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Abstract

Background: Cigarette smoking is a widely recognized risk factor for several diseases and
a crucial problem in global health, as it contributes to the development and worsening
of various diseases, resulting in an increase in both morbidity and mortality. One of the
strategies to reduce the impact of tobacco damage is based on the transition from flammable
to non-flammable nicotine products. Objectives: The aim of this narrative review is
to summarize the effects of traditional cigarette smoking and non-combustible nicotine
products on kidney function. Conclusions: The evidence shows that both combustible and
non-combustible nicotine products have harmful effects on kidney health and may promote
the onset and progression of kidney dysfunction, leading to chronic kidney disease (CKD).

Keywords: smoking; cigarette smoking; e-cigarettes; nicotine; tobacco; heated tobacco
products; oral nicotine products; CKD; kidney damage

1. Introduction

Cigarette smoking is a widely recognized leading risk factor for several diseases, such
as arterial hypertension, atherosclerosis, chronic obstructive pulmonary disease (COPD),
cancer, and cardiovascular and kidney diseases [1-4].

The harmful effects of cigarette smoking are mainly mediated by oxidative stress,
chronic inflammation and sympathetic system activation [1,4].

Animportant role in cigarette smoking-mediated damage is also played by the released
toxic chemicals, approximately 7000 substances, the combustion of which promotes organ
damage [5].

Despite the harmful effects of smoking being widely known, the number of smokers
still remains very high. According to the most recent “WHQO” data, tobacco addiction
causes over 8 million deaths each year; among these, more than 7 million are the result
of direct smoking, while approximately 1.3 million arise from exposure to second-hand
smoke (SHS). Europe is the region with the second highest prevalence of smokers both
among adolescents, aged 13-15, (10.8%) and adults (25.3%) [6].

While previously cigarette smoking was mainly a male habit, currently the gap be-
tween men and women is no longer relevant (<5%) [6].
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Cigarette smoking is a crucial problem in global health, as it contributes to the devel-
opment and worsening of various diseases, resulting in an increase in both morbidity and
mortality [2,3]. To reduce the impact of this condition, many campaigns have been imple-
mented to raise awareness among the population, although one of the major difficulties
consists of counteracting the addiction to tobacco use [2].

One of the strategies to reduce tobacco damage, which is mainly caused by combus-
tion products, is based on the transition from combustible to non-combustible tobacco
devices, including

e  Electronic nicotine delivery systems (ENDSs), such as electronic cigarettes (e-cigs);
e  Heated tobacco products (HTPs);
e  Oral nicotine products.

These combustion-free products have been shown to provide less exposure to toxic
substances than combustible cigarettes, suggesting fewer harmful effects on general health
from these devices [7].

The aim of this narrative review is to summarize the effects of cigarette smoking and
non-combustible nicotine products on kidney function.

2. Materials and Methods

This article is a narrative review. We carried out a search in PubMed, Elsevier, Oxford
Academic, BioMed Central and MDPI from July 1996 to July 2025 with the following

”ou V77 /73

keywords: “smoking”, “cigarette smoking”, “nicotine”, “tobacco”, “e-cigarettes”, “HTP”,
“oral nicotine products”, “non-combusted cigarettes” and/or “CKD”, “kidney diseases”
and “renal function”.

We applied a broad range of inclusion criteria to include all articles relevant to the
effects of traditional smoking and non-combustible nicotine products on kidney health.

Studies were excluded if they were clearly unrelated to the keywords previously
listed, showed incorrect references, or were based on a very small sample size (fewer than
50 participants). Only English-language, peer-reviewed articles were considered, with
no restriction on publication date. Both clinical (human and animal) and mechanistic
(in vitro) studies were included where relevant to the topic. A total of 96 articles were
identified through the search, of which 17 were included in the review after applying the
inclusion/exclusion criteria described above.

3. Cigarette Smoking and Kidney Disease

The effects of cigarette smoking on kidney function have been studied for several
years. Smoking is recognized to worsen renal function and it is a significant risk factor for
the progression to kidney failure [8]. Studies show that both direct and second-hand smoke
can impair kidney and glomerular function [9,10]. A link exists between exposure to SHS
and CKD both in adults [11] and in children. In a cohort of 366 children with CKD (aged
1-16) SHS exposure was associated with nephrotic range proteinuria [12].

Different studies searched for a correlation between estimated glomerular filtration
rate (eGFR), microalbuminuria, and serum levels of cotinine in both active and passive
smokers [9,10]. Cotinine is a primary metabolite of nicotine, characterized by a long half-life
(3-4 days), and is widely used as marker of exposure to tobacco [13]. The analyses show a
positive correlation between serum cotinine levels and microalbuminuria in both active
and passive smokers [9] and a negative correlation with the eGFR in people over 20 years
old [10]. These data suggest that direct and second-hand smoking can lead to a decrease
in renal function and can accelerate the progression of CKD to end-stage kidney disease
(ESKD) [14,15], thus emerging as an independent risk factor for incident CKD [16].
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A direct relationship between kidney functional decline and the number of packs
smoked per year was observed through a dose-response and duration-dependent mecha-
nism: longitudinal data also show that long-term cessation of smoking (>10 years) may
decrease the risk of renal failure [17,18].

Cigarette smoking is not only a risk factor for the development and progression of
CKD, but also an emerging risk factor for other kidney diseases such as hypertensive and
diabetic nephropathy, especially in patients with type 1 diabetes mellitus (T1DM) [19-21];
it may accelerate the progression of IgA nephropathy [22]; furthermore it is associated with
increased endothelial dysfunction and atherosclerosis in patients with autosomal dominant
polycystic kidney disease (ADPKD) [23].

Other interesting results are derived from the “Atherosclerosis Risk in Communities”
(ARIC) study, a prospective observational study that examined the relationship between
cigarette smoking and the risk of acute kidney injury (AKI). A total of 14,571 participants
were followed over a median period of 26 years. Cigarette smoking was strongly associated
with the risk of AKI in a dose-response manner. The risk of AKI decreased 10 years after
quitting smoking and after 30 years it became similar to never smokers [24]. These findings
suggest the benefit of smoking cessation for kidney health.

Significant information derived from renal biopsy specimens were obtained from
smokers: glomerulosclerosis, arteriolar hyalinosis, interstitial fibrosis and tubular atro-
phy [15,25] are the most common findings. The pathophysiological mechanisms involved
in smoking-related kidney damage are still unclear. The main hypothesized mechanisms
include oxidative stress, platelet activation, nitric oxide depletion, chronic inflammation,
direct cadmium-mediated tubular toxicity, hemodynamic alterations induced by nicotine
leading to endothelial dysfunction, microvascular damage, glomerular hyperfiltration
and sclerosis [10,15]. These elements lead to proteinuria, initial hyperfiltration, eGFR
decline and progression of renal dysfunction. The association between cigarette smok-
ing and renal hyperfiltration (RHF) is a widely recognized condition leading to kidney
impairment [26,27]; RHF is an established key factor that mediates smoking effects on
non-cardiovascular and all-cause mortality [28].

Chronic cadmium exposition, in turn, causes its accumulation in the renal cortex of
cigarette smokers, production of reactive oxygen species (ROS) and direct oxidative tubular
damage. As a consequence, tubular epithelial cells undergo functional and structural
changes due to inflammatory and fibrogenic cells, with subsequent production of molecules
that cause tubulo-interstitial inflammation, fibrosis and atrophy [15,29] (Figure 1).

Nicotine exerts a nephrotoxic effect, so it is a relevant link between smoking and
kidney dysfunction. Nicotine induces mesangial cell proliferation and promotes fibronectin
and ROS synthesis and these alterations are involved in CKD onset and progression [15,30].
Nicotine can alter systemic and renal hemodynamics through vasoconstriction, leading to
endothelial dysfunction and microvascular damage; it also promotes podocyte disfunc-
tion, glomerular fibrosis and subsequent albuminuria and GFR decline [31] (Figure 1).
Other nicotine effects include fibroblast activation and pro-inflammatory and pro-oxidative
properties [31-33]. Table 1 shows the summary of the main mechanisms implicated in
kidney damage.
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Cigarette smoke-mediated kidney damage
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Figure 1. Summary of the main mechanisms potentially implicated in cigarette smoke-mediated
kidney damage [15].

Table 1. Summary of the main nephrotoxic substances related to cigarette smoking [15,29-34].

Nicotine Lead (Pb)
Cadmium (Cd) Acrolein
Reactive oxygen species (ROS) Formaldehyde
Carbon monoxide Arsenic (As)

Polycyclic aromatic hydrocarbons (PAHs) Tobacco-specific nitrosamines (TSNAs)

4. Effects of Non-Combustible Nicotine Products on Kidney Function

In recent years there has been an exponential increase in the use of non-combustible
nicotine products such as e-cig/ENDS and HTPs and oral nicotine products as alternatives
to conventional cigarettes, mainly among adolescents and young adults [35]. Comparative
emission analyses show that these devices appear to release fewer toxic substances than
conventional cigarettes, especially HTPs, which heat tobacco without burning it, thus
reducing the production of many harmful substances [36,37]. However, these devices also
have harmful effects on kidney function.

E-cigarettes release several toxic molecules, including volatile organic compounds,
formaldehyde, acetaldehyde, acrolein, tobacco-specific nitrosamines (TSNAs), and heavy
metals such as lead (Pb) and nickel (Ni) [38] (Table 2); these substances have important
nephrotoxic effects.

Furthermore, the components of e-cigs include cadmium and nicotine [39], with a
relationship between elevated serum cadmium levels and e-cigarette use [40].

Cross-sectional studies suggest an association between e-cig use and kidney damage
(albuminuria and a decrease in eGFR) in both adolescents and young adults [41].

HTPs and oral nicotine products have fewer but similar harmful effects due to nico-
tine and other toxic substances such as acrolein, benzene, and TSNAs [42,43]. The main
mechanisms involved in nicotine-related kidney damage have already been described.
Further effects involve renin-angiotensin—aldosterone system (RAAS) homeostasis [44],
the activation of the hypothalamic—pituitary-adrenal (HPA) axis and sympathetic stimula-
tion [45,46], podocyte damage through NLRP3 inflammasome activation and subsequent
reduced expression of podocin and nephrin [47].

These data show that the long-term effects of non-combustible nicotine products on
renal function are not fully understood and require further investigation.
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Table 2. Summary of the main nephrotoxic substances related to non-combustible nicotine
products [38,39,42,43].

Nicotine Acrolein
Cadmium (Cd) Formaldehyde
Lead (Pb) Acetaldehyde
Nichel (Ni) Reactive oxygen species (ROS)
Benzene Tobacco-specific nitrosamines (TSNAs)

5. Molecular Patterns Involved in Smoking-Mediated Kidney Damage

The principal nephrotoxic effects of both traditional cigarettes and non-combustible
nicotine devices are largely mediated by cadmium and nicotine. These substances can
damage the kidneys through various molecular mechanisms, as illustrated in Figure 2.

Heavy metals Nicotine

(Cd, As, Ni, Pb) l

Mitochondrial
C 1SOD, TNADPH
dysfunction \i‘ oxidase IREChE,

1TGF-BI,
CTGF

[ Fibrosis ]—>[ Kidney injury ]
tpro-apoptotic TMAPK & TNLRP3

proteins AKT pathways | | inflammasome

r Apoptosis &
inflammation

Figure 2. Main molecular mechanisms implicated in smoking-mediated kidney damage [29,32,38,48].
SOD: superoxide dismutase; GSH: glutathione; NADPH: nicotinamide adenine dinucleotide phos-
phate (reduced form); nAChR: nicotine acetylcholine receptor; TGF-p31: transforming growth factor;
CTGEF: connective tissue growth factor; MAPK: mitogen-activated protein kinase.

Although their role in renal injury is well established, other cited nephrotoxic agents
deserve greater attention.

5.1. Nephrotoxic Effects of Heavy Metals

It is well known that exposure to heavy metals, such as lead, nickel, cadmium and
arsenic, exerts nephrotoxic effects primarily due to their ability to induce mitochondrial
dysfunction and generate ROS, thus leading to oxidative stress and subsequent cellular
damage (Figure 2) [48-51].

In addition to oxidative stress, there are other mechanisms implied in heavy metal-
mediated renal damage.

Arsenic can activate mitogen-activated protein kinases (MAPKSs) in a dose-dependent
manner and promote inflammation through the upregulation of nuclear factor kB (NF-
kB) [48]. It appears to increase cardiovascular risk by inducing endothelial disfunction
through the inhibition of endothelial nitric oxide synthase (eNOS) [48]. Moreover, arsenic
may directly damage podocytes and subsequently cause albuminuria [50].
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Lead nephrotoxicity involves decreased synthesis of eicosanoids, increased throm-
boxane B2 levels, and the phagocytosis of erythrocytes by renal cells due to enhanced
phosphatidylserine externalization, thus leading to iron accumulation and subsequent
oxidative damage [52]. In addition, lead has been shown to promote apoptosis in proximal
tubule cells through activation of the AMPK pathway and TLR4 receptor in experimen-
tal models [52]. Other nephrotoxic mechanisms include the activation of inflammatory
pathways through the upregulation of NF-kB and the impairment of calcium signalling [52].

In mouse renal cells, nickel has been shown to damage the kidney via induction of
autophagy, ferroptosis (iron-dependent lipid peroxidation which leads to cell death) [53],
and pyroptosis (Caspase-1-dependent inflammatory programmed cell death) via the
Nrf2 /NLRP3 signalling pathway in mouse renal cells [54]. Moreover, nickel promotes mi-
tochondrial fission while inhibiting their fusion and biogenesis, resulting in mitochondrial
damage and dysfunction [51].

5.2. Acetaldehyde, Formaldehyde and Acrolein Patterns of Renal Damage

The molecular mechanisms underlying the nephrotoxic effects of these agents are not
yet fully understood due to the lack of available data.

In vitro evidence indicates that acrolein promotes activation of hypoxia-inducible
factor 1-alpha (HIF-1x) signalling, thus leading to mitochondrial dysfunction and ROS
production [55]. In addition, acrolein can directly inhibit aldehyde dehydrogenase 2
(ALDH?2), a detoxifying enzyme whose downregulation is associated with the development
of renal fibrosis and the progression of CKD [55].

It is demonstrated that formaldehyde has severe nephrotoxic effects, largely due to its
ability to cause oxidative damage by impairing the anti-oxidant defence systems in renal
cells [56]. It was also observed that formaldehyde exposure leads to tubule-glomerular
thickening and degeneration [56].

The nephrotoxic effects of acetaldehyde are less studied; however, evidence from
in vitro experiments in mouse model suggests that it can activate the integrin 31/JNK
pathway, thereby promoting tubular cell apoptosis [57].

5.3. Summary of Clinical Evidence

The following table summarizes the main characteristics of the clinical studies cited
(Table 3).

Table 3. Synthesis of evidence from the studies included in the review.

Reference Population Age Exposg;g/lﬁjontrol Objective Findings
: - Smoking was independentl
To investigate the «ng was indep oy
t116 esﬁg?l%ﬁ%l 11t1§, fsrt(zl 13 . Current vs. former vs. role of cigarette assoa?%gggﬂhﬁqiﬁfg risk
Hallan et al. [8] . .y’ 20-70 never cigarette smoking in renal o il
median follow-up: respectively for
105 smokers damage and
.3 years (o to ESKD current/former smokers vs.
progression to never smokers.
- Urine microalbumin
Active smokers; To investigate the significantly elevated in
Diilger 64 volunteers passive smokers; effects of active and active smokers (p < 0.01);
etal. [9] controls (healthy passive smoking on - ACR increased in both active
non-smokers) kidney function and passive smokers vs.

controls (p < 0.01).
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Table 3. Cont.

Exposure/Control

Reference Population Age Group Objective Findings
- Negative association
To evaluate the -
8138 adults from Serum cotinine association between between seléucnﬁrgptmme and
Fuetal. [10] NHANES 20-80 (marker of smoking smoking exposure - Inverse relationship;

(2013-2018) exposure) r(gr?;r}ﬁc{iegﬁl(se)é?g) stronger m.ages 20-39, but

weaker in those >40.

To analyze the
1‘/%11{%19&3?{;{ —lf;élr(:é(;rS Frequency of SHS association between Higher risk of developing
function from the expostre: SHS exposure and CKD in both SHS-exposed
Jhee et al. [11] “Korean Genome & 53 (mean age) <3 days/week; the risk of CKD d tp th
Epidemiology Study” >3 days/week; development B oexpostire group.
no exposure among P group.

(2001-2014)

never-smokers

SHS exposure via

To evaluate the

- A total of 22% were exposed

. 366 children with urine cotinine to SHS;
Omoloja CKD from the CKiD 1-16 (Ucot = 1-75 ng/mL) prevalence an‘d - Significantly association
etal. [12] study VS. No exposure ﬁ_flfgcts of St{;ISCi?D between SHS exposure and
(Ucot <1 ng/mL) chridren wi nephrotic-range proteinuria.
- Smoking was associated
63.257 Chinese adults To investigate the with increased risk of kidney
from the Singapore 45-74 years at Current vs. former vs. asssr(;féitifn (2 gme;en - Stron c{glsl:_?é endent
Jinetal. [17] Chinese Health study, baseline (mean never cigarette ng, o & oo P
followed over age ~ 55.6 years) smokers duration, intensity, association (longf_:r
13.3 vears and cessation) and duration = higher risk);
Y risk of kidney failure - Risk decreased after
>10 years of cessation.
- Increased risk of CKD
1951 patients with Smoking load groups progression with smoking
eGFR (pack-years): To zig,sesi; t?e load (HR: 1.09, 1.48 and 1.94
Leeetal [18]  >15mL/min/1.73 m? never-smokers; <15;  a e for <15, 15-29 and
from the Korean 15-29; S%%éngrou; egsr;oarr: >30 pack-years);
“KNOW-CKD” study >30 prog - Risk reduced with longer
smoking cessation.
- Smoking increased CKD risk
(OR 1.6);
- Higher risk of CKD in
I;Lerxrzgz rsrrréoﬁ;i; To evaluate the current (I?lel fS) VS. NO
198 patients with smokers (>§ ears association between - Dose—re: oonsee S’a’c’cern b
Yacoub CKD (stage 3-5) vs. Mean it); y cigarette smoking . p( 16 3(}))_ OR 2 04}1,
et al. [20] 371 matched healthy age ~ 45 years quit; and CKD risk and its pac ye:;a Ol; 2 é). o

controls (2005-2009)

current regular
smokers (smoked in
the last 5 years)

role on each type of
renal failure

- Strong associations with

hypertensive and diabetic

nephropathy (respectively:

OR 2.85,p = 0.01; OR 2.24;
p = 0.005).

1239 patients with
IgAN from West
China Hospital of
Sichuan University;

Wang et al. [22]

Mean age:
smokers 38.6;
no-smokers 33.2

Smokers (current or
former) vs.
non-smokers

To evaluate the
impact of cigarette
smoking on the
progression and
prognosis of IgAN

- A total of 19% of smokers vs.
11% of non-smokers reached
the study endpoint (ESKD)
[p <0.001];

- Smoking was an
independent risk factor for
IgAN progression (HR = 1.58;
p = 0.043);

- Dose-response relationship:
>20 pack-years increased risk
by 143% compared to
non-smokers;

- Smoking dose was
correlated negatively with
eGER (r = 0.141; p < 0.001) but
positively with proteinuria
(r = 0.096; p = 0.001).
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Table 3. Cont.
Reference Population Age Exposg;ﬁ/é;ontrol Objective Findings
- ADPKD patients had
To assess the role of L
54 ADPKD patients Smokers vs. smoking on significantly lowel,-r.FMD than

ith p q | ADPKD patients: non-smokers with endothelial Smok C%ng(i S; FMD

Gul et al. [23] wi fpresgrve éena 45.5 years; ADPKD; healthy dysfunction (ED) and _thg;’lonceygs-sriokggfmon
45 hunlcttlllon ant 1 controls: 39 years  controls and smokers subclinical ADPKD patients: &

calthy controls vs. non-smokers atherosclerosis in Smoking i g ’

ADPKD patients - Smoking independently

predicted higher CIMT.

14,571 adults from

Smoking status,
intensity, pack-years,
duration and

To investigate the
association between

- Smokin was strongly
associated with increased risk

the “ARIC” study, 45-64 (mean ato cigarette smoking (its ‘
Chen etal. [24] followed over 26 age 55) cessation: current duration, intensity, . of AK;
ears smokers, former d - 1 - Risk decreased after
y smokers, and never and cessation) an smoking cessation.
smokers the risk of AKI
Two cohorts: To assess the impact ~ ~ Smoking was independently
) respectively with 949 ) of tobacco use on associated with higher eGFR
Mickelsson P Y Active smokers vs based inine:
etal. [26] and 995 healthy e ¢GFR (estimated by I ased on ;rgatlnéne,
) participants without creatinine and ) nv1e<1_'se assgc%tll:cl){lb etvgeen
ior kidney disease cystatin C) SMOXINg ana €. ased on
prior Y cystatin C.
To examine the
10,118 healthy association between Higher risk of developing
Maed Japanese men Current smokers vs. smoking and early glomerular hyperfiltration
ot a?e[2a7] without baseline 44-55 past smokers vs. renal damage and proteinuria in current
’ proteinuria or renal non-smokers (glomerular smokers compared to
dysfunction hyperfiltration and non-smokers.
proteinuria)
- Smokers had double the risk
To examine whether of all-cause mortality
o renal hyperfiltration compared to non-smokers
A . %064 Flﬁm},sl?llr_lllg}, Smok mediates the (HR = 2.06);
1ssar rom the 42-62 MOXKETS VS. relationship between - Renal hyperfiltration
et al. [28] study, followed over non-smokers . R . o
28 vears smoking and mediated approximately 5%
y mortality (all-cause, of the effect of smoking on
CVD, and non-CVD) non-CVD mortality
(p =0.016).
To investigate the Urinary
4117 US adults from relationship between 2-hydroxynaphthalene was
giﬁgﬁ “NHANES” >20 years Luer\grellasroflf X‘I/_IQ; urinary PAH significantly associated with
’ (2015-2016) Y concentrations and increased odds of CKD
CKD (OR 1.60).
Dual users of
traditional cigarettes
and
e-cigarettes .
(4 subgroups: To examine the Sienifi Iv hich
domi exposure to nicotine ignificantly higher
3450 adults from predominant 4 tob lated ! P
Smith Wave 1 of the “PATH” smokers, daily dual and tobacco-relate concentrations o
>18 years , daly toxicants among dual ~ tobacco-specific biomarkers
etal. [39] study users, non-daily dual 1 dailv dual
(2013-2014) isers. and users compared to among daily dual users
pre dominant vapers); exclusive e-cig or compared to non-daily users.
. ’ cigarette users
vs. exclusive
cigarette smokers
and exclusive
e-cig users
5 groups:
non-smokers, e-cig . .
nonusers IOTMET o050 hcen  and i oo were smociaed
Mean age: smokers, e-cig users . =R 4
4744 adults from the : blood cadmium with significantly higher
Lee et al. [40] “KNHANES” 45.7 for men and in former smokers, concentration and 8 y ug

47.3 for women e-cig non-users in
cigarette smokers
and e-cig users in

cigarette smokers

smoking status,
including e-cig use

blood cadmium levels than
those observed in
non-smokers.

ESKD = end-stage kidney disease; HR = hazard ratio; ACR = albumin—creatinine ratio; eGFR = estimated
glomerular filtration rate; CKD = chronic kidney disease; SHS = second-hand smoke; OR = odds ratio;
IgAN = IgA nephropathy; ADPKD = autosomal dominant polycystic kidney disease; FMD = flow-mediated
dilatation; CIMT = carotid intima-media thickness; AKI = acute kidney injury; CVD = cardiovascular disease;
PAHs = polycyclic aromatic hydrocarbons.
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6. Conclusions

Smoking represents an independent risk factor for kidney damage, regardless of the
presence of pre-existing chronic kidney disease. Both combustible and non-combustible
nicotine products promote the onset and progression of renal dysfunction through multiple
molecular mechanisms, ultimately leading to CKD and ESKD.

The evidence supports a dose-response and duration-dependent relationship be-
tween smoking exposure and kidney damage, with long-term cessation associated with
a reduced—though not fully reversed—risk of renal impairment. This underscores the
importance of early intervention and smoking prevention across all stages of life.

While conventional cigarettes appear to exert greater nephrotoxicity than non-
combustible alternatives, the latter should not be considered safe. E-cigarettes, HTPs
and oral nicotine products share key nephrotoxic substances—particularly nicotine and
cadmium—and their long-term renal effects remain incompletely understood.

From a clinical perspective, smoking cessation counselling should be considered
a cornerstone of nephroprotective strategies, not only by nephrologists but also by all
clinicians—including general practitioners, cardiologists and internists—who encounter
smokers in daily practice. Every patient who smokes is a patient at risk for kidney disease,
irrespective of their current renal function.

These findings highlight the urgent need for targeted public health campaigns aimed
at primary prevention of smoking, with particular attention to adolescents and young
adults, among whom the use of non-combustible devices is rapidly growing.
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