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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
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1. Introduction

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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USD1.4 trillion per year in direct and indirect costs.1,2

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.3 Harm‑reduction alternatives such as
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electronic cigarettes have proliferated, yet their long‑term
health effects and propensity to sustain nicotine dependence

remain uncertain.4,5 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.6‒8 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.7,9,10 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.11,12 These approaches are supported by strong

evidence and can roughly double to triple quit rates compared

with no support.13,14 However, in real-world settings the abso-

lute number of people who remain smoke-free at 12 months is

still low, often below 20 percent.15,16 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.17

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,18,19 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.20,21 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.22 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.21 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.23 Importantly,

physical activity can be self-directed, does not require a
2
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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,24 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.25 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.26 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.27 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.28

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.
cessation: A systematic review and meta-analysis. J Sport Health Sci 2026;xxx:101138.
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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.29
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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.30 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
3
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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) approach31 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
cessation: A systematic review and meta-analysis. J Sport Health Sci 2026;xxx:101138.
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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%CIs) 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: >0.50.32 Statis-

tical heterogeneity across studies was evaluated using

Cochran’s Q test (with p < 0.10 indicating significant hetero-

geneity) and quantified using the I2 statistic, the values of

which were interpreted as follows: 0�29% (low); 30�49%

(moderate); 50�74% (substantial); and �75% (considerable)

heterogeneity.33 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.34 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.34 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 5935�93 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.
4
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Of the 59 included studies, 1677�92 were single bout studies

(assessing cigarette cravings immediately following a single

bout of exercise) and 4335�76,93 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 = 535 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 20.180 to 42.0 years,77 and sample sizes ranged between

n = 880 and n = 110.78 One study involved all male partici-

pants,80 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 day77‒91 and a period of abstinence before

testing ranging from 284 to 24 h.80

Exercise interventions included aerobic exercise

(n = 11),77�79,83�90 resistance training (n = 2),80,91 yoga

(n = 1),81 isometric drills (n = 1),91 and mixed/moderate

walking protocols combining indoor and outdoor environ-

ments (n = 1).92 Sessions ranged from 591 to 3081 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�79,85�90

Across the 16 single bout exercise studies, 10 were

rated as having an overall low risk of

bias.78,79,81,84�86,88�91 The remaining 6 studies were

judged to have some concerns, primarily due to potential

carryover effects in crossover designs or limitations in

randomization reporting.77,80,82,83,88,92

3.2. Overview of exercise training studies

Intervention durations ranged from 435 to 6036 weeks and

sample sizes ranged between 2037 and 91538 participants.

Mean participant ages ranged from 20.237 to 59.4 years.39 The

majority of studies included both male and female participants,

though a substantial proportion focused exclusively on either

female (e.g., 36,40�48,93) or male participants (e.g., 37,49,50).

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,51�53 anxiety

symptoms,54�56 serious mental illness,57 or comorbid

substance use.35,58 Others focused on underserved populations,

including Alaska Native adults67 and pregnant women.47,59

Across the 43 included exercise training studies, a wide

range of exercise modalities, intensities, durations, and
cessation: A systematic review and meta-analysis. J Sport Health Sci 2026;xxx:101138.



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

inclusion.

ARTICLE IN PRESS

J Sport Health Sci 2026;xxx:101138B. Singh et al.

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560
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.35,36,38,39,41�47,50�56,58�66,68,69,72,75,76,93

Resistance training, either alone or combined with aerobic

components, was used in 4 studies, typically in supervised gym-

basedsettings.37,48,49,73Yoga-basedinterventions, incorporating

postures, breathing exercises, and meditation, were

implemented in 2 studies (n = 2).40,74 Three studies used

lifestyle or behavioral integrated physical activity models

(n = 3),67,70,71 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).57

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.36,38,41,43�47,51,52,60�63,66,67,69 Several studies employed

vigorous-intensity exercise (n = 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,37,42,49,54�56,73 and HIIT was

evaluated in 1 study.62

Across the exercise training studies, 14 were rated as having

a low overall risk of bias.35,36,41,45,51,53,56,59,61,66�69,75 The

majority of studies (n = 31) were rated as having some

concerns, typically due to issues related to missing outcome
5
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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.72
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;

I2 = 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; I2 = 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; I2 = 57.40%; p < 0.01) (Fig. 3).
cessation: A systematic review and meta-analysis. J Sport Health Sci 2026;xxx:101138.



Fig. 2. Meta-analysis of continuous abstinence rates comparing exercise interventions to control conditions (log risk ratio; n = 5512). 95%CI, 95% confidence

interval; REML, restricted maximum likelihood.
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3.3.3. Cravings (exercise training studies)

Pooled analysis of 8 RCTs (n = 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 (I2 = 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; I2 = 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; I2 = 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;

I2 = 10.97%; p = 0.04; 2 RCTs) and 30 min post-exercise
6
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(SMD =�0.52; 95%CI: �1.02 to �0.02; I2 = 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%CI:

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),
cessation: A systematic review and meta-analysis. J Sport Health Sci 2026;xxx:101138.



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.
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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
Fig. 4. Meta-analysis of the effect of exercise on cigarette cravings (standardized m

interval training; REML, restricted maximum likelihood.
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(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 = 0.930). 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).
ean difference; n = 366). 95%CI, 95% confidence interval; HIIT, high-intensity

cessation: A systematic review and meta-analysis. J Sport Health Sci 2026;xxx:101138.
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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.
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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 (b = 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 (b = 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
8
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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.27 For example, Santos et al.24 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.24 (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.22

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.21,94 However,

similar to earlier reviews, exercise did not significantly impact

long-term cravings,21 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-
cessation: A systematic review and meta-analysis. J Sport Health Sci 2026;xxx:101138.
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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).95 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).96 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).97

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.98,99

Common side effects include nausea and insomnia, while less

common but serious adverse effects can include mood altera-

tions, irritability, and suicidal ideation.99�101 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
9
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neurobiological theories that intense exercise enhances craving

suppression through dopaminergic and endorphinergic reward

pathways.27,88 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.102 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
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
cessation: A systematic review and meta-analysis. J Sport Health Sci 2026;xxx:101138.
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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.22 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.
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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
10
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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 aerobic 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.
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