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Purpose: The objective of this study is to conduct a Bayesian multilevel network meta-analysis to compare the effectiveness of
various exercise modalities on anxiety symptoms and to assess how exercise and individual characteristics moderate these effects.
Methods: A comprehensive search of Web of Science, PubMed, Embase, and Cochrane databases identified randomized controlled
trials (RCTs) on exercise and anxiety. Literature screening, data extraction, and analysis were conducted independently by two
researchers. A Bayesian-based network meta-analysis was applied, and the Confidence in Network Meta-Analysis (CINeMA) tool
assessed evidence quality.

Results: Forty-five studies (97 groups, 2643 participants) were included. Compared to control groups, meditation (Hedges’ g=—0.72, 95%
CI: —1.20 to —0.24), yoga (Hedges’ g =—0.59, 95% CI: —0.93 to —0.27), and tai chi/qigong (Hedges’ g =—0.52, 95% CI: —0.88 to —0.17) had
the strongest effects. Resistance training (Hedges’ g = —0.40), aerobic exercise (Hedges’ g = —0.40), and walking/jogging (Hedges’
g =—0.39) were also effective. However, mixed aerobic exercise did not achieve statistical significance.

Conclusion: Static, breath-focused exercises (eg, meditation, yoga, tai chi/qigong) and dynamic exercises (eg, resistance training,
walking/jogging) may be effective interventions for anxiety reduction, with broad applicability across populations.
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Background
Anxiety disorders are among the most common psychiatric conditions globally, with ~14% prevalence.'* They occur more
frequently among women than men.' As a frequent comorbidity with chronic illnesses—including cardiovascular disease,
cancer, and depressive disorders—anxiety substantially worsens clinical trajectories and quality of life.* Epidemiological data
show that anxiety has a high lifetime prevalence among adults, with symptoms that are often persistent and prone to relapse.”
In severe cases, anxiety can lead to comorbidities such as depression and cardiovascular diseases, further compounding
patients’ medical burden and creating a vicious cycle.” For instance, anxiety and heart disease share a bidirectional relation-
ship, and metabolic disorders such as diabetes and obesity are closely associated with anxiety.®’

Conventional treatments of the anxiety disorder normally consist of pharmacotherapy and psychotherapy.®’ Despite the
effectiveness of these methods, some patients fail to respond to treatment or have problems with accessing timely care because of

economic and social factors, especially in low- and middle-income countries where coverage of treatments does not meet the
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expectations.' Also, pharmacotherapy can be associated with unwanted effects and prolonged dependency, and psychotherapies,
such as cognitive-behavioural therapy, even though effective, can only be administered by mental health professionals, which are
usually not available in resource-constrained regions.'' Thus, evidence-based alternative or complementary treatment methods
are urgently required in order to enhance the quality of life and health outcomes of anxiety patients.

In recent years, exercise has gained increasing attention as a low-cost, easily implementable intervention in the field
of anxiety treatment.'” It can be used not only as a supplement to pharmacotherapy and psychotherapy but also as
a standalone alternative.'® A large body of research indicates that exercise can enhance mental health, improve physical
health, boost immunity, and enhance cognitive function.'® For example, studies have shown that regular exercise can
reduce the severity of anxiety symptoms.'* Furthermore, regular physical activity promotes the release of neurotrans-
mitters such as serotonin and dopamine, which help alleviate stress and improve mood.'> Despite these promising
mechanisms, the specific effects of different types, intensities, frequencies, and durations of exercise remain unclear.

Traditional pairwise meta-analyses have limitations in evaluating the overall effect of exercise interventions, as they
generally compare a specific exercise type with a control group, potentially overlooking other exercise types.'® In
addition, existing meta-analyses tend to focus on specific populations (eg, older adults), resulting in conclusions that lack
generalizability and are difficult to apply to broader populations with anxiety.'” Many studies also fail to systematically
consider exercise dosage (eg, frequency, intensity, duration, and type) and its influence on intervention outcomes, limiting
their ability to provide specific guidance on optimal exercise regimens.'® More importantly, many meta-analyses have not
adequately explored how individual characteristics (eg, baseline anxiety levels) modulate the effects of exercise
interventions, potentially leading to significant differences in outcomes across populations and limiting the effectiveness
of personalized interventions.'®

To address these gaps, we extend the current evidence by (1) applying a Bayesian multilevel network meta-analysis to
compare multiple exercise modalities on a common effect-size scale, (2) standardizing exercise dose using MET-min
/week to evaluate dose—response patterns, and (3) assessing potential moderators such as age, sex, and baseline symptom
severity. This study conducted a comprehensive network meta-analysis of the effects of exercise on anxiety disorders,
aiming to identify the optimal type and dosage of exercise. By analyzing various exercise interventions, we seek to
determine the most suitable form of exercise for individuals with anxiety. Furthermore, this study explored the
moderating effects of participant characteristics (eg, gender, age, baseline anxiety level) on the effectiveness of exercise
interventions, thereby revealing differential responses to exercise among different groups. Through this comprehensive
network meta-analysis, we aim to provide more reliable and scientific evidence for the treatment of anxiety disorders,
assisting clinicians in developing personalized and effective exercise intervention plans to improve the quality of life and
overall health of individuals with anxiety.

Methods

The study adhered to the guidelines for systematic review and meta-analysis, as required by international standards. This
study has been registered with the PROSPERO International Prospective Register of Systematic Reviews (https:/www.
crd.york.ac.uk/PROSPEROY/) under the registration number CRD42024580590.

Inclusion and Exclusion Criteria

Inclusion Criteria

We included randomized controlled trials (RCTs) evaluating the effects of exercise interventions on anxiety symptoms.
Eligible participants were individuals meeting clinical diagnostic criteria for anxiety disorders, determined either through
clinician diagnosis or by exceeding established thresholds on validated self-report instruments, such as GAD-7 > 7, BAI
> 8, HADS-A > 8, or SAS > 50.%° Studies were required to include at least one exercise intervention arm, including
mixed aerobic activities, aerobic exercise, resistance training, walking or jogging, meditation, tai chi/qigong, or yoga.
Both single-session and long-term interventions were eligible to permit comparisons of short- versus long-term effects.
Trials were required to report at least one anxiety-related outcome measure. To enhance generalizability, studies
including participants with comorbidities (eg, depression or cancer) were also eligible.
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Exclusion Criteria

Studies were excluded when insufficient quantitative data were available to calculate effect sizes or when anxiety
outcomes were not reported. Non-primary research (eg, reviews, protocols, conference abstracts) and non-exercise
interventions were also excluded to ensure the reliability and accuracy of the overall analysis.

Search Strategy

We searched CENTRAL, PubMed, WOS, and Embase using Cochrane-based strategies with MeSH and free-text terms
(eg, tai chi, aerobic, resistance, mixed exercise, yoga, Tai Chi/Qigong, and meditation). No filters or date limits were
applied. Searches ran from October 10, 2024, to July 16, 2025 (Supporting Information P1).

Literature Screening

Two researchers independently screened and extracted data, achieving 96.58% agreement using Excel. Interventions were
classified (aerobic, resistance, mixed, yoga, tai chi/qigong, meditation; Table). Discrepancies were resolved by a third
researcher, missing data sought from authors, and triangulation ensured accuracy and completeness, enhancing reliability
and rigor.

Data Extraction

In this study, baseline details were collected, including study title, first author, nationality, year, and approval number.
Pre- and post-intervention means (Mean) and standard deviations (SD) were obtained, along with exercise frequency,
intensity, type, and duration. To quantify exercise dose, the Compendium of Physical Activities’' was used to calculate
energy expenditure in metabolic equivalents of task (METs), allowing comparisons across interventions.

Included trials used diverse comparators: established treatments (eg, cognitive-behavioral therapy), active controls
(eg, usual care, stretching, health education), and waitlist controls. Additional descriptive data from randomized
controlled trials (RCTs) included concurrent treatments and control conditions. Participant characteristics—age, gender,
comorbidities, and baseline anxiety severity—were documented to assess differential effects. Funding sources for each
trial were also recorded to evaluate study quality and ensure scientific rigor and reliability.

Risk of Bias Assessment

Two researchers assessed the risk of bias through Cochrane risk-of-bias 2.0 randomised controlled trial (RCT) tool. The
evaluation was based on seven areas, which include random sequence generation, allocation concealment, participant and
staff blinding, outcome assessment blinding, incomplete outcome data, selective reporting, and other possible biases. The
domains were divided into low risk, unclear risk and high risk. The two researchers carried out the evaluations
independently and in case of disagreements, they discussed the matter with the third researcher.?>

Statistical Analysis

A Bayesian random-effects multilevel network meta-analysis was conducted to evaluate the effects of exercise on anxiety,
following the analytical framework described in prior work.*® Standardized mean change (Hedges’ g) was used as the summary
measure, calculated from pre- to post-intervention change scores within each study arm. Hedges’ g incorporates a small-sample
correction, allowing effect sizes from different anxiety scales to be compared on a common metric, where more negative values
indicate greater symptom improvement. Multiple anxiety scales were harmonized by aligning the direction of improvement; for
instance, STAI-S scores were multiplied by —1 to ensure that more negative values indicated greater symptom reduction, and all
scales were standardized to maintain comparability across instruments.>* The model assumed a normal likelihood for observed
effect sizes and incorporated a random intercept for between-study heterogeneity and a nested random effect for multiple
outcomes within the same study. In statistical terms, effect sizes were modeled as

gij~Normal (,u,y] + uj, 02) , ui~Normal (0, 72)»
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where p, represents the absolute mean change associated with treatment t. Weakly informative priors were used for all
parameters (Normal (0,1) for fixed effects and Half-Student-t (3,0,0.5) for heterogeneity). Sampling was implemented in the
brms package in R with four chains, 4000 iterations per chain (1000 warmup), adapt _delta = 0.95, and max_treedepth = 15.
Model convergence was confirmed using R < 1.01 and visual inspection of trace plots and posterior predictive checks.

Active control groups (eg, usual care, stretching, health education) were combined when their effects were compar-
able, whereas waitlist controls were modeled as a distinct comparator because of their consistently poorer outcomes in
anxiety trials. Multi-arm trials were handled using a multivariate parameterization to avoid unit-of-analysis errors and to
preserve the correlation structure across arms. Consistency and transitivity were evaluated using design-by-treatment
tests and node-splitting methods.

Moderator analyses were conducted within the same multilevel framework to examine whether age, sex, baseline
severity, comorbidities, intervention duration, diagnostic characteristics (clinical diagnosis vs self-reported symptoms)
and weekly exercise dose (MET-min/week) influenced treatment effects.”” Dose—response relationships were further
explored using spline-based meta-regression when appropriate. Sensitivity analyses were performed by excluding studies
at high risk of bias, applying alternative prior specifications, and re-estimating models with alternative outcome scaling.
The credibility of the network estimates was assessed using the CINeMA tool across its six domains of certainty.*

For interpretive purposes only—and not for model estimation—we compared posterior effect sizes against
a prespecified minimal clinically important difference (MCID) of |g| = 0.31, representing the threshold generally
considered clinically meaningful for anxiety improvement. Full model code and data-processing scripts are provided
in the Supporting Information to ensure reproducibility.

Credibility Assessment

In order to compare the credibility of each exercise intervention compared to the active control conditions, we applied the
CINeMA tool that was created by the Cochrane Multiple Interventions Group.?” Network meta-analysis grading can be
supported by CINeMA, and a thorough assessment of credibility across many dimensions is possible. First, on bias, we
critically evaluated the quality of each research to limit the effects of bias on the analysis outcome. Reporting bias was
detected using funnel plots to identify potential negative results, reducing the influence of publication bias. For
indirectness, we focused on adults with anxiety disorders; if the study participants were primarily of a particular gender,
had comorbidities, or belonged to specific age groups, indirectness could be an issue. Imprecision was evaluated using
the width of the 95% credible intervals and whether they crossed zero. Separately, we used Hedges’ g = —0.31 as
a threshold for identifying clinically important differences, reflecting the minimum effect size generally considered
meaningful for anxiety reduction. Heterogeneity was evaluated by examining whether prediction intervals crossed the
equivalence region, identifying consistency in intervention effects across studies. Incoherence was assessed by evaluating
the consistency between direct and indirect evidence, ensuring that the network analysis did not violate the transitivity
assumption. These evaluation methods enabled a more comprehensive understanding and assessment of the credibility of

each exercise intervention.

Results

Literature Search Results

A total of 26,477 records were identified through searches in the WOS, PubMed, Embase, and Cochrane databases. After
importing the records into Endnote and removing 6841 duplicates, two reviewers independently screened 19,636 titles
and abstracts. Following the screening process, 19,303 irrelevant records and 32 unobtainable records were excluded.
The remaining 313 records were further screened, and based on the inclusion and exclusion criteria, 47 records were
excluded for not meeting outcome criteria, 88 for being non-randomized controlled trials, 21 for having interventions not
aligned with the study scope, 26 for being conference reviews, 48 for having unavailable data, and 38 for not specifying
anxiety symptoms, resulting in a total of 265 exclusions. Ultimately, 45 studies comprising 97 groups and 2643

participants were included in the analysis (Figure 1 and List of key excluded documents, Supporting information P16).

4 https: Psychology Research and Behavior Management 2026:19


https://www.dovepress.com/article/supplementary_file/570270/570270%20Supplementary%20material.docx
https://www.dovepress.com/article/supplementary_file/570270/570270%20Supplementary%20material.docx

Liu et al

Studies included in previous reviews New records identified from databases

Duplicates removed
before screening

Records screened

Excluded

D 333

Reports sought for retrieval

l Not retrieved

R

Assessed for eligibility

Reports excluded
47 Outcome index discrepancy

88 Non-randomized controlled trial

21 Inconsistent intervention content
26 Conference summary
48 Data unavailable

35 Anxiety symptom scores were not specified

Studies included in review (45 reports)

Figure | Flow of studies through review.
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The 45 included studies encompassed a variety of exercise interventions, including aerobic exercise, resistance
training, yoga, Tai Chi, and mixed exercise. The intervention frequency ranged from once to seven times per week,
with durations spanning from a single week to 24 weeks, allowing for the assessment of both short-term and long-term
effects. Participants were recruited from various countries and regions, including the United States, the United Kingdom,
Australia, China, Germany, and Brazil, ensuring sample diversity and enhancing the cross-cultural generalizability of the
findings. The age range of participants was broad, including adolescents, adults, and older adults, with a relatively
balanced gender distribution. Most studies used standardized scales, such as the Generalized Anxiety Disorder scale
(GAD-7), the Hospital Anxiety and Depression Scale-Anxiety subscale (HADS-A), and the Beck Anxiety Inventory

(BAI), to assess changes in anxiety symptoms. Supporting information P2 provides detailed information and character-
28-66

istics of the included studies.

Network Geometry

The network geometry (Figure 2) showed that most exercise interventions were compared with at least five nodes,
forming a dense structure. The global design-by-treatment test was not significant (x> = 14.783, df = 24, P = 0.927),
supporting transitivity and overall consistency. Network splitting identified inconsistency in only 2 of 45 comparisons
(eg, acrobic vs resistance training). Although participant characteristics differed across groups (eg, yoga more common in

Cognitice behavioral therapy Aerobic exercise

Mindfulness Active control

Mixed aerobic exercises

Resistance exercise Walking / Jogging

Taiji/Qigong Waitlist control

Figure 2 Network diagram.
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females; Supporting Information P3), indirectness was incorporated into credibility ratings. Overall, no significant

violations of transitivity were detected, indicating high model consistency and reliable evidence for comparing exercise

interventions.

Risk of Bias in Included Studies

In this network meta-analysis, we comprehensively assessed risk of bias (Figure 3). Most studies lacked participant and
personnel blinding, yielding unclear or high bias ratings that may have introduced expectancy effects. Sensitivity
analyses showed that, despite variability in bias risk, effect sizes remained stable within credible intervals, supporting
the robustness and reliability of the findings (Supporting information P4 and P5).

Intervention Outcomes
This study systematically evaluated the effects of exercise interventions on anxiety through a network meta-analysis,
providing predicted effects against active controls (Supporting Information P6 and Figure 4). Results showed substantial

variation across exercise types, with meditation, yoga, and tai chi/qigong producing the strongest effects.

Meditation (k = 3, n = 59) yielded Hedges’ g =—0.72 (95% CI: —1.20 to —0.24), yoga (k =9, n =262) g =—-0.59 (95%
CI: —0.93 to —0.27), and tai chi/qigong (k =7, n = 231) g = —0.52 (95% CI: —0.88 to —0.17). All exceeded the minimal
clinically important difference (g = —0.31), highlighting their practical relevance. Among dynamic forms, resistance
training (k = 8, n = 129) showed g = —0.40 (95% CI: —0.78 to —0.03), aerobic training (k = 12, n = 242) g = —0.40 (95%
CI: —0.73 to —0.08), and walking/jogging (k = 8, n = 216) g = —0.39 (95% CI: —0.75 to —0.06). These moderate effects,
while smaller than meditation, yoga, and tai chi/qigong, remained clinically meaningful. In contrast, mixed aerobic
exercise (k = 11, n = 354) produced g = —0.30 (95% CI: —0.63 to 0.01), failing to reach statistical significance.

SUCRA rankings placed intervention efficacy as: meditation > yoga > tai chi/qigong > resistance training > aerobic
exercise > walking/jogging (Figure 4). When compared with cognitive behavioral therapy (CBT), exercise—particularly
static, breathing-focused activities such as yoga, meditation, and tai chi/qigong—demonstrated effects that, in some
aspects, were not inferior, though findings should not replace systematic reviews.

Sequence generation

Allocation concealment

Blinding: participants and personnel

Blinding: outcome assessor

Incomplete outcome data

Selective reporting

Other bias

Overall

0% 25% 50% 75% 100%

. Low risk of bias D Some concerns . High risk of bias

Figure 3 Risk of bias summary plot.
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Figure 4 Predictive effects of exercise vs active control group.

Credibility Assessment

In the credibility assessment of this study, we analyzed the risk of bias of different interventions and its impact on the
study results. Overall, the credibility of the interventions was rated as “low,” primarily due to limitations related to
within-study bias and imprecision. Additionally, the majority of studies lacked direct comparisons with active control
groups, and sample sizes were often fewer than ten, making it difficult to assess reporting bias, which limited the
generalizability of the results. Notably, most studies showed high consistency between direct and indirect evidence,
providing some support for the reliability of the overall findings (Supporting information P7).

Moderating Effects of Participant Characteristics

The study showed that age, gender, and comorbidity significantly moderated the effects of different interventions.
Compared to the model including only exercise modalities (R?>= 0.78), the addition of interaction variables such as
gender (R*= 0.79), age (R*= 0.81), comorbidity (R*= 0.81), reporting (R?>= 0.80), and funding support (R*= 0.79)
increased the explanatory power of the model, indicating that these factors play an important role in moderating the
effects of exercise interventions (Supporting information P8).

Specifically, gender significantly moderated the effects of exercise interventions. The results indicated that meditation
had a more pronounced effect on anxiety reduction in females, whereas aerobic exercise, tai chi or qigong, resistance
training, and yoga showed better effects in males. Furthermore, walking or jogging exhibited similar effects across
genders, providing stable anxiety relief for both males and females (Figure 5). In terms of age, intervention effects also
showed notable differences. Yoga, due to its low intensity and emphasis on breath regulation, was particularly suitable
for older adults, helping reduce anxiety while also promoting physical and mental balance. Among younger individuals,
resistance training and meditation showed more pronounced effects, suggesting adaptive differences in exercise inter-
vention preferences between age groups (Figure 5).
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Figure 5 Effects of interventions versus active control on anxiety disorders (lower is better) by sex and age. Shading represents 95% credible intervals.

In addition, comorbidity significantly influenced the effects of exercise interventions. Due to the wide confidence intervals
and high variability in the effect of meditation, it was excluded from the comorbidity moderation analysis to provide a more
accurate evaluation of other groups. The findings showed that exercise interventions were more effective for patients without
comorbidities (g =-0.437, 95% CI=—0.871 to —0.017) compared to those with comorbidities (g =—0.22, 95% CI=-0.637 to
0.189). However, the effects of different exercise types varied in relation to whether comorbidities were reported (Supporting
information P9). In groups without reported comorbidities, aerobic exercise, resistance training, and walking/jogging showed
more substantial effects, with higher negative effect sizes, suggesting that these forms of exercise may be particularly effective
in alleviating anxiety disorders in the absence of comorbidities. Furthermore, although the overall intervention effects for
participants with comorbidities were lower, some forms of exercise, such as yoga and tai chi/qigong, still showed potential
benefits, indicating that these interventions may be suitable for a broader population.

However, some uncertainty remained in the study results, particularly in certain subgroups (eg, yoga interventions
among male participants), where relatively small sample sizes may have affected the accuracy of effect estimates for
specific sub-populations. This statistical uncertainty, due to insufficient sample sizes, was more pronounced in smaller or
specific subgroups, potentially impacting the reliability of these intervention effects.

Moderating Effects of Intervention and Design Characteristics

In this study, we examined moderating effects of intervention and design characteristics on anxiety reduction through
network meta-analysis. Smaller exercise doses were effective (g = —0.673, 95% CI: —1.09 to —0.215), with modest
increases at moderate levels (eg, 300 METs/week, g =—0.77, 95% CI: —1.06 to —0.499). Within the WHO-recommended
range (600-1000 MET-min/week), exercise interventions showed stronger effects than active controls (g = —0.839, 95%
CI: —1.143 to —0.568). However, higher doses produced no substantial additional benefits and even decreased effects
(eg, 1500 METs/week, g = —0.817, 95% CI. —1.423 to —0.133) (Figure 6). Exercise intensity demonstrated a dose—
response relationship, but effects remained below the threshold of clinical importance, with only slight gains at higher
intensities (Supporting Information P10).
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Intervention duration was also influential: longer programs (12 weeks, g = —0.60, 95% CI: —0.70 to —0.11) were
superior to shorter ones (3 weeks, g = —0.30, 95% CI: —0.76 to —0.03), indicating cumulative benefits with sustained
engagement (Supporting Information P11). Funded trials (g = —0.455, 95% CI. —0.792 to —0.111) showed stronger effects
than unfunded trials (g = —0.272, 95% CI: —0.777 to 0.253) (Supporting Information P12). Measurement methods
mattered, as self-reported outcomes (g = —0.593, 95% CI: —1.055 to —0.15) exceeded clinician-reported outcomes
(g =-0.181, 95% CI: —0.556 to 0.201) (Supporting Information P13).

Although anxiety severity (R* = 0.63) and intervention type (R = 0.57) explained limited variance, moderation

analyses revealed that interventions were more effective for mild anxiety (g = —0.774, 95% CI: —1.313 to —0.221) than
for moderate (g = —0.103, 95% CI: —0.666 to 0.447) or severe cases (g = —0.119, 95% CI: —0.721 to 0.419). Individual
exercise (g =—0.904, 95% CI: —1.453 to —0.456) outperformed group exercise (g = —0.717, 95% CI: —1.062 to —0.284),
though group-based practices such as yoga, tai chi, qigong, and meditation achieved notable effects in specific contexts
(Supporting Information P14).

Sensitivity Analysis

Supporting information P15 presents funnel plots for all exercise interventions compared with active control conditions.

Overall, the funnel plots show a certain degree of asymmetry, suggesting potential publication bias. However, the pooled
effect remained statistically significant after excluding high-risk studies. This indicates that, although publication bias
may have some impact on the results, the overall robustness of the conclusions is maintained.

Discussion

Summary of Evidence

This study conducted a systematic review and network meta-analysis of randomized controlled trials to evaluate exercise
interventions for anxiety disorders. Overall, exercise showed significant effects, with yoga, tai chi, and walking/jogging
demonstrating the strongest outcomes. Meditative exercises (yoga, tai chi/qigong) produced the largest effects, while
dynamic forms such as aerobic exercise and resistance training were effective in mild-to-moderate anxiety. Mixed
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aerobic exercise was not statistically significant except in isolated cases. Walking/jogging showed consistent effects
across sexes, whereas meditation was more effective in females, and tai chi, qigong, and yoga in males. Older adults
responded best to yoga, while younger individuals benefited more from aerobic exercise and meditation. Across varying
doses and intensities, exercise remained beneficial, with the most favorable effects within the WHO-recommended range
of 600-1000 MET-minutes/week. Benefits were consistent regardless of intensity, comorbidities, or baseline severity,
supporting exercise as a broadly applicable and evidence-based intervention for individualized anxiety management.
The findings of this study are consistent with numerous previous studies, further substantiating the effectiveness of
exercise interventions in alleviating anxiety symptoms. Several prior studies have demonstrated that static interventions,
such as yoga, tai chi, and meditation, show significant efficacy in reducing anxiety.'®®"%" G Kirkwood reported that
yoga help significantly reduce anxiety levels by promoting mental relaxation and emotional regulation, which aligns
closely with the conclusions drawn from the current network meta-analysis. This provides additional support for the
applicability of meditation, yoga, and tai chi as effective interventions for anxiety disorders.”’ Furthermore, for adults
diagnosed with anxiety or experiencing significant anxiety symptoms, high-intensity physical activity has been shown to
be significantly more effective than low-intensity activity in alleviating anxiety, consistent with Aylett, who highlighted
the substantial improvement associated with high-intensity exercise.”' Thus, this study not only validates previous
research findings but also offers a comprehensive comparison and ranking of various exercise interventions, reinforcing

the pivotal role of exercise in anxiety management.

Potential Mechanisms Underlying the Observed Associations

While the findings demonstrated significant effects of various forms of exercise in reducing anxiety disorders, the
underlying causal mechanisms remain insufficiently established. As the present systematic review and network meta-
analysis cannot establish causal relationships, the following discussion is limited to potential mechanisms suggested by
previous experimental and theoretical literature. As previous research has suggested, the impact of exercise on mental
health is often mediated through multiple physiological and psychological pathways, which may intertwine to create
a complex intervention effect.”

The alleviation of anxiety disorders through exercise may result from a combination of factors, including social
support, enhanced self-efficacy, immersion in natural environments, regulation of neurobiological mechanisms, and
increased levels of brain-derived neurotrophic factor (BDNF).”*”7> Each of these factors is closely linked to anxiety
reduction, but a single exercise modality may not encompass all of these mechanisms. Therefore, different types of
exercise may improve mental health through distinct pathways, with the interaction of multiple mechanisms potentially
yielding greater overall effects.

Different forms of exercise alleviate anxiety through various mechanisms, each with its unique attributes. Meditative
exercises (eg, yoga, tai chi) help create a relaxed mental state, enhancing self-efficacy, guiding participants to focus on the
present moment, promoting mental relaxation, and improving stress-coping abilities.”® Resistance training, on the other hand,
fosters confidence and self-efficacy through overcoming physical challenges, thereby increasing an individual’s confidence in
coping with life’s stressors.”” Aerobic exercises (eg, running, swimming) primarily enhance cardiorespiratory fitness through
physiological mechanisms and promote the secretion of endorphins and dopamine, resulting in a sense of exhilaration and
alleviating emotional stress.”® Additionally, aerobic exercise may increase BDNF levels, promote neuronal growth, and
enhance neuroplasticity, which can have positive effects on anxiety and other mood disorders.”

The effect of mixed aerobic exercise was relatively limited and did not reach statistical significance. One possible
reason for this is that mixed aerobic exercise includes a variety of activities, and participants may find certain types
unappealing or unsuitable, resulting in reduced adherence. Lower adherence can lead to insufficient exercise frequency
and intensity, thereby affecting the efficacy of the intervention. Although mixed aerobic exercise may offer some benefits
for anxiety in individual cases, it did not demonstrate statistically significant improvements overall.

Overall, meditative exercises and resistance training tend to exert their effects through psychological mechanisms,
making them suitable for individuals seeking internal relaxation.*® Conversely, more vigorous exercises activate

neurotransmitters and increase BDNF levels, providing rapid emotional relief, which may be preferable for those seeking
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immediate mood improvement.®' Based on these physiological and psychological mechanisms, different forms of
exercise have distinct applicability for alleviating anxiety.

Therefore, future research should aim to explore “why” exercise is effective for reducing anxiety, rather than merely
determining “if” it is effective. Understanding the specific mechanisms underlying the effects of different types of
exercise on anxiety could help tailor individualized exercise prescriptions for individuals with anxiety, thereby more
effectively alleviating symptoms and improving quality of life.

Strengths, Limitations and Future Directions

This study conducted a network meta-analysis to evaluate the efficacy of exercise interventions for anxiety disorders. Findings
suggest that meditative forms of exercise (eg, yoga, meditation) show stronger anxiolytic effects, though evidence remains
limited by small samples and restricted populations. Methodological challenges such as the difficulty of blinding in exercise trials
may have introduced expectancy effects, and although publication bias was addressed, effect sizes may still be over- or
underestimated. Also, The included studies encompassed heterogeneous populations, ranging from clinically diagnosed anxiety
disorders to self-reported anxiety symptoms, which may influence responsiveness to exercise interventions. Future research
should integrate unpublished data to enhance objectivity and employ individual patient data meta-analyses to clarify moderating
factors such as age and gender, thereby enabling more personalized interventions. In addition, combining exercise-focused
analyses with evidence from psychotherapeutic or pharmacological treatments would provide a more comprehensive picture of
comparative effectiveness.

Conclusion

This network meta-analysis provides robust evidence that exercise interventions, across both meditative (eg, yoga, tai
chi) and dynamic modalities (eg, aerobic and resistance training), demonstrated potentially beneficial effects on anxiety
symptoms, particularly when practiced regularly and in moderation. Although the overall benefits were consistent,
confidence in the effects of specific modalities remained low, underscoring the need for large-scale, high-quality trials to
strengthen both internal and external validity.

Importantly, moderating effects of gender and age suggest that individualized prescriptions may optimize outcomes.
Yoga appeared particularly beneficial for older men, while resistance training and aerobic exercise were more effective in
younger women. Walking and jogging showed stable benefits across all groups, offering a flexible and safe option for
self-management.

In conclusion, exercise should be incorporated as a core treatment strategy for anxiety. Beyond serving as an
alternative to pharmacotherapy and psychotherapy, it can function as an adjunctive therapy to enhance treatment efficacy.
Clinically, individualized exercise prescriptions not only alleviate anxiety but also improve overall health, reduce long-
term risks, and substantially enhance quality of life.
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