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Abstract

Background & Objectives Smokeless tobacco (SLT) use is a global burden, and its long-term use can result in health
issues like oral cancers, oral potentially malignant disorders, etc. This review assessed the effectiveness of behavioural
and pharmacological interventions for SLT cessation, adding new dimensions to the evidence found earlier in the
literature, including recent trials.

Search methods Four electronic databases were used in the search: PubMed, Scopus, Cochrane, and Web-of-
Science. Study Selection included randomized control trials (RCTs) comparing pharmacological and behavioural
interventions with or without placebo to help users quit SLT with 3 & 6 months follow-up. Two review writers

who separately evaluated abstracts for possible inclusion extracted data from included trials. Mantel-Haenszel's
random-effect method was used to assess pooled effects for trial subgroups. Furthermore, the effectiveness of the
intervention was evaluated from the reported odds ratios, confidence intervals and quit rates.

Results Nineteen, consisting of 4575 participants, fulfilled the requirements to be listed in the review. A significant
difference was observed at 6 months for pharmacological versus behavioural intervention with a low heterogeneity
at a 95% confidence interval. Pooling the fifteen pharmacotherapy-versus-behavioural modification studies in adults,
we discovered that pharmacotherapy had a statistically significant impact on raising quit rates by the conclusion of
the follow-up period (OR 1.21,95% Cl 1.03 to 1.43; 3271 participants) with low heterogeneity (1°=19%).

Conclusion Worldwide, there has been minimal data on interventions for SLT cessation, yet the pharmacological
interventional methods have been found to be comparatively effective than behavioural intervention. Adequate
awareness, health care professionals training, and law implementation are necessary to achieve habit cessation.

Clinical trial number Not Applicable. The present systematic review is registered in PROSPERO’s International
Prospective Register of Systematic Reviews (registration number CRD42023399178 dated 13th Feb 2023).

Keywords Smokeless tobacco, Nicotine replacement therapy, Varenicline, Bupropion, Randomized controlled trial,
Cessation, Tobacco cessation, Behaviour modification

*Correspondence: Department of Periodontics and Implantology, Institute of Dental
Smita R. Priyadarshini Sciences, Siksha O Anusandhan University Bhubaneswar, Odisha
smitapriyadarshini@soa.ac.in 751003, India

'Department of Oral Medicine and Radiology, Institute of Dental
Sciences, Siksha O Anusandhan University Bhubaneswar, Odisha
751003, India

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13690-025-01593-5&domain=pdf&date_stamp=2025-4-13

Pradhan et al. Archives of Public Health (2025) 83:105

Text box 1. Contributions to the literature

- There is limited literature contributing to the use, types and therapies
for cessation of smokeless tobacco.

« Unlike the smoking form of tobacco, studies and trials are few, making
it necessary to form policies across nations that are consuming smoke-
less tobacco.

« Behaviour modification along with pharmacological interventions are
essential for smokeless tobacco cessation seeing the overindulgence of
smokeless tobacco.

Introduction

Tobacco is one of the leading preventable causes of death
and illness in the world. Tobacco expose could be by ciga-
rette smoking, second-hand exposure to smoke, smok-
ing of other combustible products, smokeless tobacco
(SLT) and electronic nicotine delivery products.Smoke-
less tobacco products contain tobacco that is placed in
the oral or nasal cavity, but it is not combusted/ burned.
It is consumed globally and is available in a wide variety
of forms. It can be unprocessed, raw, or sun-dried, pro-
cessed with the addition of various agents which can
be either chewed, sucked, or applied to gums and teeth
[1]. It is a global health concern and is widely used in
Southeast Asian countries. Long-term use of smokeless
tobacco can result in health issues such as cancer, cardio-
vascular and cerebrovascular illness, periodontal disease,
and tobacco dependence [2].

In India, khaini or tobacco-lime mixture (12%) is the
most used SLT product, followed by gutkha (8%) and
betel quid with tobacco (6%) and tobacco dentifrice (5%)
[3]. India is second in terms of tobacco consumption and
is among the top manufacturers, according to the Global
Adult Tobacco Survey-2 (GATS-2). In South Asia, there
are over 267 million tobacco users, of which 199 million
(or two-thirds) use SLT. The prevalence of SLT in India
is 21.4%, which is twice as high as the rate of smoking
(10.7%). 70% of the world’s smokeless tobacco-related
deaths (2,30,000 annually) occur in India and South Asia
[2].

Smoking cessation has been extensively studied
throughout time, and the prevalence of smokeless
tobacco use needs evidence-based treatment protocols
for SLT cessation and dependency. There is little evidence
on tobacco cessation and control in the South Asian
context with a very few descriptions in the literature of
experimental trials looking into strategies for treating
SLT use when compared to smoking cessation. Accord-
ing to the guidelines of article 14 as reported in the global
progress report, tobacco cessation consists of several
dimensions, including behavior modification (BM), nico-
tine replacement therapy (NRT), and pharmacotherapy
consisting of bupropion and varenicline, which should

Page 2 of 13

ensure the full involvement of health care professionals
(4].

Objective

The objective of this research was to conduct a system-
atic review to determine and evaluate the current out-
come measures for the assessment of SLT cessation using
different pharmaceutical medications in comparison to
behavioural support with or without a placebo. The aim
was to achieve the following goals:

1. A database of outcome measures that have been
used or are being developed for use in SLT cessation
interventions has been created through a systematic
evaluation of the literature.

2. Evaluation of outcome measures to pinpoint and
emphasize those that were created and assessed
with the use of excellent, extremely thorough
methodologies.

3. Development of a framework for SLT cessation
outcome measures, classified as.

a. Primary outcome: Abstinence rates.

b. Secondary outcomes: SLT use history (frequency
& duration), SLT dependence, quit attempts,
adverse events of pharmacotherapy.

Materials and methods

To search the literature, we developed a research ques-
tion by the Participants, Interventions, Control, and Out-
come (PICO) concept as well as the PRISMA (Preferred
Reporting Items for Systematic Review and Meta-Anal-
ysis) standards [5]. The research question was: “What is
the efficacy of pharmacotherapy in comparison to behav-
ioural modifications for the intervention of smokeless
tobacco in adults?”

The present systematic review is registered in
the International Prospective Register of System-
atic Reviews maintained by PROSPERO, the National
Institute for Health Research (registration number
CRD42023399178).

Inclusion criteria

The studies have been selected based on the following
PICO components. Only English language literature was
included.

« Participants: SLT consumers of the adult population
(>18 years of age).

+ Intervention: Pharmacological agents (bupropion,
varenicline, NRTs i.e., nicotine patches, gums, and
lozenges).

+ Comparator: BM with/without placebo.

+ Outcomes:
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+ Primary outcomes: complete abstinence of all
tobacco or SLT reported for 3 and 6 months from the
beginning of the intervention was used for meta-
analysis. Biochemical validation was not assessed for
all the included studies.

+ Secondary outcomes: tobacco dependence, quit
attempts, continuous and prolonged abstinence.
Adverse effects were also evaluated.

«+ Study design (S): Randomized controlled trials
(RCTs).

Exclusion criteria
Studies or articles with letters to the editor, case series,
editorials, editorial review papers, animal studies, in
vitro research, uncontrolled trials, and monographs were
omitted. Old published data, unavailability of complete
reports, study protocols, and information with lack of
clarity in the abstracts were excluded.

There was no review protocol, and no amendments to
any information provided at registration.

Data extraction

The research papers that were pertinent to this review
were assessed individually. The complete texts of the
selected studies were evaluated, co-relating them to the
inclusion criteria. The papers were assessed separately
by two independent authors, and any differences in the
incompetence of the included studies were confirmed
through discussions. The preliminary studies were re-
evaluated for any missed-out studies by examining the
references. After the primary assessment, the clinical
studies or publications according to inclusion criteria
were excluded for further analysis. For every study, the
authors, country where the study was carried out, design
of the study, type of intervention used, age, number, and
gender of participants were included, and treatment
duration, clinical parameters, recall period, and out-
comes were noted. Each study was then assessed for any
bias by two independent reviewers as per the recommen-
dations of the CONSORT “(Consolidated Standards of
Reporting Trials)” statement.

Data analysis

The intention-to-treat principle was used to extract all
binary outcomes, and participants who were absent from
the analyses were presumed to be either tobacco users or
to have encountered any adverse event. Mantel-Haenszel
(M-H) test with random-effects model was used for the
study using Review Manager 5.4.1. Odds ratios (ORs) and
95% confidence intervals (CIs) were calculated for the
dichotomous outcome (i.e. abstinence) for each included
study. The odds ratio was calculated as follows: (total
number of participants randomized to the intervention
group/number of participants in the intervention group
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who achieve abstinence) / (total number of participants
randomized to the control group who achieve abstinence
/ total number of people randomized to the control
group). Studies were evaluated to determine whether to
pool data and whether they employed equivalent inter-
ventions and measured similar results. When we did
choose to pool data, the I statistic was used to evaluate
statistical heterogeneity [6]. Evidence of significant het-
erogeneity was defined as a value higher than 50%.

Quality of included studies

We used the “Risk of bias” table in Review Manager 5.4.1
to assess the quality of the included studies according to
the Cochrane Handbook for Systematic Reviews of Inter-
ventions [26]. We assessed based on various criteria such
as selection bias, performance bias, detection bias, attri-
tion bias, and reporting bias for each study. The overall
risk of bias was graded as high when one or more criteria
were not met, moderate when one or more criteria were
partly met, and low when all criteria were met. Out of the
nineteen studies [7-25] included in this review, a high
risk of performance bias in three trials [13, 17, 25] and
reporting bias was identified in two trials [12, 13], and an
unknown risk of other biases was present in numerous
others.

The term “criteria met” has been referred to as
selection bias, performance bias, detection bias,
attrition bias, and reporting bias for each study and
the quality of each study has been classified as high,
medium or low based on the assessment of the biases
mentioned above using the “risk of bias table” in
Review Manager 5.4.1.

Deviations from protocol

We intended to conduct subgroup analyses wherever it
was practical to do so to investigate whether the follow-
ing factors affected the differences in intervention effects:
treatment intensity (e.g., number of visits), history of
drug use, history of use of pharmaceutical agents, depen-
dency on tobacco; and exposure to SLT products in the
participant’s environment. However, it was not possible
because of the lack of optimal evidence required for the
analyses.

Results

Study selection

One thousand five hundred ninety-four study articles
were identified using electronic search in four databases
such as PubMed (439), Scopus (962), Cochrane [19], and
Web of Science (170) by using various amalgamations of
the keywords [MeSh]: smokeless tobacco, behavioural
modifications, placebo, pharmacotherapy, and nicotine
replacement therapy; and 458 duplicates were removed.
1088 articles were excluded based on their abstracts, and
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35 full text articles were reviewed. After analyzing criti-
cally, 16 articles were excluded based on the type of the
study, and only 19 articles [7-25] were entitled to this
systematic review (Figure 1-3).

Quality of included studies

Out of the nineteen studies [7-25] included in this
review, seven studies [8, 9, 10, 14, 17, 21, 24] were found
to have unclear risk and twelve studies [7, 11, 12, 13, 15,
16, 18, 19, 20, 22, 23, 25] were assessed as low risk while
looking into random sequence generation in selection
bias; similarly eight studies [9, 13, 14, 17, 20, 21, 22, 24]
were found to have unclear risk and eleven studies [7,
8, 10, 11, 12, 15, 16, 18, 19, 23, 25] were assessed as low
risk in case of allocation concealment in selection bias;
a high risk of performance bias was found in three trials
[13, 17, 25], five studies [8, 9, 20, 21, 24] were found to
have unclear risk and eleven studies [7, 10, 11, 12, 14, 15,
16, 18, 19, 22, 23] were assessed as low risk. Most of the
studies didn’t include enough details on outcome assess-
ment, thus posing an unclear risk of detection bias; only
four studies [9, 12, 22, 25] were assessed with low risk.
Six studies [8, 17, 20, 22, 23, 24] were assessed to have
unclear risk, whereas thirteen trials [7, 9, 10, 11, 12, 13,
14, 15, 16, 18, 19, 21, 25] were found to have low risk. In
reporting bias, a high risk was identified in two trials [12,
13], an unknown risk was present in seven trials [8, 9, 10,
16, 20, 22, 23, 25] and low risk in nine trials [7, 11, 14, 15,
17, 18, 19, 21, 24]. The quality of the studies included was
mostly found to be moderate to high based on the above
findings. Only 4 [12, 13, 17, 25] of the 19 trials were found
to have high risk in two categories of risk of biases, which
were believed to degrade the quality of the studies.

Qualitative analysis

Nineteen eligible studies (RCTs) [7-25] were included
in this review. Most of them were conducted in the USA
and some of them in India, Bangladesh, Pakistan, and
Norway & Sweden. There was a total of 4575 participants
in all the included studies out of which 95%were male
and only 5% were female. The participants in the study
ranged from 18 to 76 years, with a mean age of 37 years.
The participants used SLT 4 times/week on average for
about 14 years. There were three studies each which
used bupropion [10, 11, 22] and varenicline [18, 19, 24]
as intervention for SLT cessation, three studies [7, 8, 25]
used nicotine gum, four studies [9, 12, 16, 23] used nico-
tine patch and six studies [14, 15, 16, 18, 21, 22] used nic-
otine lozenge as intervention for SLT cessation in adults.
The treatment period in two studies [7, 23] was 6 weeks;
7 weeks, 8 weeks, 10 weeks, and 12 weeks in one study
[22], four studies [8, 12, 13, 16, 25], one study [9], and 10
studies [11, 12, 15, 16, 18, 19, 20, 21, 22, 25] respectively.
The participants in most of the studies were followed up
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to 3 and 6 months, and only three studies [8, 9, 11], were
followed up to 12 months (Table 1).

Meta-analysis

A meta-analysis was performed with the studies that
were included for the abstinence of 3 and 6 months of
SLT abstinence, and a forest plot was plotted for each
analysis performed. Several sub-group analyses were
conducted for each pharmacological agent at the respec-
tive treatment endpoints, along with the forest plots for
all the analyses (Table 2).

Sixteen studies [9—11, 13—25] as well as fifteen studies
[8,9, 10, 11, 12, 14, 15, 16, 17, 18, 19, 20, 21, 23, 25] were
included to estimate the abstinence rates between phar-
macotherapy and BM, respectively on the 7-day point
prevalence (PPA) at the end of 3 and 6 months. The asso-
ciation was found to be 54% higher with pharmacother-
apy than BM (OR 1.54 [1.28, 1.85]; p<0.00001; I? =37%)
at 3 months and 21% higher with pharmacotherapy than
BM (OR 1.21 [1.03, 1.43]; p=0.02; I*=19%) at 6 months
(Figs. 4 and 5).

Three studies [10, 11, 22] using bupropion and three
studies using varenicline [18, 19, 24]were entitled to esti-
mate the abstinence rates between various pharmaco-
therapies and BM at the respective treatment endpoints.
The association was found to be 18% higher with bupro-
pion than BM (OR 1.18 [0.51, 2.73]; p=0.70; I>=67%)
and 99% higher with varenicline than BM (OR 1.99 [1.48,
2.68]; p<0.00001; >=0%) at the treatment endpoints.
Similarly, three studies [7, 8, 25] using nicotine gum, four
studies using nicotine patches [9, 12, 16, 23], and three
studies using nicotine lozenge [13, 14, 15, 17, 20, 21]were
entitled to estimate the abstinence rates between phar-
macotherapies and BM at the respective treatment end-
points. The association was found to be 64% higher with
nicotine gum than BM (OR 1.64 [0.82, 3.37]; p=0.16;
I>=59%), 46% higher with nicotine patch than BM (OR
1.46 [1.07, 1.98]; p=0.02; I*=0%) and 41% higher with
nicotine lozenge than BM (OR 1.41 [1.08, 1.83]; p=0.01;
>=30%) at the treatment endpoints (Figs. 6, 7, 8, 9 and
10).

A significant difference was observed at 6 months for
pharmacological versus behavioural intervention with a
low heterogeneity at a 95% confidence interval. Pooling
the fifteen pharmacotherapy-versus-behavioural modifi-
cation studies [8, 9, 10, 11, 12, 14, 15, 16, 17, 18, 19, 20,
21, 23, 25] in adults, we discovered that pharmacotherapy
had a statistically significant impact on raising quit rates
by the conclusion of the follow-up period(OR 1.21, 95%
CI1.03 to 1.43; 3271 participants) with low heterogeneity
(I2=19%).
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Identification of studies via databases and registers

Records removed before
screening:
Duplicate records removed
(n=458)
Records removed for other
reasons (n = 3)

Records excluded
(n=1088)

Reports not retrieved
(n=10)

Reports excluded: (n = 16)

e Non-randomized trial (n = 3)
e Longitudinal studies (n = 2)

e  Cross-sectional studies (n = 6)
e  Cohort studies (n=3)

e Insufficient data (n=2)

= Records identified from:
-E Databases (n = 1594)
é e PubMed (n =439)
= e Cochrane library (n =19)
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!
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(n=1133)
Reports sought for retrieval
= (n=45)
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b
)
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—
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"g (n=19)
) Reports of included studies
= (n=18)

Fig. 1 Prisma flow chart
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Fig. 2 Risk of bias plot
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Discussion

SLT is of many different kinds that are consumed globally
and is a significant global health concern [27]. A multi-
tude of techniques have been used to create SLT products
(finely ground/shredded tobacco or powdered tobacco)
[28]. Numerous additives are added to SLT products;
some are used for flavour (such as sugar, nuts, spices, and
oils), while others are added to raise the pH and, conse-
quently, the amount of un-protonated nicotine (such as
sodium and ammonium carbonate, or alkaline buffers)
[29]. Nicotine that has not been protonated or ionized is
easier to absorb than nicotine that has been protonated
[30].

Long-term use of SLT can result in health issues such
as cancer, periodontal disease, cerebrovascular and car-
diovascular disease, and tobacco addictions [31].The
strategies that can assist an SLT user in quitting include
self-help books, BM, and medication assistance [32].
Pharmacological agents such as NRTs (nicotine gum,
patch, and lozenge), varenicline, andbupropion are con-
sidered as aids for cessation of SLT. However, there is
very little evidence to support the statement.

In this review, there were 19 trials [7-25] evaluating
pharmacotherapy. Bupropion was tested in three small
studies [10, 11, 22]; no effect was found, but the CIs do
not rule out a slight benefit. A statistically significant
treatment impact was revealed by thirteen NRT trials [7—
25] involving gum, patches, and lozenges. The effective-
ness of nicotine gum appears to be the main driver of this
effect. According to three studies [18, 19, 24], among SLT
users, varenicline improves long-term SLT abstinence
rates by roughly 35% when compared to a placebo. How-
ever, compared to a placebo, varenicline boosts absti-
nence rates in cigarette users by 31% (RR 2.31, 95% CI
2.01 to 2.66 [33]). When compared to trialsthat included
smokers (e.g., 13.2% [34] and 10.5% [35], the prolonged
abstinence rates ofthe control groups in SLT trials were
higher at six months (31.6% [18]and 34% [19]). This could
be related to the fact that SLT users have limited access
to treatment, which has led to the high effectiveness of
behavioural therapies included in the study’s control
groups.

The current systematic review indicates the effec-
tiveness ofpharmacotherapy as an intervention forSLT
cessation.Eighteen research papers [8-25] were able
to undergo meta-analysis due to the heterogeneity of
data across different research.A noteworthy distinc-
tion was recognized in the point prevalence abstinence
rates between the pharmacological intervention and the
behavioural intervention at 3 months.

A significant difference was observed at 6 months for
pharmacological versus behavioural intervention with
a low heterogeneity at a 95% confidence interval. Pool-
ing the fifteen pharmacotherapy-versus-behavioural
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Fig. 3 Summary of review authors'judgments for risk of bias items

modification studies [9, 10, 11, 12, 13, 15, 16, 17, 18, 19,
20, 21, 22, 24, 26] in adults, we discovered that pharma-
cotherapy had a statistically significant impact on raising
quit rates by the conclusion of the follow-up period(OR
1.21, 95% CI 1.03 to 1.43; 3271 participants) with low
heterogeneity (I> = 19%).

Our results are generally in line with earlier reviews
[36, 37]. We discovered from the evidence that, when
compared to a placebo, almost all recognized doses of
tobacco cessation medications enhanced the likelihood
of prolonged abstinence. When compared to a placebo
(control), Bupropion was shown to increase the chance of
quitting (from the quit date or PPA). However, this effect
was only seen in our analyses of the 7-day PPA and “any
abstinence” outcomes, not for continuous or prolonged
outcomes.Additionally, our outcomes were similar to
that of the most recent pertinent Cochranesystematic
review [36]: Consistent with our results, prior analy-
ses also discovered evidence supporting the notion that
NRT monotherapy enhanced the likelihood of cessation
in comparison to varenicline and bupropion but found
conflicting data on the likelihood of stopping between
varenicline and bupropion. Amongst NRT, nicotine gums
were found to be more effective in SLT cessation, fol-
lowed by nicotine patches and then nicotine lozenges,
due to lesser evidence on the efficacy of the lozenges.
They [37] did not stratify their results but we did by per-
forming sub-group analyses for every pharmacological
drug. The outcomes of the reviews’ rankings of tobacco
cessation programs were consistent. In contrast to a
recent Cochranereview [36], we were unable to locate
compelling evidence that the high effectiveness of behav-
ioural interventions offered in the control arms of these
studies was due to the limited treatment availability for
SLT users. Unlike a recent review [36], we discovered evi-
dence showing pharmacotherapeutic agents have proven
to be a better method of SLT cessation, but we also agree

that more evidence is required for this method to be
declared as the robust one.

According to included trials, individuals trying to cut
back on SLT are more likely to succeed in doing so if
they use medication than a placebo. There is not enough
data to determine whether alternative harm reduction
strategies can lessen the harm that SLT causes. Since the
groups receiving pharmacotherapy had higher cessation
rates, no indication of using medication to aid in reduc-
tion discouraged persons from trying to stop using SLT.

At the longest time-mastered point, the level of SLT
abstinence was assessed. This could have led to underes-
timating the intervention’s impact on shorter-term quit
efforts. However, this is reasonable because all the related
health benefits of quitting SLT require long-term absti-
nence from using SLT.

Strengths & limitations

To verify the effectiveness of each pharmaceutical agent
in SLT cessation at the treatment endpoints, we have
included a variety of subgroup analyses in this review.
That clearly explains how each pharmacological interven-
tion functions for SLT cessation.

We intended to conduct subgroup analyses wherever it
was practical to do so to investigate whether the follow-
ing factors affected the differences in intervention effects:
treatment intensity (e.g., number of visits), history of
drug use, history of use of pharmaceutical agents, depen-
dency on tobacco; and exposure to SLT products in the
participant’s environment.

Unfortunately, the lack of research and data for each
comparison made this impossible. Many included stud-
ies did not disclose details regarding our secondary
outcomes, such as the proportion of participants who
attempted to quit. It is a significant finding as it may have
clarified whether low rates of relapse following effec-
tive cessation are due to people not attending therapy
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Table 2 Summary of meta-analysis of the included studies
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Outcome or Subgroup Studies Participants Statistical method Effect estimate
1.1 Abstinence at 3 months 16 3533 Odds Ratio (M-H, Random, 95% Cl) 1.54[1.28,1.85]
2.1 Abstinence at 6 months 15 3271 Odds Ratio (M-H, Random, 95% Cl) 1.21[1.03,143]
3.1 Abstinence at treatment endpoints(bupropion SR) 3 363 Odds Ratio (M-H, Random, 95% Cl) 1.18[0.51,2.73]
4.1 Abstinence at treatment endpoints (varenicline) 3 744 Odds Ratio (M-H, Random, 95% Cl) 1.99 [1.48, 2.68]
5.1 Abstinence at treatment endpoints (nicotine gum) 3 337 Odds Ratio (M-H, Random, 95% Cl) 1.64[0.82,3.37]
6.1 Abstinence at treatment endpoints (nicotine patch 4 706 Odds Ratio (M-H, Random, 95% Cl) 1.46[1.07,1.98]
7.1 Abstinence at treatment endpoints(nicotine lozenge) 6 1630 Odds Ratio (M-H, Random, 95% Cl) 1411[1.08,1.83]

* M-H=Mantel Haenszel method, Random =Random effects model, Cl=Confidence Interval

Pharmacotherapy  Behaviour Management QOdds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H,Random, 95%Cl Year M-H, Random, 95% CI
Howard-Pitney et al. 1939 130 206 106 204 10.3% 1.58[1.07,2.35] 1999 ———
Hatsukami et al. 2000 39 101 36 101  6.8% 1.1410.64,2.01] 2000 T
Glover etal. 2002 ] 34 15 34 28% 0.461[0.16,1.26] 2002 —
Dale etal. 2002 14 35 9 35 28% 1.93(0.70,5.32] 2002 —
Dale etal. 2007 60 112 54 113 76% 1.26[0.75,2.13] 2007 -
Ebbert et al. 2009 69 136 46 134 82% 1.971.21,3.22] 2009 —_—
Ebbert et al. 2010a 14 30 11 30 28% 1.51[0.54,424] 2010 —
Ebbert etal. 2010b 15 45 16 57  3.8% 1.28[0.55,2.99] 2010 E Ee—
Fagerstrom etal. 2010 124 213 85 218 10.5% 2.18[1.48,3.20] 2010 ——
Ebbert et al. 2011 22 38 16 38 34% 1.89(0.76,4.70] 2011 -
Ebbertetal. 2013a 22 [y 27 40  35% 0.561[0.23,1.37] 2013 e
Ebbert etal. 2013b 12 27 5 25 2.0% 3.20[0.93,11.05] 2013 b
Jainetal. 2014 51 119 36 118  74% 1.71[1.00,2.91] 2014 I
Severson etal. 2015 93 205 67 202 101% 1.67[1.12,250] 2015 =
Danaheretal. 2015 160 356 139 354 12.9% 1.26[0.94,1.70] 2015 ™
Siddiqui etal. 2024 43 66 25 66 5.0% 3.07[1.51,6.23] 2024 I e—
Total (95% CI) 1764 1769 100.0% 1.54[1.28,1.85] 0
Total events 877 693 i
Heterogeneity: Tau?= 0.05; Chi#= 23.64, df= 15 (P = 0.07); = 37% aia — —Of DR — jo"

Testfor overall effect Z= 4.56 (P < 0.00001)

Fig. 4 Abstinence rates of pharmacotherapy vs. behavioural management at 3 months

Behaviour Management Pharmacotherapy

Pharmacotherapy  Behavioural Management 0dds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H,Random, 95% Cl Year M-H, Random, 95% CI
Hatsukami et al. 1996 26 55 14 50 3.8% 2.31[1.02,5.20) 1996
Howard-Pitney et al. 1939 78 206 69 204 11.8% 1.19[0.80,1.79] 1999 T
Hatsukami et al. 2000 32 101 36 101 6.8% 0.8410.47,1.50) 2000 T
Dale et al. 2002 10 34 10 34 24% 1.00(0.35,2.84] 2002 I
Ebbertetal. 2006 14 3 4 11 14% 1.44[0.35,5.95] 2006 —
Dale etal. 2007 46 112 49 13 7.9% 0.911[0.54,1.55) 2007 T
Ebbertetal. 2009 43 136 35 134 8.0% 1.3110.77,2.22] 2009 T
Ebbertetal. 2010a 102 213 87 218 12.8% 1.3810.94,2.03] 2010 I
Fagerstrom etal. 2010 10 30 14 30 24% 0.57[0.20,1.62] 2010 —
Ebbertetal. 2011 2 38 12 38 2.9% 2.98[1.16,7.62] 2011
Ebbertetal 2013a 20 Il 22 40 34% 0.78[0.33,1.87] 2013 T
Ebbertetal. 2013b 11 27 7 25 20% 1.7710.55,5.65] 2013 —
Danaheretal. 2015 94 205 93 202 124% 0.99[0.67,1.47] 2015 -1
Severson etal. 2015 149 356 134 354 17.0% 1.1810.87,1.60] 2015 T
Siddiqui et al. 2024 38 66 24 66 5.0% 2.38[1.18,4.78] 2024 —_—
Total (95% CI) 1651 1620 100.0% 1.211.03,1.43] Q
Total events 695 610

Heterogeneity: Tau®= 0.02; Chi*=17.28, df=14 (P = 0.24); F=19%
Testfor overall effect Z=2.26 (P=0.02)

Fig. 5 Abstinence rates of pharmacotherapy vs. behavioural management at 6 months

—t —
00 0

Behavioural Management Pharmacotherapy
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Bupropion  Behavioural Management Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Dale et al. 2002 8 3 15 34 289% 0.46(0.16, 1.26]
Dale et al. 2007 60 112 54 113 420% 1.26(0.75,2.13)
Glover et al. 2002 17 3% 8 3B 292% 2.73(1.00,7.47)
Total (95% Cl) 181 182 100.0% 1.18[0.51, 2.73]
Total events 86 78

Heterogeneity: Tau®= 0.37, Chi*= 6.05, df= 2 (P = 0.05), F= 67%
Test for overall effect; Z= 0.38 (P = 0.70)

0,001 01 1 10 1000
Behavioural Management Bupropion

Fig. 6 Abstinence rates of bupropion vs. behavioural management at treatment endpoints

Varenicline  Behavioural Management Odds Ratio Qdds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ebbertetal. 2011 22 38 16 38 105% 1.89(0.76, 4.70] T
Fagerstrom etal, 2010 124 213 85 218 58.9% 218(1.48,3.20] -+
Jainetal 2014 51 119 36 118 30.6% 1.71[1.00,2.81] ——
Total (95% Cl) 370 374 100.0% 1.99 [1.48, 2.68) &
Total events 197 137
Heterogeneity: Tau?= 0.00; Chi*= 0.54, df= 2 (P = 0.76); F= 0% n 50 5 052 é 2=0
Testfor overall effect 2= 4.58 (P < 0.00001) Behévioural Ménagement Varenicline
Fig. 7 Abstinence rates varenicline vs. behavioural management at treatment endpoints

Nicotine gum  Behavioural Management Qdds Ratio Qdds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Boyle et al, 1992 25 50 20 50 324% 1.50(0.68, 3.31] 1992
Hatsukami et al. 1996 kil 55 29 50 33.0% 0.94[0.43,2.03] 1996
Siddioui etal. 2024 49 66 32 66 34.5% 3.06(1.47,6.37) 2024 -+
Total (95% CI) 1 166 100.0% 1.64[0.82,3.27)
Total events 105 81
Heterogeneity: Tau?=0.22; Chi*= 4.85, df= 2 (P= 0.09): F= 59% 50 0 0?1 ; 150 1 0004

Testfor overall effect Z=1.41 (P=0.16)

Behavioural Management Nicotine gum

Fig. 8 Abstinence rates of nicotine gum vs. behavioural management at treatment endpoints

from the beginning or relapsing after quitting—the exact
targeting of relapse prevention or engagement in later
sessions. Two studies for reporting and three for perfor-
mance bias were found to be at high risk while analyzing
the studies contributing to the declining quality. How-
ever, data quality could have been better in the included
studies as there was a considerable research gap among
the various types of pharmacological interventions, and
more studies are required to determine the efficacy.

Conclusion

Regardless of these limitations, this study strengthens the
evidence foundation supporting using varenicline, bupro-
pion, and NRT monotherapies as first-line alternatives
for stopping SLT, which aligns with current guidelines. It
should also assure patients, clinicians, and legislators that
most treatments are safe. Intervention-based research on
SLT cessation requires international assistance, particu-
larly in low-income countries with inadequate resources
to help SLT users quit. Varenicline may be prescribed
because it appears to increase tobacco abstinence among
American SLT and Swedish snus users. Although there
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Nicotine patch  Behavioural Management 0Odds Ratio 0dds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Ebbertetal. 2006 19 ki 8 11 41% 0.59[0.13,2.69) —t——
Ebhertetal. 2013b " i ] 25 65% 218(0.66,7.20) o
Hatsukami etal. 2000 62 10 56 101 296% 1.28(0.73,2.24) T
Howard-Pilney et al. 1999 130 206 106 204 59.8% 1.581(1.07,2.39) -
Total (95% Cl) 365 341 100.0% 1.46[1.07,1.98) &
Total events 222 176
Heterogeneity Tau*= 0.00; Chi*= 217, df=3 (P= 0.54), F= 0% 00 0 ; "

Testfor overall effect 2= 2.42 (P = 0.02) Behavioural ltanagement Nicotine Patch

Fig. 9 Abstinence rates of nicotine patch vs. behavioural management at treatment endpoints

Nicotine lozenge  Behavioural Management 0dds Ratio 0dds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Danaher etal. 2015 93 205 67 202 25.0% 1.67[1.12,250] —
Ebbertetal 2009 69 136 46 134 195% 18711.21,3.22) —
Ebbertetal 2010a 14 30 " 30 59% 1.51[0.54,4.24) ==
Ebbertetal 2010h 15 45 16 57 B4% 1.28[0.55,2.99) S
Ebbertetal. 2013a 2 4 27 40  75% 0.56(0.23,1.37) —
Severson etal. 2015 160 356 139 354 336% 1.26(0.94,1.70) ™
Total (95% ClI) 813 817 100.0% 1.41[1.08,1.83] L 3
Total events 373 306
Heterogeneity: Tau*= 0.03; Chi*=7.14, df=5 (P=0.21); F= 30% 005 02 : 20

Testfor overall effect: 2= 2.52 (P = 0.01) Behavioural Management Nicotine lozenge

Fig. 10 Abstinence rates nicotine lozenge vs. behavioural management at treatment endpoints

revised the manuscript.Finally, all authors approved the version to be
are no placebo controls, the nicotine lozenge increases published, agreed on the journal to which the article had been submitted,

SLT abstinence rates, suggesting doubt about the impact. ~ and agreed to be accountable for all aspects of the work.
Compared to cigarette smokers trying to quit, the g ging

effectiveness of nicotine gum is lower in the case of users Open access funding provided by Siksha 'O" Anusandhan (Deemed To Be
of SLT. Some evidence supports the successful applica-  University) ) i

. . . . . . All Authors declared that they have no financial or non-financial support.
tion of bupropion SR in treating SLT usage. It is beneficial
to conduct more studies to examine the efficacy of phar-  Data availability
maceutical treatment in conjunction with Counselling No datasets were generated or analysed during the current study.
or psychological therapies. To guarantee the thorough-
ness of reporting within studies and enhance consistency ~ Declarations
across studies, researchers should ensure that safety data  gyics approval and consent to participate
are reported in trials comprehensively. This section is not applicable because this study is a systematic review and

meta-analysis.
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