating vapor mixtures that condense into ultrafine
liquid droplets with complex chemical composition known
as tobacco aerosol residue (TAR). The mainstream emis-
sions are composed of nicotine, carbon monoxide, particu-
late matter (PM), and other vapor-phase compounds (14).
Moreover, particles (0.3-110 pum) composed of carbon,
oxygen, potassium, calcium, non-water-soluble organic
compounds, traces of sodium, aluminum, and silicon are
also present in tobacco cigarette smoke (16, 17). The smoke
emissions are extremely harmful containing several car-
cinogens and mutagens such as tobacco-specific N-nitros-
amines (TSNAs), polycyclic aromatic hydrocarbons (PAH)
and aldehydes (18, 19).

3.2 The burden of smoking — disease predominance

Tobacco smoking (TS) is the leading cause of lung cancer
and ranks first globally in cancer-related morbidity (20). It
is also the major cause of chronic obstructive pulmonary
disease (COPD), and interstitial lung diseases that finally
culminates in morbidity and mortality (21, 22). Apart from
lung cancer mortality, TS is associated worldwide with
cardiovascular associated morbidity and mortality. En-
hanced levels of inflammatory biomarkers through com-
bustible cigarette (CC) smoking gradually progresses
towards atherogenic diseases. Research findings emphasize
on the likelihood of increasing cardiovascular disease
(CVD) progression among present tobacco users including
conditions such as acute myocardial infarction, cerebro-
vascular disease, and heart failure, compared to never
smokers (23). Tobacco cigarette smoking leads to worsen-
ing oral health with gradual progression towards oral cancer
(24). It advances periodontal diseases, increasing plaque
concen-tration and implant failure (24). Moreover, cigarette
smoke toxins in cigarette smoke disrupt the gut microbiota
equilibrium through diverse mechanisms (25). Additionally,
TS is also associated with several neurological diseases.
Nicotine from the cigarette is reported to increase oxidative
stress causing neuro-inflammation and cerebral thrombosis
(26, 27). Children exposed to second-hand smoke show
higher risk of acute respiratory function, asthma exacerbation
and sudden infant death syndrome (28).

3.3 New generation of smoke-free alternative products —
zero combustion

3.3.1 Tobacco heating systems

Tobacco products providing nicotine without burning
tobacco are one of the most promising class of commercial-
ized next-generation products (NGPs) available in more
than 90 countries. These are commonly referred as heated
tobacco products (HTPs) or heat-not-burn (HnB) products
(29). The HTPs significantly reduce toxicant emissions,
releasing tobacco-flavored vapor containing nicotine
without generating smoke and ash, the hallmarks of
combustion (30). Aerosols of HTPs contain fewer and
lower levels of harmful and potentially harmful constituents
(HPHCs) which are emitted by a heating mechanism
instead of combustion of tobacco as observed in conventional
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cigarettes (31) (Figure 1b). There are different upgraded
models of HnB devices like ‘IQOS’ (Philip Morris Interna-
tional (PMI)) and ‘glo’ (British American Tobacco (BAT)),
which were first launched in Japan and Italy, and subse-
quently expanded to different countries (12).

3.3.2  Electronic cigarettes

Electronic cigarettes (ECs) and alternate electronic nicotine
delivery systems (ENDS) have been commercialized since
2003 as a smoking cessation tool for cigarette users (32).
Electronic cigarettes were introduced as a potential alter-
native smoke- and tobacco-free product with a novel
approach. ECs create a vapor by a battery-operated device
that heats a liquid to generate an aerosol which the user
inhales (33) (Figure 1c). These e-cigarette liquids contain
vegetable glycerin, propylene glycol, and flavors with or
without nicotine (34, 35).

Since 2003, various compatible designs of ECs in different
shapes and sizes from first generation to fourth generation
found great interest (36). The first generation ECs, also

a)

Combustion Distillation
zone zone
700-950°C

200-600°C

known as cig-a-likes were designed similarly to CCs, with
refillable and disposable e-liquid cartridges (27). The second
generation was pen-style and rechargeable; containing high-
capacity batteries and regulating the number of puffs (36,
37). The third generation, called ‘Mods’ consists of
modified batteries that enable users to change power and
voltage (36). The fourth generation is more advanced with
pod-style and preset voltage, having varied-shaped batteries,
including USB or teardrop-shaped ones (38).

A comparison of the composition, heating temperature, and
smoke/aerosol formation in conventional cigarettes to HTPs
and ECs is presented in Table 1.

3.3.3 Snus

Snus, a type of smoke-free alternative product is an oral
moist powder in prepackaged portions which is non-
traditional, easy to use and appealing where the users don’t
need to expel saliva by-product (43). Approximately 22%
of men and 5% of women in Sweden use snus frequently
(44). In Sweden, transition to snus, has saved approxi-
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smoke
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Figure 1. Schematic diagram of the (a) combustible cigarette (tobacco burning generates combustion up to 700-950 °C during puffs)
and (b) heated tobacco product (tobacco heated through a heating element source within 350 °C) and (c) electronic cigarette (vapor
generated from a liquid containing flavours, nicotine and other compounds at temperature within 350 °C through heating element).

CTNR - 34 (4) - 2025 167



Table 1. Comparison of conventional cigarettes, heated tobacco products and e-cigarettes.

Factors Conventional cigarettes

Heated tobacco products Electronic cigarettes

Products made from tobacco
leaf; consumption takes place
through combustion

Description (14, 39, 40)

Source of nicotine (14)
Temperature range (14) The temperature at the tip of a
lit cigarette reaches around
900 °C during puffs; and
450-800 °C between the puffs
By combustion of tobacco leaf,
associated with thermal
degradation and pyrolysis.

Formation of smoke and ash (41)

Absent
Very low

Nicotine (in solution form) (38)

Potential for introducing additive
like cannabinoids (42)

Made from tobacco leaf in the
stick form. They are heated to a taining glycerol, propylene gly-
level below combustion to gen-
erate an inhalable nicotine con- water, which are heated to gen-
taining aerosol

Naturally present in tobacco leaf

ECs comprise of e-liquids, con-
col, flavourings, nicotine and

erate an inhalable nicotine con-
taining aerosol

Naturally present in tobacco leaf Nicotine added to the liquid
Around 350 °C, below
temperature level at which
combustion occurs

Variable (roughly 180-270 °C)

No smoke or ash formed, due to No smoke or ash formed
the absence of tobacco
combustion (formation of

(formation of aerosol)

aerosol)
Absent Present
Very low High and easy

mately three thousand lives per year (45). Snus use is a
healthier alternative to conventional cigarettes due to the
absence of combustion and hazardous chemicals (46).

3.4 Fighting tobacco epidemic — harm reduction by
smoke-free alternative products

Robust and credible evidence support smoke-free
alternative products (ECs and HTPs) as harm-reduction
tools that are feasible for reducing tobacco cigarette
consumption among chronic users (6, 8, 47). Assessment
of harm reduction in various spheres is discussed below.

3.4.1 Potential of smoking cessation or reduction

Smoke-free alternative products have gained wide accep-
tance globally as a viable substitute for combustible ciga-
rettes. Smokers experience a better overall perception which
mimics elements of the sensorimotor and behavioral aspects
of cigarettes (48). Clinical evidences establish this fact. In
one of the studies HTP and EC use was found to be directly
associated with smoking cessation and a decline in the rate
of withdrawal symptoms (48). Another study showed the
willingness of an equal number of participants (28.3%) to
switch from usual brand of cigarettes to HTP or EC (47). A
network meta-analysis reported that nicotine EC users were
twice as likely to quit smoking compared to CC users and
1.49 times more likely compared to NRT users (49).
Moreover a meta-analysis study demonstrated that daily EC
use was linked with increased quitting, whereas less-than-
daily use was linked to less quitting (50). Another system-
atic review analyzed the effectiveness of EC on smoking
cessation and showed high probability of smoking cessation
with nicotine EC use (51). Hence, a connection between
smoke-free alternative product use with harm reduction
compared to CCs was observed from this evidence.

3.4.2  Reduction in biomarker of exposure

Several public health initiatives encourage smoking
abstinence and reduced toxicant exposure to diminish

health risk of cigarette smoking (52). The U.S. Institute of
Medicine concluded that CC users who completely switch
to potential reduced-exposure products have reduced
toxicant tobacco exposure (52).

Alternative smoke-free products like HnBs and ECs reduce
health-associated risks of smoking-related diseases by
lowering the exposure to harmful and potentially harmful
constituents (HPHCs). Favorable changes in biomarkers of
potential harm (BoPH) occur after CC smokers quit
smoking and switch to novel tobacco vapor (NTV) (53).
Novel tobacco vapor users are significantly less exposed
to nicotine and 4-(methyl-nitros-amino)-1-(3-pyridyl)-1-
buta-none (NNAL) with lower levels of BoPH: triglyceride
(TG), soluble intercellular adhesion molecule-1
(sICAM-1), white blood cell (WBC) counts,
11-dehydrothromboxane B2 (11-DHTXB2), 2,3-dinor
thromboxane B2 (2,3-d-TXB2), and 8-epi-prostaglandin
F2a (8-epi-PGF2a) than CC smokers (53). Significantly
similar constant reductions in BoE levels were found over
the years in a study for both participants who switched
from smoking to THP use and those who quit smoking
(52).

Substantially lower levels in all urinary BoE: 3-hydroxy-1-
methylpropylmercapuric acid (HMPMA), monohydroxy-
butenylmercapturic acid (MHBMA), 3-hydroxy-
propylmercapturic acid (3-HPMA), total N-nitroso-
nornicotine (NNN), 3-hydroxybenzo-[a]-pyrene (3-OH-
BaP), and S-phenyl-mercapturic acid (S-PMA), 4-(methyl-
nitrosamino)-1-(3-pyridyl)-1-butanol (NNAL) with a p
value less than 0.0001 and in total nicotine equivalents
(TNeq) with a p value equal to 0.0074 was observed in EC
consumers when compared to smokers (54).

When users switched from exclusive cigarettes to exclu-
sive ECs, a significant reduction in urine concentrations of
tobacco-specific nitrosamines (TSNAs), polycyclic
aromatic hydrocarbons (PAHs), and volatile organic
compounds (VOCs) was reported (19).

Toxicant exposure may be reduced through partial substi-
tution of CCs with alternative products (55). An overall
decrease in the biomarker levels is observed in alternative
smokeless products compared to combustible cigarettes.
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3.4.3 Health impact assessment of smoke-free alternate
products

The use of electronic nicotine delivery systems (ENDS)
is not considered to cause harmful cardiovascular dis-
eases (22). HnB products reduce the blood pressure level,
myocardial deformation, and arterial stiffness compared
to CCs (56). Moreover switching from cigarettes to novel
nicotine products is linked with effective hypertensive
management and less COPD occurrence, without any
evidence of enhanced risk of asthma or prolonged
respiratory problem (22).

In prospective studies of COPD patients who switched
from CCs to ECs and HTPs, an improved level of exer-
cise tolerance was observed by the marked decline in CO
exposure and carboxyhemoglobin levels (57).

For periodontal health, EC use proved effective in
comparison to cigarette smoking (58). In alternative
smoke-free products (IQOS), the inhibitory effect was
approximately eighteen times lesser compared to CCs,
elucidated by marker assisted chemotaxis and trans-
migration study on coronary arterial endothelial cells
associated with the cardiovascular system (59). These
products show significantly less toxicity in bone cells
than CCs in the functionality and viability of human
osteo-progenitors and mesenchymal cells (60).
Different health-associated outcomes of smoke-free
alternative products on cardiovascular, pulmonary,
COPD, periodontal, and cancer diseases are tabulated
(Table 2).

3.4.4 Harm reduction for persons subjected to passive
smoke

The environmental toxic level is detected through the size
of the particulate matter (PM) present in the tobacco
smoke which accumulates while CC smoking (68).

The World Health Organization has set guidelines of
maximum values for outdoor air exposure (2021) as PM,,
(15.0 pg/m®) and PM, 5 (5.0 pg/m?), but not for indoor
environments which do not follow the full spectrum of
PM characteristics. Literature evidence report that HTPs
emit lesser PM (PM, 5 5.7 £ 7.6 pg/m?®) compared to CCs
(PM, 5 159.4 £ 57.1 pg/m?), thus mitigating the environ-
mental harm. An increase in aerosol concentration was
observed with HTP use in closed spaces although the
volatile PM evaporates in seconds (68, 69). Although EC
vapors consist of fine PM, they still generate a higher
particle mass and number concentration than CCs. Their
emissions dissipate more rapidly than CCs, within
10-20 s.

Combustible cigarette emission persists till 1.4 h in a
35 m? room (70). The total particulate matter (TPM) of
both CC and EC is composed of a high amount of envi-
ronmentally persistent free radicals (EPFRs) and semi-
quinones. However, EPFRs in ECs are more potent in
generating hydroxyl radicals per unit EPFR than those in
tobacco TPM indicating potential health risk (71).
Potential harm reduction through smoke-free alternative
tobacco products in smoking cessation, health-related
diseases, biomarkers of exposure, and environmental
harm reduction is provided in detail in Table 2.

3.5 Evidence based debate on smoke-free alternative
products

A mixed comparative overview is obtained from the clinical
evidence regarding ECs. Several studies support the safety
and effectiveness of ECs for long-term use while others have
reported the presence of metals and metalloids in EC aerosols
which get absorbed easily through the respiratory tract during
inhalation and may cause serious health issues (72). More-
over, third-hand smoke through EC aerosol emission contains
nicotine and carcinogenic TSNAs, which are a major public
health concern (73). Besides, the increasing prevalence of EC
use among youth, resulting in nicotine addiction, requires
urgent attention and regulation (74, 75). A longitudinal study
of 2018 adolescent students showed that adolescents who
vaped nicotine-containing ECs were more prone to try other
tobacco products and tended to show signs of depression
compared to nicotine-free EC users (76). Another study
reported EC misuse when inhaled along with marijuana, a
cannabis plant-derived drug. These findings indicate the rapid
progression in tetrahydrocannabinol (THC) and nicotine co-
use which may lead to unknown health consequences and
addiction (42). One serious health consequence that emerged
in 2019 was EVALI (E-cigarette or vaping product use-
associated lung injury), caused by vitamin E acetate found in
THC-containing ECs causing chemical pneumonitis (77).
Moreover, enhanced plasma nicotine levels in EC users result
in lower withdrawal symptoms and high dependence, leading
to abuse potential equally manifested in non-tobacco flavored
ECs which appeal to smokers (74). The safety perception of
ECs has led to its widespread use among pregnant women.
This is alarming since studies suggest that exposure to
nicotine during the prenatal phase leads to disruption of blood-
brain barrier integrity, long-term neurovascular changes in
neonates and severe behavioural outcomes (78). Another
smoke-free product, HTP, though not completely risk-free,
reduces exposure to harmful chemicals (79). The nicotine
released in HTP aerosol was found to be 70-80% compared
to CCs (80). One randomized study demonstrated that HTPs
were more satisfying compared to nicotine vaping products
(NVPs) (48). The toxicants and hazardous compounds were
present in lesser amount in the aerosol of HTPs than in
combustible cigarettes. Thus the harm was significantly
reduced while using HTPs (81). The HTPs and ECs had
reduced emission concentration of volatile organic com-
pounds, particulate matter, and carbon monoxide compared to
CCs. The carcinogenic health risk of CCs was higher than that
of HTPs (3.01-fold) and ECs (6.23-fold) (82). A 12-week
randomized trial (CEASEFIRE) observed a remarkable
reduction in traditional cigarette consumption for non-quitting
smokers who started using HTPs which finally led to smoking
cessation (57). In addition, snus use during pregnancy impairs
the lung function of the infant and may cause stillbirth (83).
However, randomised clinical evidence demonstrated that
safety in snus users was similar to that of users of 4-mg of
nicotine gum in traditional cigarette smokers who aimed to
switch completely to these products (84). Multiple literature
evidence including systemic reviews and clinical trials
emphasized the use of snus assisting in smoking cessation and
reducing harmful constituent exposure when compared to CCs
(85). Hence, the direct nicotine intake through traditional
smoking can be reduced through use of snus (86).
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3.6 Implications for research practice

Stringent regulatory policies restrict the marketing of
alternate smoke-free products in different nations due to
youth addiction and adverse health impacts. India stands
out as one of the few nations to have strictly prohibited the
sale of e-cigarettes and HTPs, primarily to safeguard youth
from potential EC use (87, 88). Major decrease in BoE
levels were observed with the use of HnB devices
compared to traditional cigarettes, indicating potential
harm reduction. Major reduction was observed in 4-ABP
(4-Aminobiphenyl), 2-AN (2-aminonaphthalene), CEMA
(2-cyanoethyl mercapturic acid), and COHb (Carboxy-
hemoglobin); 8 out of 12 levels of BoEs in HnB
participants showed insignificant differences compared to
smoking abstinence. This suggests that HnB might offer
enhanced safety compared to traditional cigarettes (12).
IQOS (HnB) are a better alternative for conventional
tobacco smokers to lower their exposure to HPHCs,
leading to reduction of toxicological effects (89, 90). The
rate of nicotine delivery in a single puff through HnB
devices is similar to that of CCs but with reduced exposure
to toxicants. However, ad-libitum use minimises the urges
to smoke. A significant reduction in HPHC exposure in
mainstream HnB emissions has been observed compared
to CC in real-world human studies (91). HnB products are
endorsed as a safer option than CC and are suggested as a
tool for smoking cessation (92). HnB application has met
the standard criteria mentioned under section 911 (g) (2) of
the U.S. Federal Food, Drug, and Cosmetic Act for
marketing and distribution of reduced harm products (93).
Furthermore, a measurable substantial decrease in the
morbidity and mortality rate is likely to occur in
subsequent studies and if an order is granted, the health of
tobacco users as well as non-users is expected to be
improved. Overall, as compared to combustable cigarette
smoke, the HnB products considerably decrease the
exposition to potentially harmful chemicals.

4. CONCLUSION

Evidence from credible scientific research conclusively
establishes that smoking-related diseases, such as COPD,
CVD, and lung cancer, among many other diseases which
are caused primarily by inhaling harmful compounds
largely formed through tobacco combustion. Epidemiology
has also established that if a smoker quits smoking, the risk
of developing smoking-related diseases decreases over
time. Most of the countries have adapted tobacco control
strategies on supply and demand measures with a focus to
prevent initiation, reduce consumption, and encourage
cessation. Despite these control measures, although there
has been a decline in smoking prevalence, the goal of
completely eliminating smoking is not achievable.
According to the World Health Organization (WHO), the
the number of smokers worldwide will reach 1 billion, a
figure that is unlikely to decline in the coming years.
Hence, there is an urgent need to address the rapid harm
progression caused by traditional smoking through
replacement by alternative measures.

This narrative review provides a comprehensive overview

of several commercialized smoke-free alternatives (HTPs,
ECs and snus), all of which have demonstrated clear
evidence of being safer substitutes to traditional cigarettes.
They undergo heating instead of combustion and produce
less toxic aerosol. Compared to cigarette smoking, nicotine
and non-nicotine EC use is associated with reduced NNAL
levels, which is a major pulmonary carcinogen, compared
to CC smokers. It is also beneficial for hypertensive
patients who switch from CCs to ECs. Moreover, EC users
have fewer COPD occurrencies than traditional tobacco
smokers. HTPs have a positive impact on blood pressure,
myocardial deformation, and arterial stiffness compared to
CCs. For periodontal health, the use of HTPs might be
considered as a healthier alternative to cigarette smoking
and may also assist in smoking cessation and reduction in
CC consumption. It also has positive impact on indoor air
quality. However, even as these products are safer
alternatives to CC, they are not completely risk-free.
Adopting a pragmatic approach towards policy formulation
would go a long way in promoting individual and public
health. Alternative tobacco products offer a promising
solution to address the health concerns of smokers who
struggle to quit smoking.
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