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Abstract

Background: Tobacco smoking and e-cigarette use remain major global public health challenges, with current cessation strategies often limited
by poor adherence, modest effectiveness, and accessibility barriers. Exercise is a promising behavioral strategy for nicotine cessation, but its
effects on smoking and vaping outcomes are unclear. This systematic review and meta-analysis aimed to synthesize evidence on the effects of
single-bout and long-term exercise interventions on smoking and vaping cessation, cravings, withdrawal symptoms, and mood in adults.
Methods: Eleven databases were searched up to March 28, 2025. Eligible studies were randomized controlled trials (RCTs) evaluating exercise
interventions in adults reporting smoking- or vaping-related outcomes. Outcomes included continuous and point prevalence abstinence, cigarette
consumption, and cravings. Risk of bias (ROB2) and certainty of evidence (Grading of Recommendations Assessment, Development and Evalu-
ation (GRADE)) were assessed. Random-effects meta-analyses and subgroup analyses were conducted.

Results: Fifty-nine RCTs (n =9083) were included: 43 exercise training studies (n = 8548) and 16 single-bout studies (n = 535). Exercise training
increased continuous abstinence (risk ratio (RR)=1.15; 95% confidence interval (95%CI): 1.01-1.32; p =0.04; 23 RCTs; n=>5512) and 7-day
point prevalence abstinence (RR=1.21; 95%CI: 1.03 to 1.43; p=0.02; 18 RCTs; n=4455), and reduced cigarettes/day (mean differ-
ence = —2.12; 95%CI: —3.30 to —0.93). Single-bout exercise reduced acute cravings immediately and up to 30 min post-exercise (standardized
mean difference range: —0.88 to —0.52) but not longer-term cravings. Aerobic exercise improved continuous abstinence in training studies,
while higher-intensity bouts produced greater craving reductions in single-bout studies. Evidence for resistance training, yoga, and other non-
aerobic modalities was more limited but suggested potential benefits for cravings and smoking outcomes, although data were insufficient for
modality-specific pooled estimates. No trials assessed vaping cessation outcomes.

Conclusion: Exercise is associated with modest improvements in cigarette consumption and acute suppression of cravings, supporting its poten-
tial as a low-risk behavioral aid for nicotine cessation. Future research should target vaping-specific outcomes and optimal intervention delivery.
Exercise represents a promising smoking cessation intervention.

Keywords: Exercise; Smoking cessation; Nicotine cravings; Withdrawal symptoms; Physical activity

1. Introduction USD1.4 trillion per year in direct and indirect costs.'”
Although global smoking prevalence has declined over recent
decades, smoking remains common, with an estimated 32.6%
of men and 6.5% of women worldwide still smoking in 2020.
Progress has been uneven, with substantial declines in many
high-income countries yet minimal reductions in most low-
and middle-income countries, where smoking remains highly
prevalent among men.” Harm-reduction alternatives such as

Tobacco smoking remains the leading preventable cause of
premature morbidity and mortality worldwide, accounting for
an estimated 8 million deaths and costing in the order of
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electronic cigarettes have proliferated, yet their long-term
health effects and propensity to sustain nicotine dependence
remain uncertain.™> E-cigarettes are frequently marketed and
perceived as a less harmful alternative to combustible ciga-
rettes; however, accumulating evidence indicates that vaping
exposes users to toxicants that can impair vascular function,
increase arterial stiffness and blood pressure, and contribute to
respiratory injury, including e-cigarette or vaping product use-
associated lung injury.®™ Moreover, adults who engage in
dual use of cigarettes and e-cigarettes appear to experience
nicotine and toxicant exposure comparable to smoking alone,
suggesting little risk reduction and the potential for sustained
or even heightened cardiometabolic and respiratory
harms.””'" Consequently, effective, scalable approaches to
support complete cessation of combustible tobacco use are
urgently needed.

Current first-line treatments for smoking cessation combine
behavioral counseling with pharmacotherapy, most commonly
nicotine replacement therapy (NRT), bupropion, or
varenicline.'"'? These approaches are supported by strong
evidence and can roughly double to triple quit rates compared
with no support.'*"'* However, in real-world settings the abso-
Iute number of people who remain smoke-free at 12 months is
still low, often below 20 percent.'>'® Relapse is common,
driven by medication side-effects such as nausea or insomnia,
poor adherence, cost, and limited access to specialist services.
For example, NRT is widely available but can be expensive if
not subsidized, while varenicline and bupropion may not suit
everyone because of side-effects or contraindications. Behav-
ioral support, including counseling and national telephone
support services, can further improve quit rates but require
time, access to trained providers, and sustained motivation.'’
Despite these evidence-based options, many smokers attempt
to quit without formal help and relapse quickly. Dual use of
cigarettes and e-cigarettes is also increasing, with more than
one-third of daily vapers in Australia still smoking,'®'* which
adds complexity to cessation efforts. These challenges high-
light the need for safe, accessible, low-cost strategies that can
be used alongside existing supports or by people who prefer to
avoid medication.

Exercise represents a plausible behavioral strategy for
supporting smoking cessation. A single bout of physical
activity, whether low- to high-intensity aerobic exercise or
brief isometric contractions, can acutely reduce cigarette crav-
ings, withdrawal symptoms, and negative mood.”’*' Several
mechanisms have been proposed to explain these effects,
including transient increases in dopaminergic and serotonergic
neurotransmission, enhanced endogenous opioid release, and
reductions in cortisol, which together may modulate reward
pathways and stress reactivity.”” In addition, regular exercise
may help mitigate post-cessation weight gain, improve mood
and sleep, and enhance cardiometabolic health, addressing
several common barriers to quitting.”' Exercise is also associ-
ated with improved psychological wellbeing, including
reduced symptoms of depression and anxiety, which are
common among people trying to quit smoking.”’ Importantly,
physical activity can be self-directed, does not require a
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prescription, and can be delivered in community, telehealth, or
digital formats, making it highly accessible. These characteris-
tics suggest that exercise could offer a useful, low-cost strategy
for individuals attempting to quit smoking, either on its own or
in combination with other approaches.

Previous systematic reviews and meta-analyses investi-
gating exercise for smoking cessation have produced mixed
and inconclusive findings, revealing persistent evidence
gaps. More recent reviews have focused predominantly
on aerobic exercise, with one analyzing 18 randomized
controlled trials (RCTs) (n=2815) and finding moderate-
quality evidence of short-term cessation benefits but no
sustained effects,” and another encompassing 20 RCTs
reporting no significant effects for aerobic or resistance exer-
cise and only low-quality evidence for yoga combined with
cognitive behavioral therapy.”” Both reviews excluded preg-
nant women and individuals with mental health conditions,
thus limiting generalizability. A synthesis of 6 studies exclu-
sively in people with mental illness reported temporary
increases in abstinence rates, though conclusions were weak-
ened by small samples, inclusion of non-RCTs, and high risk
of bias.”® Another review examining 40 RCTs found that
acute exercise reduced cravings and withdrawal symptoms
and improved mood, yet it did not enhance long-term cessa-
tion rates; also, the review excluded individuals with psychi-
atric comorbidities, pregnant women, and those with other
substance use, thereby limiting applicability.”” A further
review of 17 studies combining exercise with nicotine
replacement therapy suggested short-term benefits but
included non-RCTs and conducted no meta-analysis.”®
Collectively, existing reviews are limited by narrow defini-
tions of exercise, exclusion of diverse populations, lack of
subgroup analyses by exercise modality and intensity, and
omission of vaping outcomes despite their growing public
health relevance. Moreover, many are now outdated and
include substantially fewer trials. An updated and compre-
hensive synthesis is therefore needed to clarify the role of
different forms of exercise in smoking cessation, identify
populations most likely to benefit, and explicitly determine
whether evidence exists for vaping-related outcomes.

Clarifying the efficacy of exercise interventions for
smoking and vaping cessation is important, as this evidence
could help broaden the range of effective, scalable strategies
available to clinicians and policymakers. This review provides
an up-to-date synthesis by integrating the existing evidence
base summarized in prior reviews, which typically included
studies published up to 2022—2023, with all newly published
RCTs from 2023 to present. By extending beyond the publica-
tion timeframe of previous syntheses, this review offers a
more current and comprehensive assessment of the effects of
exercise on smoking cessation outcomes across diverse adult
populations. Specifically, this review aims to determine
whether, how, and for whom exercise can improve quit rates
and reduce cravings, withdrawal symptoms, and mood distur-
bances across diverse adult populations, with the goal of
informing clinical practice, public health guidelines, and
future intervention design.
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2. Methods
2.1. Protocol and registration

This systematic review and meta-analysis was prospec-
tively registered with the International Prospective Register of
Systematic Reviews (PROSPERO; ID: CRD420251006473),
and the reporting follows the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.”’

2.2. Selection criteria and search strategy

The inclusion criteria were developed using the population,
intervention, comparison, outcomes and study type (PICOS)
framework as follows: Population: Adults aged 18 years and
older, regardless of health status or comorbid conditions, were
eligible. Studies including children or adolescents (<18 years)
were excluded. Intervention: Any intervention designed to
increase exercise or physical activity was eligible. Exercise
was defined as a subset of physical activity that is planned,
structured, and repetitive and has as a final or an intermediate
objective the improvement or maintenance of physical
fitness.”’ Eligible interventions included structured and
unstructured physical activity, irrespective of type (e.g.,
aerobic, resistance, high-intensity interval training, yoga),
delivery method (in-person, online), supervision level, dura-
tion, frequency, or intensity. Single bouts of exercise (i.e.,
studies assessing the acute effects immediately following a
bout of exercise) and exercise training interventions were
included. We deliberately used the broader term “exercise”
rather than “exercise therapy” to capture generalizable, non-
clinically prescribed exercise interventions applicable to a
wide range of populations and settings, including those not
receiving treatment in a rehabilitation context while still
assessing smoking-related clinical outcomes. This inclusive
approach was intentional and reflects real-world cessation
strategies, where structured exercise and brief, self-directed
physical activity are both used to manage cravings and with-
drawal symptoms. Comparator: Eligible comparators included
no intervention (e.g., waitlist), usual care, sham interventions,
equal-attention controls, or lesser intensity physical activity
interventions. Multi-component interventions were included if
the unique effects of physical activity could be isolated.
Outcomes: Studies were required to report at least one of the
following nicotine-related outcomes: (a) smoking or vaping
cessation (e.g., self-reported or biochemically verified absti-
nence, continuous or point prevalence) or (b) cravings
(frequency, intensity, or duration). Study design: Only RCTs
were included. Observational studies, conference abstracts,
dissertations, and non-intervention studies were excluded.

A comprehensive electronic database search was conducted
across 11 databases: CINAHL, The Cochrane Library, Embase
via OVID, MEDLINE, Emcare via OVID, ProQuest Central,
ProQuest Nursing and Allied Health Source, PsycINFO,
Scopus, SPORTDiscus via EBSCOhost, and Web of Science.
Searches were limited to peer-reviewed journal articles
published in English from the inception of each database up to
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March 28, 2025. The search strategy combined subject head-
ings, keywords, and MeSH terms for physical activity (e.g.,
“exercise”, “walking”, ‘“aerobic”), nicotine use (e.g.,
“smoking”, “vaping”, “nicotine dependence”), and smoking/
vaping-related outcomes (e.g., ‘“craving”, “withdrawal
symptoms”, “abstinence”). The full strategy is provided in

Supplementary Table 1.

2.3. Data management and extraction

Search results were imported into EndNote X9 (Clarivate,
Philadelphia, PA, USA) for removal of duplicates. Results
were then exported to Covidence (Veritas Health Innovation,
Melbourne, Australia) for title/abstract and full-text screening,
data extraction, and risk of bias assessment. All screening,
data extraction and risk of bias scoring was performed by 2
independent reviewers in duplicate (BS and JP, AM, DD, KS,
KD, MM, SV, EE, MZ, RC, CS, JH, SK, or LG). Discrepan-
cies were resolved by discussion and consultation with a 3rd
reviewer (CM) if required.

A standardized Covidence extraction form was used to
extract information on study details, sample characteristics,
intervention details, outcomes, and results. Risk of bias (ROB)
for each included RCT was independently assessed using the
Cochrane Risk of Bias 2.0 (ROB2) tool by 2 reviewers (BS
and JP, AM, DD, KS, KD, MM, SV, EE, MZ, RC, CS, JH,
SK, or LG). Each study was evaluated across 5 domains: (a)
bias arising from the randomization process; (b) bias due to
deviations from intended interventions; (c) bias due to missing
outcome data; (d) bias in the measurement of the outcome;
and (e) bias in the selection of the reported result. Each
domain was rated as “low risk”, “some concerns”, or “high
risk”. Discrepancies were resolved through discussion, with a
3rd reviewer (CM) consulted as needed.

2.4. Certainty of evidence

The Grading of Recommendations, Assessment, Develop-
ment, and Evaluations (GRADE) approach’’ was used to
assess the overall certainty of evidence for each key outcome.
GRADE considers 5 domains: risk of bias, inconsistency, indi-
rectness, imprecision, and publication bias. The certainty of
evidence was classified as high, moderate, low, or very low.
Two independent reviewers (BS and JP, AM, DD, KS, KD,
MM, SV, EE, MZ, RC, CS, JH, SK, or LG) conducted
GRADE assessments, with disagreements resolved through
consensus or by a 3rd reviewer (CM). A Summary of Findings
table was generated to present GRADE ratings.

2.5. Meta-analysis

Meta-analyses were conducted to pool effect sizes for each
relevant outcome using random-effects models to account for
expected heterogeneity. For the meta-analysis, the primary
outcome of interest was smoking abstinence, specifically
assessed using continuous abstinence rates from exercise
training studies. Continuous abstinence refers to the sustained,
uninterrupted abstinence from smoking over a defined
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follow-up period, typically verified through self-report or
biochemical validation (e.g., expired carbon monoxide or
cotinine levels). Secondary outcomes included: (a) 7-day
point prevalence abstinence (the proportion of participants
who report having not smoked or used nicotine products
at all during the 7 days immediately prior to a specified
assessment point); (b) number of cigarettes smoked per day;
(c) cravings for nicotine (long-term), derived from exercise
training studies; (d) acute cravings, referring to short-term
changes in craving intensity or urge to smoke immediately
following a single session of exercise, derived from single
bout studies.

Log risk ratios (log RRs) were used as the effect measure
for binary outcomes, while standardized mean differences
(SMDs) or mean differences (MDs) were used for continuous
outcomes, depending on whether outcomes were reported
using comparable scales. All results were synthesized using
random-effects meta-analyses and presented as forest plots.
Log RRs were exponentiated to derive risk ratios (RRs)
and corresponding 95% confidence intervals (95%Cls) for
interpretability. For continuous outcomes, Hedges’ g was used
to calculate SMDs, applying a correction for small sample size
bias. The following were used to quantify the size of effects:
small: <0.20; medium: 0.20—0.50; and large: >0.50.>? Statis-
tical heterogeneity across studies was evaluated using
Cochran’s Q test (with p < 0.10 indicating significant hetero-
geneity) and quantified using the I* statistic, the values of
which were interpreted as follows: 0—29% (low); 30—49%
(moderate); 50—74% (substantial); and >75% (considerable)
heterogeneity.”” Subgroup analyses were conducted by absti-
nence assessment method, exercise mode, intensity, interven-
tion length, session frequency, session duration, and risk of
bias (low, some concerns, high). A two-tailed p value < 0.05
was considered statistically significant. Funnel plots were
created to investigate publication bias by assessing the pres-
ence of asymmetries for meta-analyses with at least 10
studies.” Additionally, regression-based Egger’s tests for
small-study effects under a random-effects model with
restricted maximum likelihood estimation were performed to
account for potential unpublished studies.”® All analyses were
performed using Stata/MP Version 16 (StataCorp, College
Station, TX, USA).

2.6. Deviations from the pre-registered protocol

Based on peer-review feedback, an additional subgroup
analysis was performed: we examined potential differences in
intervention effects according to the method of abstinence
assessment (biochemically verified abstinence vs. self-reported
measures).

3. Results

A total of 6436 search results were identified across data-
bases, of which 597> studies met eligibility criteria and
were included. The PRISMA flowchart outlining reasons for
exclusion is shown in Fig. 1, with a full list of reasons for full-
text exclusions (n=70) provided in Supplementary Table 2.

J Sport Health Sci 2026;xxx:101138

Of the 59 included studies, 16" ”* were single bout studies
(assessing cigarette cravings immediately following a single
bout of exercise) and 4377 7> were exercise training studies
(assessing smoking-related outcomes following regular exer-
cise training). All studies focused on cigarette smoking, with
none specifically evaluating vaping or e-cigarette use.
Together, these studies involved a total of 9083 participants
(n=1535 in single bout studies; n =8548 in exercise training
studies). An overview of study characteristics, including
participant demographics, sample sizes, smoking status, inter-
vention and control conditions, exercise prescription, outcome
measures, and follow-up time points, is presented in Supple-
mentary Table 3 for single bout studies and Supplementary
Table 4 for exercise training studies.

3.1. Overview of single bout studies

The 16 studies included single bout studies assessing acute
effects involved participants (n =535) with mean ages ranging
from 20.1% to 42.0 years,”” and sample sizes ranged between
n=8" and n=110."% One study involved all male partici-
pants,”” with the remaining studies involving a mix of male
and female participants. All participants were current daily
smokers, with most studies (n=15) requiring a minimum of
10 cigarettes per day’ "' and a period of abstinence before
testing ranging from 2% to 24 h.*

Exercise interventions included aerobic exercise
(n=11),7" 78790 resistance training (n=2),"""" yoga
(n=1),"" isometric drills (z=1),”" and mixed/moderate
walking protocols combining indoor and outdoor environ-
ments (n=1).”> Sessions ranged from 5”' to 30°' min in dura-
tion and were typically moderate in intensity, commonly
described as 40—68% heart rate reserve (HRR) or rating of
perceived exertion (RPE) 11—13.77 798790

Across the 16 single bout exercise studies, 10 were
rated as having an overall low risk of
bias.”77-8 18478088791 The  remaining 6 studies were
judged to have some concerns, primarily due to potential
carryover effects in crossover designs or limitations in
randomization reporting,’’-#0:82:83.85.92

3.2. Overview of exercise training studies

Intervention durations ranged from 4> to 60°° weeks and
sample sizes ranged between 20°7 and 915°% participants.
Mean participant ages ranged from 20.2°” to 59.4 years.”” The
majority of studies included both male and female participants,
though a substantial proportion focused exclusively on either
female (e.g., ****~**%%) or male participants (e.g., > "****").

Participants were typically daily smokers consuming
10—30 cigarettes per day, with several studies specifically
targeting populations with additional vulnerabilities, including
individuals ~with  depressive  symptoms,”' >*  anxiety
symptoms,”* *® serious mental illness,”’ or comorbid
substance use.’””® Others focused on underserved populations,
including Alaska Native adults®” and pregnant women.*’~”

Across the 43 included exercise training studies, a wide
range of exercise modalities, intensities, durations, and
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Duplicate records removed

v

(n=2116)

Records excluded

\4

(n=4191)

Records excluded (n = 70)

- Wrong publication type (n = 13)
- Wrong study design (n = 26)

- Wrong population (n = 2)

SR
(=
Kol
g Records identified from databases
= (n=6436)
@
=)
N’
\4
SR
Records screened based on
title and abstract
(n=4320)
\4
{2
§ Reports sought for retrieval
5 (n=129)
()
\ 4
Full-text reports assessed for
eligibility
(n=129)
—
) v
el
< Studies included in review
% (n=159)
£
-—

\4

- Wrong outcomes (n =7)

- Wrong intervention (n = 9)

- Exercise combined with other (n = 8)
- Wrong comparator (n = 5)

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart of study identification, screening, eligibility assessment, and

inclusion.

delivery formats were employed. The most common modality
was aerobic exercise, assessed in 33 studies, which typically
involved structured treadmill walking, stationary cycling, or
brisk walking sessions.>>-36-38:3941=47.50-56.58-6608.69.72.75.76.93
Resistance training, either alone or combined with aerobic
components, was used in 4 studies, typically in supervised gym-
based settings.’"****""3 Yoga-based interventions, incorporating
postures, breathing exercises, and meditation, were
implemented in 2 studies (n=2)."""* Three studies used
lifestyle or behavioral integrated physical activity models
(n=3),""""""  encouraging self-initiated or prompted
activity bouts throughout the day to manage cravings.
One study utilized gamified activity via interactive
Kinect or outdoor games to promote physical activity
engagement (n=1).”’

Exercise intensity was most commonly prescribed at a
moderate intensity, reported in 17 studies, and defined by
50—69% of maximum heart rate or equivalent RPE
scales, 084143 747.31.52,0063.66.67.69 govera] studies employed
vigorous-intensity exercise (rn=10), targeting >70% of
maximum heart rate or 77—85% HRR or equivalent RPE >15.
These included treadmill-based aerobic training or progressive
gym-based resistance programs,’’*>**>* %7 and HIIT was
evaluated in 1 study.®”

Across the exercise training studies, 14 were rated as having
a low overall risk of bias,?>-?0-*1:45:31:93:96.39.61.66269.75 e
majority of studies (n=31) were rated as having some
concerns, typically due to issues related to missing outcome

data or deviations from intended interventions (e.g.,
37,43,52,55,62,73,76 : : :

). One study was rated at high risk of bias due
to high levels of missing data and concerns with randomization
and intervention adherence.””

3.3. Meta-analyses results

3.3.1. Abstinence (exercise training studies)

Continuous abstinence: Pooled analysis of 23 RCTs
(n=5512) showed a 15% higher likelihood of continuous
abstinence in the exercise group compared to control
(RR=1.15, 95%CI: 1.01-1.32), indicating a statistically
significant effect (log RR=0.15; 95%CI: 0.01-0.28, p=0.04;
PP =56.66%, Fig. 2).

Seven-day point prevalence abstinence: Pooled analysis of
18 RCTs (n=4455) showed a 21% higher likelihood of absti-
nence in the exercise group compared to control (RR=1.21,
95%CI: 1.03-1.43), indicating a statistically significant effect
(log RR=0.19, 95%CI: 0.03-0.36; p=0.02; I*=41.59%)
(Supplementary Fig. 1).

3.3.2. Number of cigarettes (exercise training studies)

A meta-analysis of 8 RCTs (n=1246) evaluating the effect
of exercise on the number of cigarettes smoked per day
showed a statistically significant reduction in the exercise
group compared to control (mean difference: —2.12 cigarettes/
day; 95%CI: —3.30 to —0.93; > =57.40%; p < 0.01) (Fig. 3).
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Log risk-ratio Weight
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Fig. 2. Meta-analysis of continuous abstinence rates comparing exercise interventions to control conditions (log risk ratio; n=15512). 95%CI, 95% confidence

interval; REML, restricted maximum likelihood.

3.3.3. Cravings (exercise training studies)

Pooled analysis of 8 RCTs (r=366) found a moderate-to-
large effect size suggesting reduced cigarette cravings with
exercise training (SMD = —0.60, 95%CI: —1.30 to 0.10), but
the result was not statistically significant (p =0.09) and hetero-
geneity between studies was high (/> =90.11%) (Fig. 4).

3.3.4. Cravings (single bout studies)

Meta-analysis results of the effects of single bouts of exer-
cise in acute cravings are shown in Fig. 5. Single bouts of
exercise were associated with moderate-to-large reductions
in nicotine cravings immediately post-exercise (SMD =
—0.88; 95%CI: —1.27 to —0.50; I*=74.05%; p < 0.01; 10
RCTs), with large effects also observed 10 min post-exercise
(SMD=—0.80; 95%CI: —1.04 to —0.57; I*=0.00%;
p < 0.01; 8 RCTs). Moderate reductions in cravings were
seen at 20 min (SMD=—-0.57; 95%CI: —1.11 to —0.04;
=10.97%; p=0.04; 2 RCTs) and 30 min post-exercise

(SMD = —0.52; 95%CI: —1.02 to —0.02; *=0.00%; p=
0.04; 2 RCTs).

3.4. Subgroup analyses

Results of subgroup analyses for exercise training studies
(continuous abstinence) and single bout studies (cravings) are
presented in Supplementary Tables 7 and 8, respectively.

Abstinence assessment method: There was no significant
difference in effects (test of subgroup differences: Qb
(1)=1.14, p=0.28) between studies using self-reported (log
RR =0.06; 95%CI: —0.15 to 0.27) compared with biochemi-
cally verified continuous abstinence (log RR=0.21; 95%CTI:
0.03-0.39).

3.4.1. Exercise training studies
There were significant subgroup differences by exercise
mode (test of subgroup differences: Qb(4)=11.21, p=0.024),
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Fig. 3. Meta-analysis of the effect of exercise on the number of cigarettes smoked per day (mean difference; n=1246). 95%CI, 95% confidence interval; diff.,

difference; REML, restricted maximum likelihood.

with various aerobic exercise showing a significant effect (log
RR=0.54; 95%CI: 0.12-0.95) and cycling (log RR=0.53;
95%CI: —0.09 to 1.15), jogging (log RR=-0.23; 95%CI:
—1.14 to 0.67), walking (log RR=0.24; 95%CI: —0.06 to
0.56), and mixed modes (log RR=—-0.13; 95%CI: —0.36 to
0.10) showing a non-significant effect. There were no signifi-
cant subgroup differences based on intensity (Qb(2)=1.83,
p=0.401), intervention length (Qb(1)=3.47, p=0.063), or
session duration (Qb(1)=0.15, p=0.702). However, risk of
bias significantly influenced outcomes (Qb(2)=13.06,
p=0.001), with studies rated as “some concerns” showing a
significant effect (log RR =0.34; 95%CI: 0.08-0.59), while
those rated as low risk (log RR =0.06; 95%CI: —0.35 to 0.48)
or high risk (log RR=-0.33; 95%CI: —0.59 to —0.06)
showed smaller or negative effects (Supplementary Table 7).
Further, session frequency had an effect on continuous absti-
nence (Qb(2)=7.17, p=0.028), with 1-2 sessions per week

(log RR=0.36; 95%CI: 0.22-0.50) showing larger effects
than 3-5 sessions per week (log RR=0.19; 95%CI: -0.13 to
0.52) and 5-7 sessions per week (log RR=0.04; 95%CI: -
0.14 to 0.23) (Supplementary Table 7).

3.4.2. Single bout studies

There were no significant subgroup differences in post-exer-
cise cravings based on exercise mode (Qb(2)=3.94,
p=0.139), duration (Qb(1)=1.92, p=0.166), or risk of bias
(Qb(1)=0.01, p=10.930). However, exercise intensity signifi-
cantly influenced craving outcomes (Qb(2)=9.19, p=0.010).
High-intensity exercise produced a very large reduction in
cravings (SMD = —1.60; 95%CI: —2.26 to —0.94), moderate-
intensity exercise showed a large effect (SMD=—1.24;
95%CI: —1.56 to —0.93), whereas low-intensity exercise was
associated with only a small, non-significant reduction (SMD =
—0.45; 95%CI: —0.96 to 0.05) (Supplementary Table 8).
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Fig. 4. Meta-analysis of the effect of exercise on cigarette cravings (standardized mean difference; n =366). 95%CI, 95% confidence interval; HIIT, high-intensity

interval training; REML, restricted maximum likelihood.
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Fig. 5. Meta-analysis of the acute effect of exercise on cigarette cravings at
multiple time points post-exercise (standardized mean difference): immedi-
ately post-exercise, 10 min, 20 min, and 30 min post-exercise (n=394).
95%CI, 95% confidence interval; REML, restricted maximum likelihood.

3.4.3. Publication bias

Funnel plots were created for meta-analyses with at least 10
studies, including (a) continuous abstinence rates, (b) 7-day
point prevalence abstinence rates, and (c) acute effects of exer-
cise on cigarette cravings, as shown in Supplementary Fig. 2.
The Egger’s test showed no evidence of publication bias for
continuous abstinence rates (8=0.73, SE=0.47, z=1.56,
p=0.12), evidence of small-study effects suggesting potential
publication bias for 7-day point prevalence abstinence rates
(B=1.61, SE=0.52, z=2.82, p=0.004), and a borderline
significant effect indicating possible small-study effects for
acute reductions in cigarette cravings post-exercise (8=4.22,
SE=2.16,z=1.95, p=0.051).

3.4.4. GRADE assessment

Based on the GRADE framework, the certainty of evidence
for the effect of exercise on smoking-related outcomes varied
by outcome (Supplementary Table 9). The certainty was rated
as moderate for reductions in cigarettes per day and acute
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cravings, reflecting consistent, statistically significant findings
across multiple RCTs and generally low-to-moderate risk of
bias. However, the certainty was downgraded to low for absti-
nence outcomes and exercise training effects on cravings due
to concerns about risk of bias, inconsistency (moderate-to-
high heterogeneity), imprecision (non-significant effects with
wide confidence intervals), and potential publication bias
(notably for 7-day point prevalence abstinence). There were
no serious concerns regarding indirectness across any
outcome.

4. Discussion
4.1. Overview of findings

Exercise interventions significantly improved continuous
abstinence rates by 15% and 7-day point prevalence abstinence
by 21% compared to control conditions. Additionally, exercise
reduced daily cigarette consumption by approximately 2 ciga-
rettes per day and produced moderate-to-large reductions in
acute cravings immediately and up to 30 min post-exercise.
However, exercise did not significantly reduce long-term crav-
ings, and no included trials evaluated vaping cessation
outcomes. Taken together, these findings suggest that exercise
improves several smoking-related outcomes, particularly acute
cravings and cigarette consumption, though its effects on
sustained abstinence remain modest.

4.2. Comparison with previous findings

This review extends previous systematic reviews in several
important ways. Prior meta-analyses have consistently
reported small-to-moderate benefits of aerobic exercise on
smoking cessation when used as an adjunct to standard inter-
ventions.”” For example, Santos et al.”* analyzed 18 RCTs and
found only marginal improvements in abstinence rates with
aerobic exercise alone. In contrast, the current review incorpo-
rated a substantially larger evidence base, including 59 RCTs
up to 2025, and broadened the scope to include resistance
training, yoga, and multimodal exercise programs. Our
observed effect sizes for continuous abstinence (RR=1.15)
and 7-day point prevalence abstinence (RR =1.21) were larger
than those reported by Santos et al.”* (RR =0.79). This differ-
ence may reflect the inclusion of a larger and more diverse
evidence base in our review.

Consistent with previous findings, the present meta-analysis
confirmed that single bouts of moderate-to-vigorous intensity
exercise produce significant acute craving reductions.”?
Subgroup analyses revealed greater craving reductions with
higher-intensity exercise, supporting neurobiological theories
proposing that elevated exercise intensity enhances dopami-
nergic and endorphinergic activity, thereby modulating reward
pathways implicated in nicotine addiction.”’”* However,
similar to earlier reviews, exercise did not significantly impact
long-term cravings,”' underscoring its limited sustained effects
without integration with broader cessation supports.

The current review situates exercise interventions within
the broader landscape of smoking cessation strategies. Nurse-
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led counseling, for instance, has demonstrated relatively large
short-term effects, with a recent meta-analysis reporting a 43%
increase in 7-day point prevalence abstinence at 6 months
(odds ratio (OR)=1.43), although no significant effect was
observed at 12 months (OR =1.18).”” In contrast, a previous
systematic review and meta-analysis of digital interventions
found no significant differences in abstinence rates when
comparing  internet-based  programs to  face-to-face
(RR =1.35) or telephone counseling (RR =0.95).”° Notably, a
recent systematic review and meta-analysis of conversational
agents for smoking cessation reported even greater efficacy,
with a 66% increase in abstinence rates compared to control
conditions (OR = 1.66).””

Despite generally larger effect sizes for pharmacological
and digital interventions, exercise offers unique advantages as
a cessation aid. Pharmacotherapies such as nicotine replace-
ment therapy, bupropion, and varenicline are effective but not
suitable for everyone, including individuals with contraindica-
tions such as certain psychiatric conditions (e.g., uncontrolled
depression, bipolar disorder) or a history of seizures.”®"’
Common side effects include nausea and insomnia, while less
common but serious adverse effects can include mood altera-
tions, irritability, and suicidal ideation.”” '°" Digital interven-
tions can also be effective but require technological access and
literacy, which may be barriers for some populations. In
contrast, exercise can be self-directed, is free of technological
barriers, and confers wide-ranging physical and mental health
benefits beyond smoking cessation, such as improved mood,
reduced stress, and enhanced psychological well-being. The
included studies comprised both standalone and adjunct exer-
cise interventions, and while this review did not compare these
approaches directly, the findings suggest exercise may be
beneficial in either role. Its accessibility and scalability make
it a promising option for those unable or unwilling to use phar-
macotherapy or digital supports, as well as a potentially valu-
able complement to these approaches.

Subgroup analyses revealed significant differences by exer-
cise mode, with various aerobic exercise modalities collec-
tively demonstrating significant benefits for continuous
abstinence, while individual modalities such as walking,
cycling, and jogging showed non-significant effects, likely
reflecting insufficient statistical power within these smaller
subgroups rather than genuine differences in efficacy. The
non-significant effect observed for mixed-mode interventions
may suggest that combining multiple exercise types dilutes
adherence or reduces the dose of any single modality below
the threshold needed to support cessation outcomes, although
this finding warrants cautious interpretation given the hetero-
geneity in intervention design across studies. These results
support the prescription of aerobic exercise as a broad category
for smoking cessation, while highlighting the need for future
trials powered to detect modality-specific effects and to deter-
mine whether particular aerobic activities (e.g., walking vs.
cycling) offer distinct advantages in terms of accessibility,
adherence, or craving suppression. For single bout studies,
higher exercise intensity produced markedly greater craving
reductions, supporting dose-response relationships and
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neurobiological theories that intense exercise enhances craving
suppression through dopaminergic and endorphinergic reward
pathways.””*® These findings indicate that exercise modality
and intensity are critical for effectiveness and should guide
future smoking cessation program design.

From a practical perspective, the findings suggest that
aerobic exercise modalities (e.g., brisk walking, cycling, tread-
mill exercise) are most consistently associated with improved
abstinence outcomes. Subgroup analyses indicate that exercise
intensity plays a key role in acute craving suppression, with
the largest reductions observed following high-intensity exer-
cise, followed by moderate-intensity activity, while low-inten-
sity activity shows little or no effect. Importantly, single bouts
as short as 5—30 min were effective in reducing cravings
immediately post-exercise and up to 30 min, indicating that
brief, flexible activity sessions can be used strategically to
manage urges during quit attempts. These findings support the
use of accessible aerobic activities, performed at a moderate or
higher perceived intensity, as a practical adjunct to smoking
cessation efforts.

The GRADE ratings indicate that while exercise consis-
tently reduces cigarette consumption and acute cravings, confi-
dence in its effectiveness for achieving long-term abstinence
remains limited. This low certainty suggests current evidence
is insufficient to recommend exercise as a standalone cessation
strategy. Future high-quality RCTs with rigorous methods,
adequate samples, and biochemically verified abstinence are
needed to strengthen the evidence base and guidelines.
Further, no included trials evaluated vaping or e-cigarette
cessation outcomes, representing a critical evidence gap given
the rapid growth of e-cigarette use and dual use with combus-
tible cigarettes; future RCTs should specifically examine the
effects of exercise on vaping cessation and dual-use patterns.
Our findings should be interpreted with caution, as substantial
heterogeneity was observed in some pooled estimates (e.g.,
craving outcomes in exercise training interventions). Further
subgroup or meta regression analyses were not conducted due
to the limited number of studies contributing to each analysis
and the insufficient reporting of key covariates, such as exer-
cise adherence, baseline dependence severity, and intervention
setting. Clinically, exercise remains a valuable adjunctive
strategy, complementing pharmacotherapies and behavioral
counseling, particularly for individuals experiencing strong
urges or preferring non-pharmacological approaches. Addi-
tionally, reductions in daily cigarette consumption indicate a
potential harm-reduction role, with even partial reductions
conferring cardiovascular and cancer risk benefits.'”> The
absence of studies examining vaping cessation highlights a
critical evidence gap, given the rising prevalence of e-cigarette
use and dual use with cigarettes globally.”

4.3. Future research

Future studies should investigate the long-term effects of
exercise interventions on sustained abstinence, incorporating
biochemically verified outcomes and robust adherence moni-
toring. Although no eligible trials assessed vaping cessation
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outcomes, this absence highlights a critical and previously
undocumented gap in the literature given the rapid growth of
e-cigarette use and dual use globally. Trials evaluating exer-
cise for vaping cessation are urgently needed, given the
distinct behavioral profiles and nicotine delivery mechanisms
associated with e-cigarettes. Research should also determine
optimal exercise types, intensities, and delivery formats (e.g.,
app-based, group-based, or telehealth-supported interven-
tions), and explore mechanistic pathways such as neural
reward processing and stress regulation.”” Although evaluating
the cost-effectiveness and equity of exercise interventions was
not an aim of this review, future research should prioritize
economic evaluations and examine accessibility, uptake, and
effectiveness across diverse socioeconomic and underserved
populations to inform scalable and equitable implementation.
Implementation trials assessing scalability, cost-effectiveness,
and integration with standard cessation services will be critical
to inform policy and practice.

Translating these findings into routine cessation care will
require addressing several implementation barriers, including
the need for clear referral pathways between smoking cessa-
tion services and community exercise programs, adequate
training for healthcare providers in exercise prescription for
smoking cessation, and strategies to maintain long-term adher-
ence among individuals attempting to quit. Integration could
be facilitated through partnerships with existing community
fitness facilities, incorporation of brief exercise counseling
into standard cessation appointments, and development of
digital platforms that deliver tailored exercise prompts during
high-risk craving periods. Cost-effectiveness analyses and
implementation trials examining acceptability, uptake, and
sustained engagement across diverse healthcare settings will
be critical to inform scalable models of care that embed exer-
cise as a routine component of smoking cessation support.

4.4. Strengths and limitations

This review’s strengths include its comprehensive scope,
rigorous methodology, inclusion of both single bout and
training interventions, and assessment of multiple outcomes
including abstinence, cravings, and cigarette consumption. It
synthesizes evidence from 59 RCTs involving more than 9000
participants—making it around 3 times larger than the most
comprehensive previous reviews, and includes a broader range
of exercise modalities, populations, and settings than earlier
studies. The inclusion of recent trials enhances the contempo-
rary relevance of findings. However, limitations should be
acknowledged. Heterogeneity in intervention characteristics
(e.g., exercise mode, intensity, supervision) and outcome defi-
nitions may have contributed to variability in effect sizes.
Some abstinence outcomes relied on self-reported measures
without biochemical verification, introducing potential bias.
Additionally, insufficient reporting of intervention adherence
limited exploration of dose-response relationships, and no
included trials evaluated vaping cessation, limiting generaliz-
ability to this growing user group. This review was limited to
studies published in English, which may introduce language
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bias and limit the global representativeness of the findings;
future updates should consider inclusion of non-English
studies where feasible. Further, several single bout studies
were rated as having some concerns for risk of bias, most
commonly due to potential carryover effects in crossover
designs. In these studies, incomplete washout periods or
residual physiological and psychological effects of prior exer-
cise or control conditions may have influenced subsequent
craving assessments, potentially leading to either attenuation
or inflation of observed acute effects.

5. Conclusion

This systematic review and meta-analysis demonstrates that
exercise interventions can modestly improve smoking absti-
nence rates, reduce daily cigarette consumption, and acutely
suppress cravings. The evidence suggests that acrobic exercise,
particularly when performed at moderate-to-vigorous inten-
sity, is associated with improved abstinence outcomes. Brief
bouts (5—30 min) are effective for managing acute cravings,
with greater craving suppression observed at higher exercise
intensities. These findings support exercise as a safe, acces-
sible, and scalable behavioral strategy that may complement
established smoking cessation supports. Integrating flexible,
aerobic exercise options into cessation programs may enhance
quit success, reduce tobacco-related harm, and improve popu-
lation health outcomes.

Acknowledgments

This project received no specific funding. CM is supported
by a Medical Research Future Fund Emerging Leader Grant
(GNT1193862). DD is supported by an Australian Research
Council Discovery Early Career Award (DE230101174) and
by the Centre of Research Excellence in Driving Global
Investment in Adolescent Health funded by NHMRC
APP1171981. AM is supported by the Centre of Research
Excellence in Driving Global Investment in Adolescent Health
funded by NHMRC APP1171981. The other authors received
no additional funding.

Authors’ contributions

BS led the project, drafted the manuscript and protocol,
conducted screening, extraction, risk of bias assessment, statis-
tical analyses, and is the guarantor; CM drafted the initial
study protocol; JP, AM, DD, KS, KD, MM, SJV, EE, MZ, RC,
CS, JH, SK, and LG conducted screening, extraction, and risk
of bias assessment. All authors have read and approved the
final version of the manuscript, and agree with the order of
presentation of the authors.

Declaration of competing interest

The authors declare that they have no competing interests.

| Cite this article: Singh B, Petersen J, Miatke A, et al. Exercise-based interventions for smoking cessation: A systematic review and meta-analysis. J Sport Health Sci 2026;xxx:101138.

1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130



1131
1132
1133
1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154
1155
1156
1157
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
1182
1183
1184
1185
1186
1187

Q4

B. Singh et al.

Data availability

All data generated or analyzed during this study are

included in this published article and its supplementary infor-
mation files.

Supplementary materials

Supplementary material associated with this article can be

found in the online version at doi:10.1016/j.jshs.2026.101138.

References

1.

Reitsma MB, Kendrick PJ, Ababneh E, et al. Spatial, temporal, and
demographic patterns in prevalence of smoking tobacco use and attribut-
able disease burden in 204 countries and territories, 1990—2019: A
systematic analysis from the Global Burden of Disease Study 2019.
Lancet 2021;397:2337-60.

. Goodchild M, Nargis N, Tursan d’Espaignet E. Global economic cost of

smoking-attributable diseases. Tob Control 2018;27:58—64.

. Dai X, Gakidou E, Lopez AD. Evolution of the global smoking epidemic

over the past half century: Strengthening the evidence base for policy
action. Tob Control 2022;31:129-35.

. Hartmann-Boyce J, Lindson N, Butler AR, et al. Electronic cigarettes for

smoking cessation. Cochrane Database Syst Rev 2022;11:CD010216.
doi:10.1002/14651858.CD010216.pub7.

. Soneji S, Barrington-Trimis JL, Wills TA, et al. Association between

initial use of e-cigarettes and subsequent cigarette smoking among
adolescents and young adults: A systematic review and meta-analysis.
JAMA Pediatr 2017;171:788-97.

. Kundu A, Feore A, Sanchez S, et al. Cardiovascular health effects of

vaping e-cigarettes: A systematic review and meta-analysis. Heart
2025;111:599-608.

. Rebuli ME, Rose JJ, Noél A, et al. The e-cigarette or vaping product

use—associated lung injury epidemic: Pathogenesis, management, and
future directions. Ann Am Thorac Soc 2023;20:1-17.

. Reynolds CME, Mack JB, O’Connor L, McAvoy H. The effects of

vaping on children and adolescent health: A review of systematic
reviews. Lancet 2024;404:S87. doi:10.1016/S0140-6736(24)02008-7.

. Kim CY, Paek YJ, Seo HG, et al. Dual use of electronic and conven-

tional cigarettes is associated with higher cardiovascular risk factors in
Korean men. Sci Rep 2020;10:5612. doi:10.1038/s41598-020-62545-3.

. Tansawet A, Anothaisintawee T, Boonmanunt SW, et al. Electronic ciga-

rettes and cardiovascular diseases: An updated systematic review and
network meta-analysis. Tob Induc Dis 2025;23:1-12.

. Aveyard P, Begh R, Parsons A, West R. Brief opportunistic smoking

cessation interventions: A systematic review and meta-analysis. Addic-
tion 2012;107:1066-73.

. Leone FT, Zhang Y, Evers-Casey S, et al. Initiating pharmacologic treat-

ment in tobacco-dependent adults: An official American Thoracic
Society clinical practice guideline. Am J Respir Crit Care Med
2020;202:e5-31.

. Cahill K, Stevens S, Perera R, Lancaster T. Pharmacological interven-

tions for smoking cessation: An overview and network meta-analysis.
Cochrane Database Syst Rev 2013;5:CD009329. doi:10.1002/14651858.
CD009329.pub2.

. Stead LF, Lancaster T. Combined pharmacotherapy and behavioural

interventions for smoking cessation. Cochrane Database Syst Rev
2012;10:CD008286. doi:10.1002/14651858.CD008286.pub?2.

. Creamer MR, Wang TW, Babb S, et al. Tobacco product use and cessa-

tion indicators among adults—United States, 2018. MMWR Morb
Mortal Wkly Rep 2019;68:1013-9.

. Hughes JR, Keely J, Naud S. Shape of the relapse curve and long-term

abstinence among untreated smokers. Addiction 2004;99:29-38.

. Matkin W, Ordénez-Mena JM, Hartmann-Boyce J. Telephone counsel-

ling for smoking cessation. Cochrane Database Syst Rev 2019;5:
CD002850. doi:10.1002/14651858.CD002850.pub4.

11

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

J Sport Health Sci 2026;xxx:101138

Australian Institute of Health and Welfare. National Drug Strategy
Household Survey 2022—2023. Canberra: AIHW; 2023.

Kalkhoran S, Glantz SA. E-cigarettes and smoking cessation in real-
world and clinical settings: A systematic review and meta-analysis.
Lancet Respir Med 2016;4:116-28.

Roberts V, Maddison R, Simpson C, Bullen C, Prapavessis H. The acute
effects of exercise on cigarette cravings, withdrawal symptoms, affect,
and smoking behaviour: Systematic review update and meta-analysis.
Psychopharmacology (Berl) 2012;222:1-15.

Ussher MH, Faulkner GE, Angus K, Hartmann-Boyce J, Taylor AH.
Exercise interventions for smoking cessation. Cochrane Database Syst
Rev 2019;222:CD002295. doi:10.1002/14651858.CD002295.pub6. 201.

Prapavessis H, De Jesus S, Harper T, et al. The effects of acute exercise
on tobacco cravings and withdrawal symptoms in temporary abstinent
pregnant smokers. Addict Behav 2014;39:703-8.

Ashdown-Franks G, Firth J, Carney R, et al. Exercise as medicine for
mental and substance use disorders: A meta-review. Sports Med
2020;50:151-70.

Santos CP, Proenga M, Gouveia TDS, et al. Effectiveness of aerobic
exercise on smoking cessation in adults: A systematic review and meta-
analysis. J Phys Act Health 2021;18:230-42.

Klinsophon T, Thaveeratitham P, Sittheerakul R, Janwantanakul P.
Effect of exercise type on smoking cessation: A meta-analysis of
randomized controlled trials. BMC Res Notes 2017;10:442. doi:10.1186/
s13104-017-2762-y.

Schottl SE, Niedermeier M, Kopp-Wilfling P, et al. Add-on
exercise interventions for smoking cessation in people with mental
illness. BMC Sports Sci Med Rehabil 2022;14:115. doi:10.1186/s13102-
022-00498-y.

Zhou Y, Feng W, Guo Y, Wu J. Effect of exercise intervention on
smoking cessation: A meta-analysis. Front Physiol 2023;14:1221898.
doi:10.3389/fphys.2023.1221898.

Chen H, Yang Y, Miyai H, Yi C, Oliver BG. The effects of exercise with
nicotine replacement therapy for smoking cessation in adults: A system-
atic review. Front Psychiatry 2022;13:1053937. doi:10.3389/
fpsyt.2022.1053937.

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 state-
ment. BMJ 2021;372:n71. doi:10.1136/bmj.n71.

Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise,
and physical fitness. Public Health Rep 1985;100:126-31.

Atkins D, Best D, Briss PA, et al. Grading quality of evidence and
strength of recommendations. BMJ 2004;328:1490. doi:10.1136/
bmj.328.7454.1490.

Lakens D. Calculating and reporting effect sizes to facilitate cumulative
science: A practical primer for t-tests and ANOVAs. Front Psychol
2013;4:863. doi:10.3389/fpsyg.2013.00863.

Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsis-
tency in meta-analyses. BMJ 2003;327:557-60.

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ 1997;315:629-34.

De La Garza 2nd R, Yoon JH, Thompson-Lake DG, et al. Treadmill
exercise improves fitness and reduces craving and use of cocaine in indi-
viduals with concurrent cocaine and tobacco-use disorder. Psychiatry
Res 2016;245:133-40.

Oncken C, Allen S, Litt M, et al. Exercise for smoking cessation in post-
menopausal women: A randomized, controlled trial. Nicotine Tob Res
2020;22:1587-95.

Kim S. Effect of complex training on carbon monoxide, cardiorespira-
tory function, and body mass among college students at the initial stage
of stopping smoking. J Phys Ther Sci 2017;29:1297-300.

Taylor AH, Thompson TP, Streeter A, et al. Motivational support
intervention to reduce smoking and increase physical activity in smokers
not ready to quit: The TARS RCT. Health Technol Assess 2023;27:
1-277.

Hill RD, Rigdon M, Johnson S. Behavioral smoking cessation for older
chronic smokers. Behav Ther 1993;24:321-9.

. Bock BC, Fava JL, Gaskins R, et al. Yoga as a complementary treatment

for smoking cessation. J Womens Health (Larchmt) 2012;21:240-8.

Cite this article: Singh B, Petersen J, Miatke A, et al. Exercise-based interventions for smoking cessation: A systematic review and meta-analysis. J Sport Health Sci 2026;xxx:101138.

1188
1189
1190
1191
1192
1193
1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244


https://doi.org/10.1016/j.jshs.2026.101138
https://doi.org/10.1002/14651858.CD010216.pub7
https://doi.org/10.1016/S0140-6736(24)02008-7
https://doi.org/10.1038/s41598-020-62545-3
https://doi.org/10.1002/14651858.CD009329.pub2
https://doi.org/10.1002/14651858.CD009329.pub2
https://doi.org/10.1002/14651858.CD008286.pub2
https://doi.org/10.1002/14651858.CD002850.pub4
https://doi.org/10.1002/14651858.CD002295.pub6
https://doi.org/10.1186/s13104-017-2762-y
https://doi.org/10.1186/s13104-017-2762-y
https://doi.org/10.1186/s13102-022-00498-y
https://doi.org/10.1186/s13102-022-00498-y
https://doi.org/10.3389/fphys.2023.1221898
https://doi.org/10.3389/fpsyt.2022.1053937
https://doi.org/10.3389/fpsyt.2022.1053937
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.328.7454.1490
https://doi.org/10.1136/bmj.328.7454.1490
https://doi.org/10.3389/fpsyg.2013.00863

1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301

B. Singh et al.

41.

42.

43.

44

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Dunsiger S, Emerson JA, Ussher M, et al. Exercise as a smoking cessa-
tion treatment for women: A randomized controlled trial. J Behav Med
2021;44:794-802.

Marcus BH, Albrecht AE, King TK, et al. The efficacy of exercise as an
aid for smoking cessation in women: A randomized controlled trial.
Arch Intern Med 1999;159:1229-34.

Marcus BH, Lewis BA, Hogan J, et al. The efficacy of moderate-inten-
sity exercise as an aid for smoking cessation in women: A randomized
controlled trial. Nicotine Tob Res 2005;7:871-80.

Williams DM, Whiteley JA, Dunsiger S, et al. Moderate intensity exer-
cise as an adjunct to standard smoking cessation treatment for women: A
pilot study. Psychol Addict Behav 2010;24:349-54.

Williams DM, Dunsiger S, Whiteley JA, Ussher MH, Ciccolo JT,
Jennings EG. Acute effects of moderate intensity aerobic exercise on
affective withdrawal symptoms and cravings among women smokers.
Addict Behav 2011;36:894—7.

Williams CD, Taylor T, Stanton C, Makambi K, Hicks J, Adams-Camp-
bell LL. A feasibility study of smoking cessation utilizing an exercise
intervention among black women: “Quit and Fit”. J Natl Med Assoc
2021;113:243-51.

Ussher M, Lewis S, Aveyard P, et al. Physical activity for smoking
cessation in pregnancy: Randomised controlled trial. BMJ 2015;350:
h2145. doi:10.1136/bmj.h2145.

Whiteley JA, Williams DM, Dunsiger S, et al. YMCA commit to quit:
Randomized trial outcomes. Am J Prev Med 2012;43:256-62.
Leelarungrayub D, Pratanaphon S, Pothongsunun P, Sriboonreung T,
Yankai A, Bloomer RJ. Vernonia cinerea Less. supplementation and
strenuous exercise reduce smoking rate: Relation to oxidative stress
status and beta-endorphin release in active smokers. J Int Soc Sports
Nutr2010;7:21. doi:10.1186/1550-2783-7-21.

Saritoy A, Usgu S. The effect of aerobic exercises of different intensities
on anxiety, cigarette addiction, sleep quality, and quality of life in
former smokers. Ir J Med Sci 2023;192:1505-16.

Abrantes AM, Browne J, Uebelacker LA, et al. Randomized controlled
trial of aerobic exercise for smoking cessation among individuals with
elevated depressive symptoms. Nicotine Tob Res 2024;26:634-8.
Bernard P, Ninot G, Cyprien F, et al. Exercise and counseling for
smoking cessation in smokers with depressive symptoms: A randomized
controlled pilot trial. J Dual Diagn 2015;11:205-16.

Patten CA, Bronars CA, Vickers Douglas KS, et al. Supervised, vigorous
intensity exercise intervention for depressed female smokers: A pilot
study. Nicotine Tob Res 2017;19:77-86.

Smits JA, Zvolensky MJ, Davis ML, et al. The efficacy of vigorous-
intensity exercise as an aid to smoking cessation in adults with high
anxiety sensitivity: A randomized controlled trial. Psychosom Med
2016;78:354-64.

Smits JAJ, Zvolensky MJ, Rosenfield D, et al. Community-based
smoking cessation treatment for adults with high anxiety sensitivity: A
randomized clinical trial. Addiction 2021;116:3188-97.

Zvolensky MJ, Rosenfield D, Garey L, et al. Does exercise aid smoking
cessation through reductions in anxiety sensitivity and dysphoria?
Health Psychol 2018;37:647-57.

Leutwyler H, Hubbard E, Bussell T, et al. A pilot randomized controlled
trial of a multicomponent smoking cessation intervention for adults with
serious mental illness. Games Health J 2025;14:242-50.

Patten CA, Martin JE, Calfas KJ, Brown SA, Schroeder DR. Effect of
three smoking cessation treatments on nicotine withdrawal in 141 absti-
nent alcoholic smokers. Addict Behav 2000;25:301-6.

Silva-Jose C, Sanchez-Polan M, Barakat R, Diaz-Blanco A, Mottola MF,
Refoyo I. A virtual exercise program throughout pregnancy during the
COVID-19 pandemic modifies maternal weight gain, smoking habits
and birth weight: Randomized clinical trial. J Clin Med 2022;11:4045.
doi:10.3390/jcm11144045.

Abrantes AM, Bloom EL, Strong DR, et al. A preliminary randomized
controlled trial of a behavioral exercise intervention for smoking cessa-
tion. Nicotine Tob Res 2014;16:1094—103.

Abrantes AM, Farris SG, Minami H, Strong DR, Riebe D, Brown RA.
Acute effects of aerobic exercise on affect and smoking craving in the

12

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

J Sport Health Sci 2026;xxx:101138

weeks before and after a cessation attempt. Nicotine Tob Res
2018;20:575-82.

Allen A, Carlson SC, Bosch TA, et al. High-intensity interval training
and continuous aerobic exercise interventions to promote self-initiated
quit attempts in young adults who smoke: Feasibility, acceptability, and
lessons learned from a randomized pilot trial. J Addict Med 2018;
12:373-80.

Bize R, Willi C, Chiolero A, et al. Participation in a population-based
physical activity programme as an aid for smoking cessation: A rando-
mised trial. Tob Control 2010;19:488-94.

Maddison R, Roberts V, McRobbie H, et al. Exercise counseling to
enhance smoking cessation outcomes: The Fit2Quit randomized
controlled trial. Ann Behav Med 2014;48:194-204.

Nair US, Patterson F, Rodriguez D, Collins BN. A telephone-based inter-
vention to promote physical activity during smoking cessation: A
randomized controlled proof-of-concept study. Trans! Behav Med
2017;7:138-47.

Prochaska JJ, Hall SM, Humfleet G, et al. Physical activity as a strategy
for maintaining tobacco abstinence: A randomized trial. Prev Med
2008;47:215-20.

Prochaska JJ, Vogel EA, Oppezzo M, et al. A randomized controlled trial
evaluation of a smoking cessation and physical activity intervention
delivered via telemedicine in the Norton Sound region of Alaska. Addict
Behav 2025;160:108179. doi:10.1016/j.addbeh.2024.108179.

Stockton MB, Ward KD, McClanahan BS, et al. The efficacy of individ-
ualized, community-based physical activity to aid smoking cessation: A
randomized controlled trial. J Smok Cessat 2023;2023:5535832.
doi:10.1155/2023/5535832.

Taylor AH, Thompson TP, Greaves CJ, et al. A pilot randomised trial to
assess the methods and procedures for evaluating the clinical effective-
ness and cost-effectiveness of Exercise Assisted Reduction then Stop
(EARS) among disadvantaged smokers. Health Technol Assess
2014;18:1-324.

Hassandra M, Lintunen T, Hagger MS, Heikkinen R, Vanhala M,
Kettunen T. An mHealth app for supporting quitters to manage cigarette
cravings with short bouts of physical activity: A randomized pilot feasi-
bility and acceptability study. JMIR Mhealth Uhealth 2017;5:¢74.
doi:10.2196/mhealth.6252.

Linke SE, Rutledge T, Myers MG. Intermittent exercise in response to
cigarette cravings in the context of an Internet-based smoking cessation
program. Ment Health Phys Act 2012;5:85-92.

Chaney SE, Sheriff S. Weight gain among women during smoking cessa-
tion: Testing the effects of a multifaceted program. A40OHN J 2008;
56:99-105.

Ciccolo JT, Dunsiger SI, Williams DM, et al. Resistance training as an
aid to standard smoking cessation treatment: A pilot study. Nicotine Tob
Res 2011;13:756-60.

Bock BC, Dunsiger SI, Rosen RK, et al. Yoga as a complementary
therapy for smoking cessation: Results from breatheasy, a randomized
clinical trial. Nicotine Tob Res 2019;21:1517-23.

Li C, Yao N, Miller SL, et al. Exercise and reduced nicotine content
cigarettes in adult female smokers: A pilot trial. Int J Environ Res Public
Health 2022;19:6647. doi:10.3390/ijerph19116647.

Ussher M, West R, McEwen A, Taylor A, Steptoe A. Efficacy of exer-
cise counselling as an aid for smoking cessation: A randomized
controlled trial. Addiction 2003;98:523-32.

Angeli M, Hatzigeorgiadis A, Comoutos N, Krommidas C, Morres ID,
Theodorakis Y. The effects of self-regulation strategies following
moderate intensity exercise on ad libitum smoking. Addict Behav
2018;87:109-14.

De Jesus S, Prapavessis H. Affect and cortisol mechanisms through
which acute exercise attenuates cigarette cravings during a temporary
quit attempt. Addict Behav 2018;80:82—8.

Fong AJ,De Jesus S, Bray SR, Prapavessis H. Effect of exercise on cigarette
cravings following concurrent stressors. Addict Behav2014;39:1516-21.
Ho JY, Kraemer WIJ, Volek JS, et al. Effects of resistance exercise on the
HPA axis response to psychological stress during short-term smoking
abstinence in men. Addict Behav 2014;39:695-8.

Cite this article: Singh B, Petersen J, Miatke A, et al. Exercise-based interventions for smoking cessation: A systematic review and meta-analysis. J Sport Health Sci 2026;xxx:101138.

1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
1342
1343
1344
1345
1346
1347
1348
1349
1350
1351
1352
1353
1354
1355
1356
1357
1358


https://doi.org/10.1136/bmj.h2145
https://doi.org/10.1186/1550-2783-7-21
https://doi.org/10.3390/jcm11144045
https://doi.org/10.1016/j.addbeh.2024.108179
https://doi.org/10.1155/2023/5535832
https://doi.org/10.2196/mhealth.6252
https://doi.org/10.3390/ijerph19116647

1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
1375
1376
1377
1378
1379
1380
1381
1382
1383
1384
1385
1386
1387
1388
1389
1390
1391
1392
1393
1394
1395
1396
1397
1398
1399
1400
1401
1402
1403
1404
1405
1406
1407
1408
1409
1410
1411
1412
1413
1414
1415

B. Singh et al.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Jeffries ER, Zvolensky MJ, Buckner JD. The acute impact of Hatha
Yoga on craving among smokers attempting to reduce or quit. Nicotine
Tob Res 2020;22:446-51.

Masiero M, Keyworth H, Pravettoni G, Cropley M, Bailey A. Short bouts
of physical activity and smoking withdrawal symptoms. Healthcare
(Basel) 2020;8:425. doi:10.3390/healthcare8040425.

Oh H, Taylor AH. Self-regulating smoking and snacking through phys-
ical activity. Health Psychol 2014;33:349-59.

Taylor A, Katomeri M. Walking reduces cue-elicited cigarette cravings
and withdrawal symptoms, and delays ad libitum smoking. Nicotine Tob
Res 2007;9:1183-90.

Taylor AH, Katomeri M, Ussher M. Acute effects of self-paced walking
on urges to smoke during temporary smoking abstinence. Psychophar-
macology (Berl) 2005;181:1-7.

Tritter A, Fitzgeorge L, Prapavessis H. The effect of acute exercise on
cigarette cravings while using a nicotine lozenge. Psychopharmacology
(Berl) 2015;232:2531-9.

Van Rensburg KJ, Taylor A, Hodgson T, Benattayallah A. Acute exer-
cise modulates cigarette cravings and brain activation in response to
smoking-related images: An fMRI study. Psychopharmacology (Berl)
2009;203:589-98.

Van Rensburg KJ, Taylor A, Hodgson T. The effects of acute exercise on
attentional bias towards smoking-related stimuli during temporary absti-
nence from smoking. Addiction 2009;104:1910-7.

Van Rensburg KJ, Taylor A, Benattayallah A, Hodgson T. The effects of
exercise on cigarette cravings and brain activation in response to
smoking-related images. Psychopharmacology (Berl) 2012;221:659-66.

Van Rensburg KJ, Taylor AH. The effects of acute exercise on cognitive
functioning and cigarette cravings during temporary abstinence from
smoking. Hum Psychopharmacol 2008;23:193-9.

Zhang MJ, Cheung YTD, Wang Q, et al. Efficacy of simple and very
brief handgrip and isometric exercises for reducing withdrawal symp-
toms in cigarette smokers: A pilot randomized controlled trial. 7ob
Induc Dis 2024;22:87. doi:10.18332/tid/187839.

13

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

J Sport Health Sci 2026;xxx:101138

Schottl SE, Insam K, Frithauf A, et al. Acute effects of outdoor and
indoor walking on cigarette cravings, withdrawal symptoms and affec-
tive response during temporary smoking abstinence. Psychopharma-
cology (Berl) 2024;241:739-52.

Prapavessis H, De Jesus S, Fitzgeorge L, Faulkner G, Maddison R,
Batten S. Exercise to enhance smoking cessation: The getting physical
on cigarette randomized control trial. Ann Behav Med 2016;50:358—69.
doi:10.1007/s12160-015-9761-9.

Zhou Y, Feng W, Guo Y, Wu J. Effect of exercise intervention on
smoking cessation: A meta-analysis. Front Physiol 2023;14:1221898.
doi:10.3389/fphys.2023.1221898.

Lee EH, Yu HIJ. Effectiveness of nurse-initiated smoking cessation inter-
vention: A systematic review and meta-analysis. Subst Abuse Treat Prev
Policy 2025;20:18. doi:10.1186/s13011-025-00648-8.

Graham AL, Carpenter KM, Cha S, et al. Systematic review and meta-
analysis of internet interventions for smoking cessation among adults.
Subst Abuse Rehabil 2016;7:55-69.

He L, Balaji D, Wiers RW, Antheunis ML, Krahmer E. Effectiveness
and acceptability of conversational agents for smoking cessation:
A systematic review and meta-analysis. Nicotine Tob Res 2023;25:
1241-50.

Aubin HJ, Luquiens A, Berlin I. Pharmacotherapy for smoking cessa-
tion: Pharmacological principles and clinical practice. Br J Clin Phar-
macol 2014;77:324-36.

Royal Australian College of General Practitioners. Pharmacotherapy for
Smoking Cessation. Melbourne: RACGP; 2019.

Hersi M, Beck A, Hamel C, et al. Effectiveness of smoking cessation
interventions among adults: An overview of systematic reviews. Syst
Rev 2024;13:179. doi:10.1186/s13643-024-02570-9.

Gomez-Coronado N, Walker AJ, Berk M, Dodd S. Current and emerging
pharmacotherapies for cessation of tobacco smoking. Pharmacotherapy
2018;38:235-58.

Chan KH, Xiao D, Zhou M, Peto R, Chen Z. Tobacco control in China.
Lancet Public Health 2023;8:¢1006-15.

Cite this article: Singh B, Petersen J, Miatke A, et al. Exercise-based interventions for smoking cessation: A systematic review and meta-analysis. J Sport Health Sci 2026;xxx:101138.

1416
1417
1418
1419
1420
1421
1422
1423
1424
1425
1426
1427
1428
1429
1430
1431
1432
1433
1434
1435
1436
1437
1438
1439
1440
1441
1442
1443
1444
1445
1446
1447
1448
1449
1450
1451
1452
1453
1454
1455
1456
1457
1458
1459
1460
1461
1462
1463
1464
1465
1466
1467
1468
1469
1470
1471
1472


https://doi.org/10.3390/healthcare8040425
https://doi.org/10.18332/tid/187839
https://doi.org/10.1007/s12160-015-9761-9
https://doi.org/10.3389/fphys.2023.1221898
https://doi.org/10.1186/s13011-025-00648-8
https://doi.org/10.1186/s13643-024-02570-9

	Exercise-based interventions for smoking cessation: A systematic review and meta-analysis
	1. Introduction
	2. Methods
	2.1. Protocol and registration
	2.2. Selection criteria and search strategy
	2.3. Data management and extraction
	2.4. Certainty of evidence
	2.5. Meta-analysis
	2.6. Deviations from the pre-registered protocol

	3. Results
	3.1. Overview of single bout studies
	3.2. Overview of exercise training studies
	3.3. Meta-analyses results
	3.3.1. Abstinence (exercise training studies)
	3.3.2. Number of cigarettes (exercise training studies)
	3.3.3. Cravings (exercise training studies)
	3.3.4. Cravings (single bout studies)

	3.4. Subgroup analyses
	3.4.1. Exercise training studies
	3.4.2. Single bout studies
	3.4.3. Publication bias
	3.4.4. GRADE assessment


	4. Discussion
	4.1. Overview of findings
	4.2. Comparison with previous findings
	4.3. Future research
	4.4. Strengths and limitations

	5. Conclusion
	Acknowledgments
	Authors´ contributions
	Declaration of competing interest
	Data availability
	Supplementary materials
	References



