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Background: Alternative tobacco and nicotine products such as electronic cigarettes (EC),
smokeless tobacco, and nicotine replacement therapy (NRT) are currently being assessed as
options in tobacco harm reduction due to their potential role in smoking reduction and
smoking cessation.

Objective: To provide the current evidence on the effectiveness and safety of various
alternative tobacco and nicotine products for smoking reduction and cessation.

Methods: A systematic review using databases from MEDLINE (PubMed), EMBASE, and
The Cochrane Library was conducted up to December 2020 to identify eligible experimental
and observational studies assessing the use of alternative tobacco and nicotine products on
smoking reduction and smoking cessation and the safety of these products. The Cochrane
Risk of Bias 2 (RoB 2) and ROBINS-I tools were used to assess the risk of bias of the
included studies. Results were described through a narrative synthesis of the evidence.
Results: From 1955 retrieved references, 44 studies (31 randomized controlled trials/RCTs
and 13 prospective cohort studies) met the inclusion criteria and were included in the review.
Twenty-nine studies were assessing EC, one study evaluated heat-not-burn (HNB) product,
five studies were focused on snus, and nine studies assessed NRT in the form of nicotine
patch, gum, etc. The overall results suggested that alternative tobacco and nicotine products
in the form of EC, snus, and NRT can moderately reduce daily cigarette consumption and has
potential to assist smoking cessation attempts, with fewer adverse events.

Conclusion: The findings suggested that alternative tobacco and nicotine products have
a potential role in assisting smoking reduction and cessation, highlighting their role in the
tobacco harm reduction approach. Further studies should focus on investigating long-term
outcomes, safety, and effectiveness of alternative tobacco and nicotine products to better
inform smoking reduction/cessation policy.

PROSPERO Registration Number: CRD42020205830.

Keywords: cigarette smoking, smoking cessation, smoking reduction, nicotine, e-cigarettes,
snus, nicotine replacement therapy, harm reduction

Background

Smoking is the most significant modifiable risk factor of morbidity and mortality,
associated with a wide range of diseases, such as chronic obstructive pulmonary
disease (COPD), coronary heart disease (CHD), stroke, lung cancer, and other chronic
diseases.' ™ The prevalence of COPD, in particular, increased with prolonged smoking

duration both in men and women.> Smoking-related illnesses are estimated to cause
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more than eight million deaths annually, worldwide.® Recent
population-based studies showed that prolonged smoking
was associated with 10 years reduced life expectancy, and
cessation before the age of 40 reduced the risk of smoking-
related death by up to 90%.”* Evidence suggests that
approximately half of the smokers reported having made
a quit attempt in the past year, but less than 10% of such
attempts succeed.”'”

Behavioral approaches such as cognitive behavior therapy,
group therapy programs, or individual counseling sessions
with or without pharmacotherapy, eg, varenicline, bupropion,
etc, have been proven effective for smoking cessation
interventions.'"'> In patients with COPD, improved lung
function and respiratory symptoms were observed in those
who received nicotine partial agonist, in addition to individual
counseling.'*'* However, these interventions have to be deliv-
ered by professional facilitators such as physicians, clinical
psychologists, nurses, etc.'? Alternative tobacco and nicotine
products such as nicotine replacement therapy (NRTs), elec-
tronic nicotine delivery systems (ENDS), electronic cigarette
(e-cigarette/EC), and low-nitrosamine smokeless tobacco, are
self-help initiated, less invasive interventions that have the
potential to assist cessation by attenuating withdrawal
symptoms.'>'® These adjunct strategies facilitate a transition
to abstinence, typically by providing either a markedly lower
level or no nicotine, but with much-reduced health risks as
a substantially lower amount of harmful chemical constituents
are present.'”?° Several clinical trials showed that alternative
nicotine and tobacco products were more effective for facil-
itating sustained abstinence and rated significantly more plea-
sant than other interventions.”'** These harm reduction
attempts have the potential to generate tangible public health
benefits; nevertheless, this is counterbalanced with concern
regarding widespread re-normalization of addiction behavior
and its adverse consequences.”>*** In a small-scale laboratory-
based study, Vardavas et al showed that adverse pulmonary
effect was observed following the use of alternative nicotine
products.” Previous studies showed that the alternative
tobacco and nicotine products are currently used by 0.5-5%

of the adult population,”®2*

with up to 20% of smokers using
these products as reduction/cessation aid.>* > However, there
is little clarity regarding the overall effectiveness and safety of
the alternative tobacco and nicotine products and their role in
smoking reduction and cessation,'’**

Assessing the risks and benefits of the alternative tobacco
and nicotine products are challenging due to the lack of

36,37

accurate biomarkers and paucity of evidence in this

regard.***? A comprehensive understanding of the role of

these products is important to better inform tobacco harm
reduction policy. Previous systematic reviews have been con-
ducted, but these reviews primarily focused on a single form of

alternative tobacco and nicotine products,' >3840 §id not

investigate the safe‘[y,‘“’42

and performed within the context of
a single country, limiting its generalizability.”> Thus, this
comprehensive systematic review was performed to provide
an understanding of the overall effectiveness and safety of the
alternative tobacco and nicotine products for smoking reduc-

tion and/or cessation.

Methods

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA; Supplementary materials).**

The objectives and methods of this review were registered
in the International Prospective Register of Systematic
Review (PROSPERO; Supplementary materials).

Search Strategy
The following databases were used to identify relevant
literature, ie, MEDLINE (PubMed), EMBASE, and The
Cochrane Library up to December 2020. A systematic
search was conducted in these electronic databases to
identify relevant studies on the topic of alternative tobacco
and nicotine products. The definition of alternative tobacco
and nicotine products in this study included heat-not-burn
(HNB) products, electronic cigarette (EC), smokeless
tobacco such as chewing tobacco, snuff, and snus, and
nicotine replacement therapy (NRT) in the form of gum,
transdermal patch, nasal spray, oral inhaler, etc.*”*
Details on the definition of alternative tobacco and nico-
tine products are provided in Supplementary materials
Table S1.

The following keywords were used for the search:

“Electronic Nicotine Delivery Systems” OR “E-Cigarette
Vapor” OR “Vaping” OR “e-cigarette” OR “tobacco, smo-
OR OR
“tobacco, waterpipe” OR “Smoking Water Pipes” AND

keless” “Tobacco Use Cessation Devices”

“drug-related side effects and adverse reactions” OR
“Smoking Cessation” OR “Smoking Reduction” (for
search in all databases see

details on strategy

Supplementary materials Table S1).

Study Selection

The search records from all electronic databases were
exported to Mendeley reference manager and checked for
duplicates. Screening process was carried out in two
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stages, ie, initial screening based on title and abstracts
followed by full-text screening. Both screening processes
were independently performed by two reviewers (NZ and
FVP). Any discrepancies were resolved by consensus or
by discussions with a third and fourth reviewer (AAS and
WNI). The following inclusion criteria were used for the
screening process: published articles were selected if they
assessed the utilization of alternative tobacco and nicotine
products in terms of smoking reductions and smoking
cessation or assessing the safety profile of alternative
tobacco and nicotine products in terms of reported clinical-
related adverse event or clinical and laboratory-measured
adverse events in the adult population, published in the last
10 years. Studies on animals and cells, any protocol arti-
cles, conference proceedings, review articles, and non-
English studies were excluded in the initial screening
process. In the full-text screening, we included both
experimental (randomized-controlled trials/RCTs) and
observational studies (retrospective/prospective cohort,
case-control design and nonintervention arms of rando-
studies,
sectional, case series, and case reports were excluded.

mized controlled trials). Irrelevant Cross-

Data Syntheses and Extraction

From each included study, two reviewers (NZ and FVP)
extracted data using a predetermined standardized data
extraction form. This form was approved by all authors
and amended as required. We extracted data regarding
study characteristics (author, year of publication, country,
study design, characteristics of participants, number of
participants, type of interventions, outcome measure,
length of study and funding source), and study design.
We also extracted study outcomes in terms of smoking
reduction, smoking cessation and adverse events along
with its reported effect measures.

Risk of Bias and Quality Assessments

Risk of bias and quality assessments were independently
evaluated by two reviewers (NZ and FVP) using The
Cochrane Risk of Bias 2 tool (RoB 2) for RCTs, in
which each included study was assessed qualitatively
using five domains ie, randomization process, deviations
from intended interventions, missing outcome data, mea-
surement of the outcome, and selection of the reported
result.’® The overall bias for each study was then classi-
fied as high, some concerns or low risk of bias, based on
the criteria listed in the RoB 2 detailed guideline.’’ Risk
of bias graph was derived from this tool. The ROBINS-I

tool was used for assessing the risk of bias in nonrando-
studies.’® The

domains were evaluated, ie confounding, selection of

mized and observational following
participants, classifications of interventions, deviations
from intended intervention, missing data, measurement
of outcome and selection of reported results. The overall
risk of bias from these domains was qualitatively cate-
gorized as critical, serious, moderate or low risk of bias,
based on the criteria explained in the ROBINS-I detailed
guideline.”

Results

Systematic Search

The initial search retrieved 1955 records in PubMed,
Embase and the Cochrane Library. After removing 363
duplicates, 1592 articles were screened by title and
abstract, excluding 889 records. After the full text screen-
ing on 703 articles, 43 articles were included in the sys-
tematic review (Figure 1). One extra relevant study®* was
identified from the included references, resulting in the
final inclusion of 44 studies.

In terms of study design, 31 studies were RCTs
(experimental) and the remaining 13 studies were prospec-
tive cohort studies (observational). Based on criteria of
alternative tobacco and nicotine products explained pre-
viously in the methods, 29 included articles were assessing
EC,?>%%2 in which 16 articles were RCTs,***> %’ and 13
studies were prospective cohort studies,””®* one RCT
assessing HNB products,® five RCTs assessing snus (cate-
gorized as smokeless tobacco)'®>***% and nine RCTs
focusing on NRT (eg, nicotine patch, gum, etc).®’*> We
did not find any observational studies in categories other
than EC products.

Characteristics of Included Studies

The general characteristics and study outcomes of
included studies are provided in Table 1. The majority of
the studies were assessing EC (68%), followed by NRT
(21%), smokeless tobacco (9%) and HNB products (2%).
Most of the included studies were carried out in high-
income countries, such as the USA (20/43), Italy (7/43)
and the UK (5/43). The length of included RCTs varied,
from days, weeks, to one year. Details on the outcomes in
smoking reduction, smoking cessation and adverse events
of the included studies are summarized in Supplementary

materials. Table S1
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PRISMA Flow Diagram

5
£
£

1955 records identified through databases
searching in Pubmed, EMBASE, The Cochrane

| 363 duplicates

| 1592 articles screened

703 full-text articles d for

889 articles were excluded:

A. Different topic (besides alternative tobacco products or ATP): 605
B. Studies on animals/cells: 21

C. Protocol/ conference proceeding/ review: 252

D. Non-English studies: 9

E. Irretrievable: 2

eligibility

1 Extra included reference from
snowballing references

R

660 Pragmatic articles were excluded:

A. Non Experimental or observational studies: 129

B. Not assessing the use of ATP for smoking cessation/reduction, or assesing
safety of ATP in adult, healthy, general population without comorbid: 505

C. Considering a combination of interventions not listed as one of the pre-

44 articles included for review

determined ATP categories: 19
D. Article older than 2010: 5
E. Irretrieveble: 2

Figure | PRISMA flow diagram of study selection.

Notes:PRISMA figure adapted from Moher D, Liberati A, Tetzlaff |, Altman DG, Group TP. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA
statement. PLoS Med. 2009;6(7):e1000097.** © 2009 Moher et al. Creative Commons Attribution License.

Smoking Reduction

22,55-57,59,63,66,68,69

There were nine RCTs and nine pro-

spective cohort studies’®"*7%%%2 in the EC group, four
RCTs on snus'®**%8¢ and two RCTs on NRT®*”**! which
evaluated the effect of alternative tobacco and nicotine
products in smoking reduction. Although variation in num-
ber of participants and length of the study was observed
between included RCTs in the EC group, all studies
reported moderately smoking reduction among trial parti-

cipants, in which five studies®>>-7:63:6

reported approxi-
mately 50% or more reduction in the number of cigarette
consumption per day. In addition, three studies reported
a greater reduction in nicotine EC compared to non-
nicotine EC.%*°*%° Results from cohort studies suggested
that the use of EC resulted in

a considerably decreased number of cigarettes per day,’'”
74,8082

a similar trend,

and that EC use was associated with higher odds of
reduced daily cigarette consumption.””’* Nevertheless,
contradictory results were also observed among studies,
as two studies argued that EC might decrease the like-
lihood of lowering cigarette consumption.”®’®

Studies on the use of snus for smoking reduction sug-
gested that snus can lead to a decline in number of cigar-
ettes used per day, although the observed reductions were
moderate, approximately in a range of 20-30%.'®5%%¢ In
addition, one study that defined their primary endpoint as
smoking reduction >50% suggested that there was no

statistically significant difference between snus and the
placebo group, although the proportion of participants
that reported more than 75% reduction was significantly
higher in the snus group.>* Two out of four included RCTs
on snus suggested that snus may be inefficient as a harm
reduction approach compared to another type of alterna-
tive tobacco and nicotine products, ie nicotine gum,*® and
that provision of snus did not increase smoking
Furthermore, that RCTs that focused on
NRT in the form of nicotine gum and transdermal nicotine

abstinence.'®

patches also reported a moderate reduction in cigarette

: 1
consumption. 87.9

Smoking Cessation

In terms of smoking cessation, seven included RCTs
57,59,66,69

22,55

and all included prospective cohort studies’®

assessing EC were observing the quit attempts among partici-
pants. Due to variation in the length of the study, the definition
of smoking cessation was also varied between studies. All
seven RCTs had a long duration of observation, and smoking
abstinence was observed in a prolonged manner, ie, continu-
ous abstinence ranging from six months to one year. Overall,
the results from seven RCTs in the EC group suggested a very
modest portion of subjects who were abstinent from cigarette
smoking > 3796069 The results from cohort studies
showed conflicting results with regard to smoking cessation.
Ten cohort studies indicated that the use of EC was associated
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with a higher likelihood of smoking abstinence and that EC
increased the odds to abstain from cigarettes,”' /476777982
while three cohort studies suggested that any EC users may be
at increased risk for smoking cessation failure and that the use
of EC was associated with lower success rate to quit
smoking,”*">"® with reported adjusted odds ratio (aOR)
0.41; 95% confidence interval (CI): 0.186-0.93,”° aOR 0.4,
95%Cl: 0.2-0.8"® and aOR 0.25, 95%CI (0.11-0.57).” In
addition, three studies showed that single user EC had much
higher odds to abstain from cigarette consumption than dual
users (EC+ cigarette).73’76’79 In addition, there was variation in
the length of observed abstinence among the included pro-
spective cohort studies, ranging from seven days to 12 months
follow-up.

Studies on snus as a smoking cessation method were also
unequivocal in their conclusion of whether snus can be an
efficient harm reduction approach. Two studies showed that
snus was approximately two to three times more efficient in
attaining continuous abstinence compared to placebo’*5*
while two other studies suggested that snus could reduce
the likelihood to quit smoking and that snus may not be an
ideal way in reducing tobacco harm.'®*® Moreover, overall
NRT use showed that they helped in sustaining smoking
abstinence and that two studies’*””

effect of NRT combination in abstinence rate. More details

observed a synergetic

on study outcomes, including length of abstinence in each
study, are provided in Table S1.

Adverse Events

Adverse events were either self-reported or laboratory-
measured. Almost all RCTs studies in the EC group were
assessing its potential adverse events (14 out of 16
studies).”>>>2%->%767:69 Iy addition, five out of 13 prospec-
tive cohort studies on EC also reported adverse
events.’®”®2 The most frequently reported adverse events
in the EC group were classified as mild, such as cough,
mouth, and throat irritation, headache, difficulty sleeping,
and abnormal dreams. Two studies reported the incidence
rate of adverse events of nicotine EC compared to nicotine
patches (1.05, 95%CI: 0.82—1.34)> and incidence rate
associated with the use of EC (1.60, 95%CI: 1.55
—1.65).°° Overall results indicated no significant interven-
tion-related severe adverse events. Similar results were
also observed in EC cohort studies, that the most fre-
quently reported adverse events were moderate eg, mouth
and throat-related problems. The only included HNB study
reported the safety profile of tobacco heating system

(THS) and indicated only moderate adverse events as

well, for instance, headache, oropharyngeal pain, and
abnormal spirometry, with the estimated incidence of
62.5% in THS and 70.7% in the cigarette group.®
Moreover, all studies assessing snus reported intervention-
related adverse events. Four studies comparing smokers
who were randomized to use snus and no snus (identified
as control or placebo) showed that the adverse events were
more frequently reported in the snus group compared to
the control group.'®**%%5 The adverse events were
mostly considered mild eg, nausea, burning in throat, and
mouth, and stomach problems. One study assessed the use
of snus vs nicotine gum for different gender showed that
women were more likely to inform adverse events during
the study than men.%

In addition, three NRT studies that assessed the use of
tobacco lozenges,®” nicotine metered spray,*” and nicotine
patches’® described that the adverse events were more
common in the intervention group rather than in the con-
trol or placebo group. The reported adverse events were
mostly mild, however one study suggested the occurrence
of severe adverse events ie, acute coronary syndrome,
which was possibly related to the use of nicotine
patches.”® The remaining studies on NRT suggested rather

moderate adverse events.’ %39

Risk of Bias and Quality Assessment
Across the 44 articles included in this review, 31 studies
were RCTs. According to study design classification in the
RoB 2 tool, 29 studies!8-2234757:59-63.65-69.83-95 et clas-
sified as parallel-group trials and the remaining two were
categorized as crossover trials.”®*®* Based on RoB tool
assessment, 22 studies out of 31 included RCTs (71%)
had some risk of bias, two studies had high risk of bias
(6%) and seven studies were deemed low in their risk of
bias assessment (23%). In details, 96% of studies had low
risk through a selection of the reported result, 96% studies
had low risk from measurement of the outcome, 78% had
low risk of bias from missing outcome data, 70% were
assessed as had a low risk of bias through deviations from
intended interventions, and 44% studies had low risk of
bias from randomization process. Figure 2 depicts the risk
of bias assessment in these 30 included RCTs.

According to ROBINS-I tool to assess the risk of bias
in the included observational studies, seven out of 13
studies (54%) had serious risk of bias and six studies had
moderate risk of bias (46%). The overall risk of bias
assessment from RoB 2 and ROBINS-I can be seen in
Table 1.
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Figure 2 Risk-of-bias assessment of 3| randomized controlled trials in the included studies.

Discussion

This systematic review described the utilization of alternative
tobacco and nicotine products in terms of assisting current
cigarette smokers in reducing their daily cigarette consump-
tion, and smoking cessation by tempering withdrawal symp-
toms. This review also defined the potential adverse events that
could occur due to using different types of alternative tobacco
and nicotine products. Overall, the results indicated that the use
of alternative tobacco and nicotine products had the potential to
encourage smoking reduction by decreasing the number of
cigarettes the current smokers used, even though variations in
the efficacy of different products were observed. EC with or
without nicotine, snus, and NRT were observed to have
a moderate effect in the smoking reduction.'®**>
57:59.63.66.68-74.78.80-82.8587.91 \oreover, the effectiveness of
alternative tobacco and nicotine products on smoking cessation
was consistently observed in almost all included experimental
and observational studies, even though the abstinence verifica-
tion method and the degree of effectiveness were varied among
different products. Even if the effectiveness is considered
moderate, the use of these products was observed to associate
with a reduction in the number of cigarettes used, which is
prominent in highlighting the substantial evidence demonstrat-
ing that gradual reduction in cigarette consumption could
further initiate future quit attempts.*®

Among all alternative tobacco and nicotine products,
EC was the most frequently examined product to aid
reduction/cessation among the included studies (n=18/
44). In addition to helping relieve nicotine withdrawal
similar to other interventions, EC use was regarded as an
effective behavioral substitute, as it addressed additional
sensory and behavioral cues of smoking.>>>° The existing
literature suggested that EC might be helpful in reduction/
cessation attempts, with several RCTs consistently report-
ing EC as superior compared to the NRT.?**> Another
recent trial conducted in the context of the stop smoking
service in England further demonstrated that using EC as
a cessation aid was likely to be cost-effective compared to
NRT in the same setting. It generated a significantly higher
one-year quit rate and incurred lower costs than NRT.”®
Further studies comparing clinical efficacy, as well as the
economic benefits of these interventions, are required to
determine the generalizability of this finding.

Similar to previous reviews, we found that short to
medium-term use of EC was associated with few adverse
events, of which the large majority were considered non-
serious, ! 7+38:38:60:63-66.76 The Jongest follow-up period was
observed in a study by Polosa et al, showing that EC was
well-tolerated during six-months use with no major
adverse event (requiring hospitalization/unscheduled pri-
mary care consultation) occurring during the two-year
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follow-up period.®' In addition, potential pulmonary and
cardiovascular benefit was observed in a study where
cigarette smokers changed partly or completely to EC for
five days,”” suggesting potential for harm reduction.
Nevertheless, clinical evidence on long-term impact has
yet to be characterized. Several studies have shown that
toxicants generated from filler (eg, glycerol, polyglycerol)
and nicotine inhalation in ECs might contain carcinogens,
oxidants, and irritants, such as formaldehyde, acetalde-

9798 and its chronic

hyde, methylglyoxal, and acrolein,
exposure has been associated with inflammation.”® Yet,
previous study showed that compared with combustible
tobacco products, ECs contain a significantly lower level
of toxicants.'® Understanding whether lower exposure to
these toxicants will result in tangible long-term health
benefit/harm is urgently required.

Although the findings from this review indicated that
ECs might be one of the potential strategies in tobacco
harm reduction, it should be emphasized that since EC
products were very diverse in both design and character-
istics, the effectiveness and safety might differ as well.
Exposure to nicotine and other potentially toxic substances
in ECs was varied and depended largely on product char-
acteristics, such as liquid constituents, device characteris-
tics, and settings.'*"'*% In addition, the risk of smoking
relapse in a former smoker using ECs remains unclear. The
most recent systematic review and meta-analysis study
showed an increased risk of smoking relapse among EC
users (RR 1.38 (95%CI: 1.11-1.65)). However, this pooled
estimate was based on very few studies (three studies in
the quantitative analysis).'*> Therefore, more studies are
needed to further confirm this finding.

Besides, the included studies primarily focused on the
potential effectiveness of ECs for smoking reduction and
cessation in adult smokers, when in reality, these products
were also being used by youth, possibly those who had
never tried cigarettes.'®® There are also increasing public
health concerns that ECs may renormalize “smoking-like”
behavior, particularly among youth. The prevalence of EC
use among adolescent populations is currently increasing,
posing a concern whether ECs are exposing this vulnerable
group to nicotine. Although there is evidence that ECs are
considered safer in comparison to cigarettes, the early
exposure to nicotine may predict concerning patterns of
future nicotine wuse. In addition, there have been
reports of pulmonary risks such as the condition electro-
nic-cigarette-associated lung injury (EVALI) and neuro-
developmental effects.'®* Furthermore, very little evidence

existed on EC as a smoking cessation approach among
youth.'*?

In order to assess EC as one of the tobacco harm
reduction approaches at a population level, a thorough
understanding of the estimation of both potential benefits
and harms from EC should also be taken into account. In
addition, the huge variation in terms of length of studies
and the number of participants in the included studies in
this review suggested that more well-designed RCTs and
observational studies are needed to further clarify our
findings.

Studies on the use of snus for smoking reduction were
not unequivocal in their conclusion whether snus can be an
efficient smoking reduction/cessation approach.'®838¢ In
one of the largest trials involving 1236 participants that
reported snus decreased quit attempts, the provision of
snus was unguided without any additional support.'® The
importance of behavioral support as an adjunct for smok-
ing reduction/cessation programs has been underlined by
a previous Cochrane review by Hartmann-Boyce et al.'*®
This review showed high-certainty evidence that provision
of behavioral support (eg, group therapy/individual coun-
seling, either in-person or by telephone; written material),
in addition to pharmacotherapy was likely to increase quit
attempts by up to 20%, based on pooled estimates from 65
trials.'*%1%7

Previous meta analysis comprising two RCTs investi-
gating effectiveness of snus showed that snus increased
quit rates.'® Nevertheless, both trials had relatively small
sample sizes (n=250 and 319), and both success rates were
relatively low.”*** Snus had been reported as the preferred

109-111 and

method for quitting in Scandinavian countries,
previous observational studies using self-reported data
confirmed that compared with the NRT, snus increased

probability of cessation,''?

presumably owing to the nico-
tine uptake from snus that resembles that of combustible
tobacco compared to latter approach.''* ''* Nevertheless,
the degree of evidence was low, suggesting further
research is currently needed to expand the evidence base
for the utility, as well as safety, of snus as a reduction/
cessation aid.

Different forms and delivery methods of NRT had been
evaluated by the included studies, including patches,’*?*%°
inhaler,”> mouth sprays,*® gum/lozenges,”” or comparison
of different forms.”**> Combined NRT products had been
consistently reported as superior to assist cessation up to
52 weeks’>!'">1'7 and that NRT can increase the chance to

successfully stop smoking.'” A previous review showed
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that combination NRT produced greatest benefits relative
to monotherapy for smoking cessation.''® It has been
estimated that the use of different forms of NRT resulted
in more adequate nicotine replacement from various
mechanisms, possibly generating additive effects (e,
patch releases steady-state nicotine serum level to prevent
acute withdrawal, while another NRT form, eg, gum/
lozenge, may provide a coping mechanism addressing the
behavioral urge of smoking).**''®""” Our restriction to
include references in the last 10 years might be limiting
the effectiveness of NRT in smoking reduction/cessation
because the availability of NRT products and their role had
been assessed extensively since as early as the 1980s.'”
However, the reason for our restriction was to showcase
and focus on the most recent evidence on alternative
tobacco and nicotine products.

As nicotine may interfere with the cardiovascular sys-
tem, presumably through sympathetic neural stimulation
and systemic catecholamine release, cardiovascular safety
profile associated with NRT use has been extensively
examined.?>8991:93793.1197121 Relatively long-term (five-
year observation period) impact of NRT gum use was
assessed by Murray et al, which showed that long-term
exposure of this intervention was not associated with
major adverse cardiovascular events.''” Among patients
with a history of acute coronary syndrome, no excess
risk of recurrent cardiovascular events was observed fol-
lowing the use of NRT in this high-risk population.'*' As
NRT delivers nicotine without a combustion process, the
risk might be lower compared to that of EC,%* neverthe-
less, current evidence remains unclear with regard to this
comparison, and further robust investigation is required.

Alternative tobacco and nicotine products, including
EC, smokeless tobacco, and NRT, are a current develop-
ment in tobacco harm reduction.”*'?* According to evi-
dence gathered by this review as well as previous

research, 17,23,34,36,38,40

these approaches can be considered
to be less harmful in a means of causing fewer adverse
events compared to a cigarette and has the potential to
assist smoking reduction and even cessation. Among smo-
kers, the urge to smoke is often tough to break, and relapse
is prevalent even for those who intend to quit smoking.>®
Therefore, to prevent tobacco-related morbidity and mor-
tality, there is an urgency for alternative and more efficient
means to reduce the harms caused by a particular beha-
viour. The approach in tobacco harm reduction includes
amending and adjusting regulations that potentially can
escalate damages, empowering people and policymakers

with accurate information and evidence-based policy, and
suggesting alternatives and substitutions of lower-risk pro-
ducts that may further promote the cessation of cigarette
smoking to current smokers.'*® In addition, to ensure
efficient resource allocation for such policy, more eco-
nomic evaluation studies comparing clinical effectiveness
and cost of different alternative tobacco and nicotine pro-
ducts would be valuable to support evidence-based public
health initiatives.”®

Furthermore, the strength of our review lies in the provi-
sion of comprehensive information on the role of different
types of alternative tobacco and nicotine products in smoking
reduction/cessation, as well as their potential safety issues. In
addition, we used extensive search strategies, resulting in
a relatively large number of included studies. Nevertheless,
this review also has limitations. First, due to heterogeneity of
the included studies, we were unable to conduct a meta-
analysis, nevertheless a narrative review has been provided
outlining current evidence on this topic and highlighting gap
that remains unexplored for future studies. Another limita-
tion was the risk of publication bias since we did not search
grey literature, as we only included peer-reviewed published
studies to ensure comparable study quality.

Conclusion

The results suggest that the use of alternative tobacco and
nicotine products has been shown to potentially influence
smoking reduction and cessation process, with various
degree of effectiveness between different products.
Available evidence indicated that these products are gen-
erally well-tolerated following short to medium-term use.
The most common adverse events reported included
mouth and throat-related irritation, dry cough, headache,
and changes in pulmonary laboratory functions which
were considerably milder than with conventional cigar-
ettes. These findings are also highlighting the potential
role of these products in a tobacco harm reduction
approach. Further studies should focus on investigating
long-term outcome, safety and effectiveness of alternative
tobacco and nicotine products and also on monitoring both
product use and awareness to better inform smoking

reduction/cessation policy.
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