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Summary

Cigarette smoking remains an enormous public health
problem causing millions of preventable deaths annually
worldwide. Although safe and efficient smoking cessation
pharmacotherapies such as nicotine replacement prod-
ucts and the medications varenicline and bupropion are
available, long-term abstinence rates remain low and new
approaches to help smokers successfully quit smoking are
needed. In recent years, electronic nicotine delivery sys-
tems such as e-cigarettes and heated-tobacco products,
and novel smokeless nicotine delivery products like nico-
tine pouches have gained widespread popularity. These
products can deliver nicotine without combustion of tobac-
co and might thus present an alternative to the currently
available smoking cessation methods if they prove able to
help smokers quit smoking conventional cigarettes while
decreasing their exposure to toxicants. In this narrative re-
view, we provide a summary of the characteristics of these
novel nicotine delivery products and the available data re-
garding their efficacy as smoking cessation tools and safe-
ty profile with a focus on the current situation in Switzer-
land.

Introduction

Tobacco smoking remains an enormous public health prob-
lem and one of the main preventable causes of mortality
and morbidity, causing more than 8 million premature
deaths worldwide every year [1]. According to data from
Switzerland from the last decade, tobacco smoking causes
approximately 9500 deaths annually in the country, while
approximately 30% of the population are smokers [2]. Ac-
cording to the Tobacco Control Scale 2021 in Europe,
Switzerland was the only participating country that had
not ratified the World Health Organization (WHO) Frame-
work Convention on Tobacco Control (FCTC), which in-
cludes policies such as bans on smoking in public spaces
and workplaces and higher taxes on cigarettes and other
tobacco products. The country was ranked second to last
based on the total Tobacco Control Scale score [3].

Tobacco smoking causes various health problems includ-
ing cancer, heart and lung disease therefore persuading
smokers to quit is crucial for public health. Although most
smokers do want to quit, the strong addiction caused by
nicotine can make this process very difficult [4-6]. Cur-
rently available pharmacotherapies to support smokers try-
ing to quit include nicotine replacement products (such
as long-acting nicotine patches and short-acting products
such as nicotine gum, inhaler and spray), the a4f2 nico-
tinic acetylcholine receptor partial agonist varenicline, and
the dopamine and noradrenaline reuptake inhibitor bupro-
pion [5, 6]. The usual therapy duration is three months and
combinations can be used in some cases (e.g. a long- and
short-acting nicotine replacement product or a nicotine re-
placement product in combination with bupropion). Exten-
sive research over the past few decades has shown that
these pharmacotherapies are efficient and safe, yet smok-
ing abstinence rates after 6-12 months still remain very
low (<30%), which highlights the strong physical and psy-
chological addiction caused by smoking, and the need for
novel approaches in the context of smoking cessation [5,
6].

Nicotine is the main driver of addiction in tobacco ciga-
rettes. However, numerous deleterious effects of smoking
can be mainly attributed to other compounds. The com-
bustion of tobacco has been shown to generate a plethora
of carcinogenic and/or otherwise harmful toxicants [4, 6].
Means of delivering nicotine that do not involve combus-
tion could be a useful tool for people trying to abstain from
cigarette smoking, by alleviating their withdrawal symp-
toms and cravings without exposing them to harmful com-
bustion products. Although this is in principle the mech-
anism of action of nicotine replacement products, they
commonly lead to lower nicotine blood concentrations,
with peak levels achieved less rapidly compared to smok-
ing [7]. Since smokers have been shown to titrate their cig-
arette use in order to maintain satisfactory nicotine blood
concentrations [8], providing smokers with inadequately
low nicotine levels might cause relapse.

In recent years, electronic and non-electronic products de-
signed to provide nicotine without the harmful substances
contained in cigarette smoke have become widely popular.
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Some of these products are capable of providing larger
amounts of nicotine compared to the licensed nicotine re-
placement products while delivering fewer toxicants than
tobacco cigarettes. An overview of various currently avail-
able nicotine products is provided in table 1.

However, although the body of evidence regarding the ef-
ficacy especially of e-cigarettes as smoking cessation tools
is constantly growing, research on aspects such as their
long-term safety profile is still sparse [14, 15]. Addition-
ally, this market evolves quickly with newer products ap-
pearing constantly, which poses difficulties regarding the
investigation of their characteristics, safety and toxicity
profiles and the discussions regarding their regulation. Im-
portantly, some of these products are popular among young
people and are often marketed as lifestyle products, thus
raising important risks from a public health view when pre-
viously nicotine-naive individuals start using them.

Based on the nicotine risk continuum, a concept in harm
reduction which places nicotine products in order of risk,
with tobacco cigarettes at one end (highest risk) and nico-
tine replacement products at the other (lowest risk), switch-
ing from a high-risk to a lower-risk product should result
in less harm to the user [16]. In this narrative review, we
provide an overview of the current newer electronic and
non-electronic delivery systems, the available data on their
efficacy and safety in the context of smoking cessation and
some of the implications related to public health and reg-
ulatory aspects, with a focus on the current situation in
Switzerland.

Swiss Med WKkly. 2024;154:3583

Electronic nicotine delivery systems (ENDS)

Electronic cigarettes (e-cigarettes)

In Switzerland, in 2022, 1.7% of the overall population
used e-cigarettes (also called “vaporisers”) daily; the age
group of 15-24-year-olds had the highest prevalence of
monthly e-cigarette use (5.5%) and 32.3% reported having
already tried vaping [17]. E-cigarettes were one of the
first approaches for delivering nicotine without the com-
bustion of tobacco; the original idea dates back to the
1960s (Gilbert HA, Smokeless non-tobacco cigarette US
Patent [18]) and the first commercially launched e-ciga-
rette was introduced in China in the early 2000s (Hon Lik,
Ruyan) [19]. There have been several “generations” of e-
cigarettes since: 1st generation devices (also called “cig-a-
likes” due to their resemblance to combustible cigarettes)
were non-rechargeable and non-reusable; they were fol-
lowed by rechargeable and refillable 2" generation e-cig-
arettes (usually “pen”- or “tank”-shaped) and then 3™ gen-
eration devices that commonly allowed the user to modify
some of the settings such as power [20]. The newer 4"
generation of “pod mod” devices are commonly discreet
in design and easy to use, and can deliver nicotine in high
concentrations [21]. Regardless of the generation, all e-
cigarettes use a liquid (“e-liquid”), commonly containing
nicotine, heated by the device to produce an aerosol (which
is not smoke) that can then be inhaled by the user. Besides
nicotine, e-liquids typically contain propylene glycol (PG)
and vegetable glycerin (VG) in various ratios and flavours
[22, 23]. First generation e-cigarettes contained nicotine in
its free-base form, meaning that the nicotine is mainly non-

Table 1:
Overview of currently available nicotine products.
Product Contains | Contains | Contains | Contains | Temperature reached |Nicotine content Description
nicotine |tobacco |flavours |synthetic
nicotine
Combustible Tobacco |+ + (+) - 640-780 °C [9] ~13.5 mg per cigarette (range: 11.9-14.5 mg); nicotine | Tobacco filled in
cigarettes yield to users: 1-1.5 mg/cigarette [6] paper; combustion
Electronic Nico- | “Heated |+ + (+) - ~160-330 °C [9] Nicotine delivery can be equal to conventional ciga- Tobacco sticks;
tine Delivery tobacco” rettes non-complete
Systems combustion; pyrol-
ysis occurs
E-ciga- + - + (+) Typically 100-240 °C [9] | E-liquid nicotine content from 0 to 20 mg/ml available |Heats up liquid;
rettes (higher temperatures in Switzerland. Nicotine delivery can be equal to to- propylene glycol
reached under e.g. dry |bacco cigarettes, depending on device, puffing behav- | and glycerine as
conditions) [10] iour and e-liquid constituents main ingredients
Smokeless Snus + + + - - Depending on the strength, 12.8 mg on average per Tobacco-contain-
nicotine prod- serving [11] ing pouch placed
ucts under the lip
Nicotine |+ - + (+) - Depending on the strength, 1.79—47.5 mg/pouch (9.48 | Non-tobacco-con-
pouches mg/pouch in median) [12] taining pouch
placed under the
lip
Currently ap- Patches |+ - - - - 7-25 mg/patch, delivery dependent on duration of use |Long-acting; trans-
proved first-line [13] dermal nicotine
nicotine re- delivery
placement ther- [ m - + - - 2-4 mg/gum [13] Short-acting
a
Py Inhaler - + - - ~15 ug per inhalation [13] Short-acting; non-
heated aerosol
Spray + - + - - ~1 mg per application [13] Short-acting; liquid
sprayed into
mouth
Lozenge |+ - + - - 1-2 mg per lozenge [13] Short-acting; dis-
solves in mouth
Sublingual | + - (+) - - 2 mg per tablet [13] Short-acting; dis-
tablet solves under the
tongue

—: no or non-applicable; +: present; (+): optionally present.
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protonated due to its alkaline environment. However, the
newer “pod”-like devices commonly contain acidic addi-
tives to produce a protonated nicotine salt. Nicotine salt-
containing liquids have been shown to be less irritating
when inhaled and can thus deliver nicotine in higher con-
centrations without users finding it unpleasant [24]. This
trend can also be seen in the e-liquid market, where free-
base e-liquids typically contain lower concentrations than
nicotine salt formulations [25]. Local regulations on max-
imum allowed nicotine concentrations exist in some coun-
tries (e.g. 20 mg/ml in Europe [26]), while in other coun-
tries, such as the United States, much higher
concentrations are available. However, products on the
market have been found to contain different amounts of
nicotine than declared on the package and nicotine has also
been found in products declared nicotine-free [27].

A more recent development is the use of synthetic nicotine
in e-cigarettes, initially used by some companies in an ef-
fort to circumvent the U.S. Food and Drug Administra-
tion (FDA) regulations on tobacco products that were de-
fined as “tobacco-derived” [28]. Although this loophole
was closed in 2022, those products are still available on
the market. Some users regard them as more “pure” due to
their use of synthetic and not tobacco-derived nicotine, al-
though the source of the nicotine does not correlate with
the purity grade (for example, licensed nicotine replace-
ment products also contain tobacco-derived nicotine). An-
other important aspect related to the use of synthetic nico-
tine is that tobacco-derived nicotine contains mainly (99%)
the S-nicotine enantiomer, while synthetic nicotine prod-
ucts can be pure S-nicotine or a racemic mixture, contain-
ing both enantiomers (S- and R-) [28-30]. While the effects
of tobacco-derived nicotine in humans have been inten-
sively studied in the past decades, the effects and phar-
macological characteristics of the R-nicotine enantiomer in
humans mainly remain unknown. Currently available data
shows different disposition kinetics of the enantiomers in
some animal species and a lower potency of R-nicotine at
nicotine receptors [28, 31-33]. Such effects could have rel-
evant health implications for users and need to be consid-
ered for further regulation policies.

Other components of e-liquids with potential implications
regarding patterns of use and safety are the various
flavourants. There are currently thousands of different
flavours available, ranging from more “traditional” ones
like tobacco and menthol to the more “creative” ones such
as candies, fruits and beverages [34]. While offering a vari-
ety of flavours might be helpful for smokers seeking to quit
by increasing the taste appeal of these alternative prod-
ucts, concerns regarding flavours include advertising tar-
geted at young people, e.g. with candy- and sweet-like
flavours, and the toxicological properties of the particular
flavours. This has led some countries to restrict all or some
flavours (e.g. only tobacco and menthol flavours can be
sold without authorisation in cartridge-based e-cigarettes
in the United States [35]). Diacetyl, which is associated
with pulmonary dysfunction (bronchiolitis obliterans) in
occupationally heavily-exposed workers (first discovered
in popcorn manufacturing), has been found in some e-lig-
uids as a flavourant compound [36], but at lower levels
than in tobacco cigarette smoke [37]. A toxicological as-
sessment concludes that exposure to diacetyl from e-cig-
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arettes is associated with a significantly increased non-
carcinogenic pulmonary health risk [38]. Benzaldehyde, a
respiratory irritant, has been found in higher concentra-
tions in cherry-flavoured than other e-liquids and often
higher than in tobacco cigarette smoke, however at levels
>1000 times below occupational exposure [39]. Cinnamon
flavour is also of concern, related to cinnamaldehyde lev-
els, as in vitro studies have shown a dose-dependent im-
pairment of mitochondrial function and glycolysis [40].
Flavour aldehydes can also react with other components of
the e-liquid, leading to unpredictable toxicological prop-
erties [41]. Importantly, even if many of these flavourants
are in general considered safe when added in products in-
tended to be ingested, this doesn’t necessarily translate to
safety when inhaled [21, 36, 38]. Furthermore, metals can
transfer from heating coils to e-liquids [42], thereby pos-
ing potential health risks. Of special note in this context
are also the e-cigarette or vaping-associated lung injury
(EVALI) cases reported in the United States during the
summer of 2019, which were later associated with the use
of tetrahydrocannabinol (THC)-containing e-liquids adul-
terated with vitamin E acetate [14]. There is little evidence
that vitamin E acetate was present in nicotine e-cigarettes,
but this does point to the possibility that adulterants can
have unexpected serious adverse consequences. In general,
although long-term safety data is still missing, e-cigarettes,
when used as intended by the manufacturer, appear not
to cause significant adverse effects when used as short-
term substitutes for tobacco cigarettes. In the context of
smoking cessation, safety should also be seen in relation
to the alternative, i.e. continuation of combustible cigarette
smoking, which is expected to be much more harmful than
the use of e-cigarettes. However, at the same time it is im-
portant to discourage the use of such products among non-
smokers and especially young people. It is noteworthy that
data from the United States shows a historical decrease
in smoking prevalence among adolescents in recent years
while the prevalence of e-cigarette use has increased at the
same time, which might indicate that vaping displaces to-
bacco cigarettes for some who would have otherwise start-
ed to smoke [43]. However, other data does not support
this hypothesis [44], and it cannot be excluded that vaping
acts as a gateway to smoking for some [43].

In addition to toxicity and safety, data on the efficacy of
e-cigarettes as smoking cessation aids is needed to inform
decisions regarding their regulation and their potential fu-
ture inclusion as approved alternatives to established evi-
dence-based smoking cessation therapies. However, many
vapers currently use e-cigarettes for pleasure and not as
an alternative to combustible products, and might choose
to continue their use even after successful smoking cessa-
tion. Although the nicotine blood concentrations reached
can vary widely depending on the device and the e-liquid
formulation used, some e-cigarettes have been found to
reach similar concentrations as combustible cigarettes [45,
46]. With standardised puffing to resemble cigarette smok-
ing, the pharmacokinetic curve of e-cigarette usage is sim-
ilarly shaped to smoking a combustible cigarette, which
implicates addictive potential [47]. However, most e-ciga-
rette users do not vape in the same pattern as a cigarette is
smoked, but rather take smaller clusters of puffs at frequent
intervals throughout the day.
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Although high-quality smoking cessation studies using e-
liquid formulations and e-cigarettes of the latest gener-
ations and long-term safety outcomes are still relatively
sparse, a recent study from the UK found double the ab-
stinence rates with e-cigarettes compared to nicotine re-
placement products (18% vs 9.9%) [48]. A large pragmatic
study recently conducted in Switzerland found that the
addition of e-cigarettes to the smoking cessation toolkit
significantly increased continuous tobacco abstinence at
6 months (28.9% vs 16.3%) [49]. The regularly updated
Cochrane review concluded that, despite the limitation of
only a small number of high-quality randomised clinical
trials, there is currently high-certainty evidence that nico-
tine-containing e-cigarettes can increase abstinence rates
compared to nicotine replacement products [14]. Currently,
the above-mentioned Swiss trial is still active, with follow-
ups of up to 60 months planned, and is expected to provide
evidence on the long-term efficacy and safety of these
products [49]. The growing evidence of safety and efficacy
supports the addition of e-cigarettes to the currently avail-
able tools for smoking cessation and current cautious posi-
tions on e-cigarettes might need to be reconsidered [50].

As suggested by the high number of participants who con-
tinued using e-cigarettes after one year in the Hajek et al.
study (80% vs 9% for nicotine replacement therapy) [48],
quitting vaping can also prove difficult for the majority
of users, even after quitting smoking of combustible cig-
arettes. Data on how to effectively assist e-cigarette users
who would like to quit vaping is sparse and therapies that
work for smoking cessation are largely unproven. A re-
cent randomised clinical trial investigated the efficacy of
varenicline in e-cigarette users and found higher contin-
uous abstinence rates during active treatment and after 3
months’ follow-up of no intervention compared to place-
bo [51], while there are also first reports of a benefit of
cytisine in vaping cessation [52]. Another randomised clin-
ical trial investigated a text message-based vaping cessa-
tion programme and found higher 30-day point prevalence
abstinence rates compared to controls; however, the prima-
ry outcome was self-reported [53]. Vaping cessation guid-
ances exist but are largely based on translatability of results
from smoking cessation studies [54].

Treatment options for smoking cessation in pregnant
smokers are quite limited, with both varenicline and bupro-
pion having safety concerns regarding use during pregnan-
cy [55], thus nicotine replacement therapy is often used
first-line. Even though there are concerns about nicotine
use during pregnancy in general, nicotine replacement is
routinely used by smoking cessation counselling services,
as it is considered safer than continuing smoking [56].
A large clinical trial comparing e-cigarettes and nicotine
patches in pregnant smokers found that e-cigarettes were
twice as effective as nicotine patches when accounting for
cross-overs, had similar safety as nicotine patches and de-
creased the incidence of low birth weight [57]. In people
with preexisting cardiovascular disease, e-cigarettes might
contribute to acute cardiovascular events through the sym-
pathomimetic effects of nicotine, but with a risk substan-
tially lower than with tobacco smoking [58]. Exclusive
e-cigarette use was not associated with cardiovascular dis-
ease in observational studies [59].
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Regulation of e-cigarettes varies widely between countries:
some countries give more consideration to the potential
benefits of smoking cessation, including e-cigarettes in
their official stop-smoking intervention guidelines (e.g.
UK [60]); others have banned nicotine-containing e-lig-
uids completely (e.g. Japan [61]) or made them available
only with a physician’s prescription (e.g. Australia [62]).
In Switzerland, nicotine-containing e-liquids are currently
available in concentrations up to 20 mg/ml nicotine. Until
October 2024, e-cigarettes were regulated under the law on
alimentary goods; however, under the new law, they are
classified as tobacco products, with sales to minors explic-
itly prohibited [63, 64]. Until this change in legislation,
there was no age limit for the purchase of nicotine-con-
taining e-liquids at a national level, but some cantons had
banned their sale to minors [65]. In Switzerland, there is
currently insufficient surveillance data on the use of e-cig-
arettes (e.g. prevalence of specific products and devices),
especially of newer products such as those containing syn-
thetic nicotine [65].

In general, although more data is needed to adequately
evaluate the efficacy of e-cigarettes as smoking cessation
aids and their potential long-term health risks, future de-
bates in this area should include a balanced weighing up
of the potential benefits and risks of these products. The
relative risk might be beneficial for certain populations, as
they could represent a safer alternative to combustible cig-
arettes for smokers trying to quit. At the same time how-
ever, the absolute risk is of concern for minors and non-
smokers and policies to limit e-cigarette use among young
people are needed. It should be noted however that very
strict restrictions might lead to people seeking other ways
to purchase these products (as evidenced by a growing
black market in Australia [66]) or smokers relapsing to
combustible cigarettes (as seen after the tax increase for
e-cigarettes in Minnesota [67]). Dual use of tobacco ciga-
rettes and e-cigarettes is common when smokers begin ex-
perimenting with e-cigarettes as a substitute for smoking
and might be needed for some time before they can defini-
tively quit smoking. Sustained dual use should be discour-
aged as the relationship between number of cigarettes per
day and cardiovascular risk is non-linear (relevant risk pre-
sent also with smoking of a very low number of cigarettes
per day) [68] and the toxicant exposure has been shown to
be reduced with exclusive e-cigarette use but not necessar-
ily with dual use of e-cigarettes and combustible cigarettes
[69]. The ideal end goal for minimising health risks should
be tobacco and e-cigarette abstinence in general, but total
nicotine abstinence might not be possible for some heavily
addicted smokers in whom continued use of e-cigarettes
instead of tobacco cigarettes might still represent a useful
harm-reduction tool.

“Heated-tobacco” products

“Heated-tobacco” products (also called “heat-not-burn”)
represent another category of electronic nicotine delivery
systems. Instead of heating a liquid, these devices deliver
nicotine by heating tobacco to a temperature of approxi-
mately 160-330 °C, lower than the temperatures reached
by conventional cigarettes (~800 °C) [9]. In Switzerland,
the currently available heated-tobacco products have been
on the market since 2015, were defined as “other tobacco
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products” until October 2024, but are now regulated as
“tobacco products” [64, 70]. Although currently available
in many countries, their popularity varies depending on
the region, with countries such as Japan and South Korea
among those with the highest prevalence of use [61, 71,
72]. Since the introduction of heated-tobacco products in
Japan in 2016, tobacco cigarette sales have seen an acceler-
ated decline, suggesting that these newer products are used
as alternatives to the latter [73, 74]. However, this associ-
ation is purely observational and other factors could have
caused this decline, a decrease in sales does not necessar-
ily translate to increased smoking cessation numbers and
the situation in Japan does not necessarily translate to oth-
er countries. Longitudinal data suggests that heated-tobac-
co product use does not contribute to quitting among cur-
rent smokers nor prevent former smokers from relapsing
[75]. In Italy, tobacco cigarette smoking prevalence has in-
creased for the first time in decades since the introduc-
tion of electronic nicotine delivery systems (heated-tobac-
co products and e-cigarettes), highlighting the importance
of the environment in which these products exist [76].

Heated-tobacco products are often advertised as less harm-
ful alternatives to conventional cigarettes due to the lack of
combustion [9, 61]. In 2020, the FDA authorised advertis-
ing of certain heated-tobacco products with “reduced ex-
posure” statements but denied “reduced risk” claims [77].
Toxicants are produced even in the absence of combustion
and setting a “safe” temperature limit is difficult [9]. Al-
though a reduced exposure to some toxicants commonly
found in tobacco smoke has been reported, some studies
have found higher exposures to other toxicants [78]. Based
on data from surveys, heated-tobacco products are some-
times perceived as equally or more harmful than e-ciga-
rettes and as less harmful than tobacco cigarettes, albeit not
as often as e-cigarettes [79]. However, it is currently still
challenging to position such products on the continuum of
risk for tobacco products in comparison to other current-
ly available nicotine and tobacco products [80, 81]. A par-
ticular challenge is that most current studies with heated-
tobacco products are tobacco industry-sponsored and there
is generally less data available compared to other electron-
ic nicotine delivery systems such as e-cigarettes [15]. A
Cochrane review aiming to investigate the available evi-
dence for heated-tobacco products in the context of smok-
ing cessation stated that cessation was not reported in any
of the included studies and that there is currently moderate-
certainty evidence that these products lead to lower toxi-
cant exposures compared to conventional cigarettes [15].

Non-electronic smokeless nicotine delivery products

Various smokeless tobacco and nicotine products exist in
different regions of the world. For example, in South-East
Asia lime-flavoured tobacco leaf flakes called zarda are
often chewed in combination with betel quid; in South
America, mainly Venezuela, a cooked tobacco paste called
chimd is used by placing it under the tongue or between the
lip and the gum [82]. In some parts of Europe, snus has tra-
ditionally been the predominant form of tobacco consump-
tion. It originated in Sweden and has a long tradition of
use in Nordic European countries [83]. Snus is moistened
ground tobacco, which is often mixed with flavourants and
sold loose or in portioned sachets. Users place snus be-
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tween the upper lip and the gum, where its constituents,
such as nicotine, are absorbed through the oral mucosa.
Nicotine pouches are products that look very similar to
snus and have entered the market in recent years. They are
sachets filled with a cellulose matrix containing nicotine,
flavourants and other adjuvants [84]. However, an impor-
tant difference between snus and nicotine pouches is that
the latter do not contain tobacco.

The sale of snus, as with all oral tobacco products, has
been banned in the European Union since 1992. However
an exemption was granted to Sweden when it joined the
European Union in 1995, owing to its long historical use
of the product [85]. Switzerland banned snus in 1995, but
lifted the ban in 2019 [86]. However, the sale of nicotine
pouches was never prohibited by the European Union or
Switzerland, as they do not contain tobacco and are there-
fore not covered by these regulations. Nevertheless, the
regulation of nicotine pouches within the European Union
varies widely as the Netherlands and Belgium both banned
their sale in 2023 [87]. In Switzerland, 2% of the pop-
ulation reported using snus or nicotine pouches in 2022.
Users are commonly young (6.5% of the 15-24 vs 0.6%
of the 45-64 year age groups) and male (3.5% of men vs
0.6% of women) [17]. In comparison, use of snus in Swe-
den is much more widespread with 17.1% of the popu-
lation using snus in 2022. While — similarly to Switzer-
land — men were more likely to use snus than women
(23.7% vs 10.4%), age differences were less pronounced
(21.6% of 16-29-year-olds vs 17.5% of 45—64-year-olds)
[88]. In the United States, nicotine pouches entered the
market in 2016, whereas they were introduced in Europe
in 2018 [87]. In a survey conducted in the United States
in 2022, 14% of 15-24-year-olds reported past-30-day use
of nicotine pouches [89]. According to data from Norway,
a decline in smoking prevalence has been seen with a si-
multaneous increase of snus prevalence, especially among
young women [90]. In 2019, the FDA granted for the first
time a modified-risk tobacco product status, which was
given to specific snus products [91]. This status allows
certain manufacturers to actively promote these products
with a reduced harm claim. Similarly to e-cigarettes, many
countries’ regulations fail to cover nicotine pouches con-
taining synthetic nicotine [92].

Snus and nicotine pouches have similar pharmacokinetic
properties [93] and can therefore be viewed similarly for
many aspects of abuse liability and their potential role in
smoking cessation therapy. However, while nicotine con-
tent in snus is reported to be relatively uniform without any
massive outliers (average of 12.4 mg per pouch) [11, 94],
some nicotine pouches have been reported to contain up
to 47.5 mg nicotine [12]. Furthermore, manufacturers of-
ten describe the strength of nicotine pouches with arbitrary
scoring systems or descriptors, such as “easy”, “medium”
or “extreme”, without any clear label such as “mg nicotine
per pouch” or “mg per gram”. Compared to combustible
cigarettes, snus and nicotine pouches can reach similar
nicotine peak concentrations (Cy,,x) and exposure (estimat-
ed by the area under the concentration-time curve [AUC]).
However, the time to peak concentration (t,,y) of 60 min is
longer than with combustible cigarettes (approximately 2
min after finishing smoking) [95, 96]. Rapid systemic up-
take is a crucial determinant of abuse liability, with faster
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uptake leading to stronger reinforcement [97]. Therefore,
snus and nicotine pouches can be expected to have less
abuse liability than combustible cigarettes. Nevertheless,
snus can cause strong addiction, as highlighted by a
Swedish survey in which participants reported using snus
a median of 70% of their daily waking hours [98]. At the
same time, rapid uptake of nicotine is also a determinant
of how satisfactory these products are [99], since slow
or inadequate delivery of nicotine might not be satisfying
enough for users, leading to failure to compete with and
replace tobacco cigarettes. There is thus a connection be-
tween abuse liability, satisfaction and competitiveness of
nicotine products that needs to be considered in the context
of regulatory discussions and decisions.

Unlike cigarette smoking, snus does not expose users to
toxicants generated by combustion of tobacco. Neverthe-
less, snus contains various known toxicants and carcino-
gens, of which tobacco-specific nitrosamines (TSNA) are
the most prevalent [100]. Tobacco-specific nitrosamines
are generated during curing of tobacco and are present in
all tobacco products. However, large regional differences
exist. Snus from e.g. the United States commonly contains
higher levels of tobacco-specific nitrosamines than snus
from northern European countries (Swedish-style snus)
[101]. This can be largely attributed to voluntary quality
standards introduced by the industry for Swedish-style
snus [83], leading to decreases in tobacco-specific ni-
trosamine levels of 85% between 1983 and 2004 [102].
Use of smokeless tobacco products has been associated
with adverse health outcomes in studies from the United
States. It has been found to be associated with a higher
prevalence of oral cancer [103], stroke and heart disease
[104], whereas mixed results exist for overall mortality
[105] compared to no use. Studies investigating Swedish-
style snus on the other hand found no association with oral
cancer [106], whereas there seems to be an increased risk
of oesophageal and pancreatic cancer [107]. Pooled analy-
ses of prospective studies conducted in Sweden found no
increased risk of myocardial infarction and stroke in snus
users [108, 109] whereas other studies found increased risk
of stroke in snus users who never smoked [110] and nearly
halved mortality risk in snus users who quit after myocar-
dial infarction [111]. There is evidence for higher overall
mortality for snus users, even after accounting for smok-
ing [112]. In summary, the evidence indicates that the risk
of oral cancer in particular and total cancer in general are
much lower with the use of snus compared to cigarette
smoking [107, 113]. In general, the consumption of smoke-
less tobacco seems to be less harmful in Sweden than in
other regions such as the United States, which can most
likely be explained by reduced toxicant levels [105].

Nicotine pouch manufacturers often advertise their prod-
ucts with direct or indirect health claims, depending on the
countries’ respective advertising regulations. For example,
in Switzerland, some manufacturers advertise their prod-
ucts with statements such as “99% less toxicants” [114],
while in the United States manufacturers use indirect
health claims by stating that their products are “smoke-
free” or “tobacco-free” [115]. Recent studies show that
nicotine pouches contain very low levels of tobacco-spe-
cific nitrosamines; however traces can still be found in
some products [12, 116]. Compared to licensed nicotine
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replacement products, which are manufactured according
to high pharmaceutical standards, tobacco-specific ni-
trosamine traces seem to be higher in nicotine pouches, re-
flecting their laxer regulation [12]. Other toxicants known
to be present in tobacco smoke or oral tobacco, such as
metals or volatile organic compounds, are lower/not de-
tectable in nicotine pouches compared to snus or tobacco
cigarettes [116]. Only formaldehyde has been found in
comparable levels to snus, however it probably represents
no toxicological concerns at such low levels [116]. In a
study from the same research group, users of nicotine
pouches were compared to never smokers and had com-
parable levels of biomarkers of exposure to known toxi-
cants, such as tobacco-specific nitrosamines, volatile or-
ganic compounds or polycyclic aromatic hydrocarbons
[117]. Long-term studies of health outcomes in nicotine
pouches users are still lacking.

Studies on cessation of smokeless tobacco products have
mostly investigated the same evidence-based therapies that
are used for smoking cessation. The current knowledge has
been summarised in a Cochrane meta-analysis [118]: Most
available data is on varenicline, which seems to have a
positive effect (relative risk [RR] 1.34, confidence interval
[CI] 1.08-1.68), while a possible benefit of bupropion was
inconclusive, partly due to a low number of overall par-
ticipants (RR 0.89, CI 0.54—1.44). Nicotine lozenges seem
to increase abstinence rates (RR 1.36, CI 1.17-1.59), how-
ever confidence in this effect seems limited due to risk of
bias. Other nicotine replacement therapies, such as nico-
tine patches (RR 1.13, C1 0.93-1.37) or nicotine gums (RR
0.99, CI 0.68-1.43), do not seem to have a positive effect.
The efficacy of these pharmacological interventions seems
to be lower than in smoking cessation. Similarly to tobacco
cigarette smokers, behavioural interventions, such as tele-
phone support (RR 1.77, CI 1.57-2.00), can increase absti-
nence rates [118].

The smokeless nicotine market is dynamic as novel prod-
ucts continue to appear. New products often follow the
trend of pharmaceuticalisation in the tobacco industry
[119], so that recreational nicotine products more strongly
resemble approved nicotine replacement therapies. More
niche products include dissolvable products, such as
lozenges or gums for recreational use or nicotine tooth-
picks [120]. While dependence on licensed nicotine re-
placement products among never-smokers is relatively un-
common [121], these products are also not targeted at
never-smokers. In the United States, recreational nicotine
lozenges and gums are sold by major tobacco manufactur-
ers [122]. Although they resemble approved nicotine re-
placement therapy products, they are sold in various sweet
or fruity flavours (e.g. mango or citrus), are not approved
for cessation therapy and specifically target recreational
users [122]. Furthermore, flavoured nicotine gummies are
sold, which clearly resemble candies [122], raising again
major concerns about their appeal to children and young
adolescents [120].

Conclusion

Potential new approaches to assist smokers willing to quit
by providing to them nicotine without the step of tobacco
combustion include electronic systems such as e-cigarettes
and “heated tobacco” and non-electronic products such as
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nicotine pouches that — in contrast to snus — do not con-
tain tobacco. Evidence-based education of the public about
the potential risks of the various currently available nico-
tine products and their place in the nicotine harm contin-
uum [16] is pivotal to promote smoking cessation among
adult smokers and to prevent their use by young people
[123]. However, in this highly dynamic market with new
products constantly appearing within a currently still lax
regulatory environment, it is difficult for research to keep
pace by conducting in-depth studies on their potential ef-
ficacy and toxic effects. Further challenges include the es-
tablishment of adequate regulations in order to promote
smoking cessation while at the same time protecting vul-
nerable populations such as young people from nicotine
addiction and toxicant exposure. Independent randomised
clinical trials as well as policy analyses and social science
research investigating the questions mentioned above are
urgently needed to provide the necessary basis to address
these uncertainties and lead future discussions. Neverthe-
less, current data has already provided reasonable grounds
for adding e-cigarettes to toolkits in smoking cessation
therapy and cautious positions might need to be reconsid-
ered. Smokers willing to quit should be encouraged to use
approved smoking cessation therapies as first-line and to
avoid dual use of tobacco cigarettes if they decide to use an
alternative nicotine product; at the same time it is crucial
to discourage use by young people and non-smokers [123].
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