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A B S T R A C T

Objective: This review aims to explore the efficacy of exercise in the treatment of anxiety disorders and its un-
derlying mechanisms, summarizing recent research advances and focusing on the potential biological and psy-
chological pathways through which exercise exerts its anxiolytic effects.
Methods: To ensure comprehensive coverage of relevant studies, we conducted a systematic search in databases
such as PubMed, Web of Science, and Embase, combining MeSH terms with free-text terms. Keywords included
“exercise,” “physical activity,” and “anxiety disorder.”
Results and conclusions: Current research widely supports exercise as a safe and effective intervention for anxiety.
Both aerobic exercise and resistance training have shown significant anxiety-reducing effects across various
populations. The mechanisms of action can be categorized into three main types: cellular and molecular
mechanisms, systemic immune effects, and behavioral and cognitive pathways. Different forms of exercise have
distinct advantages: aerobic exercise is suitable for the general population, resistance training is beneficial for
individuals with coexisting physical conditions, and low-intensity exercises such as yoga and Tai Chi are suitable
for pregnant women, the elderly, or postoperative recovery patients. Given its good safety profile and broad
applicability, moderate exercise should be considered a first-line treatment for mild anxiety and an adjunctive
intervention for moderate to severe anxiety. Future research should further clarify the mechanistic differences
between various exercise modalities and promote the development of individualized exercise prescriptions.

1. Introduction

Anxiety disorders are typically characterized by persistent feelings of
anxietyor fear, irritability, difficulty concentrating, and sleepdisturbances.
As the most prevalent mental health condition, the World Health Organi-
zation reported anxiety disorder affected approximately 301 million peo-
ple globally in 2019, however, only 27.6% of individuals with anxiety

disorder receive treatment,1 and some patients remain undertreated due to
insufficient empirical support for certain treatments, resistance to psy-
chotherapy and psychotropic medications, and adverse medication side
effects,2 resulting in varying levels of impairment. Among U.S. adults with
anxiety disorders, an estimated 22.8% experience severe impairment,
33.7% moderate impairment, and the majority have a mild impairment
(43.5%) according to a survey done by Havard Medical College.3

The treatment of anxiety disorders includes pharmacological therapy,
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psychological interventions, and exercise-based approaches. Currently
used anti-anxiety medications are often associated with varying degrees
of side effects, including the risk of dependence, increased risk of de-
mentia, higher suicide risk, as well as gastrointestinal disturbances,
headaches, and drowsiness.4–7 As a result, growing attention has been
directed toward non-pharmacological interventions. Among these, exer-
cise has emerged as a promising and effective rehabilitation strategy for
anxiety disorders due to its safety profile and broad health benefits.

A growing body of evidence highlights the therapeutic benefits of ex-
ercise in anxiety recovery. Exercise can improve mood regulation and
alleviate anxiety symptoms through multiple mechanisms, such as
modulating neurotransmitters, enhancing neural plasticity, improving
immune function, and promoting psychological adaptation. A randomized
controlled trial (RCT) showed that a 12-week exercise intervention
significantly reduced anxiety levels in patients with chronic anxiety, with
an odds ratio (OR) of 4.88 (95% CI: 1.66–14.39).8 Compared to pharma-
cological treatments, exercise interventions offer excellent safety,
compliance, and applicability, and have been shown to produce positive
anti-anxiety effects in various populations.9–12 Furthermore, exercise can
enhance cardiovascular function, improve quality of life, and help reduce
anxiety and accelerate recovery in postoperative patients.13–15 Various
forms of exercise, including aerobic exercise, resistance training, yoga, and
Tai Chi, have all been shown to have varying degrees of anti-anxiety ef-
fects.16,17 In summary, exercise, as amultidimensional and low-side-effect
non-pharmacological intervention, holds great potential for application in
anxiety disorder treatment. However, significant differences exist between
populations in terms of physiological conditions, psychological stressors,
and exercise tolerance, which can influence their response to exercise in-
terventions. Therefore, conducting tailored exercise intervention studies
for different populations is crucial for enhancing anti-anxiety efficacy and
clinical feasibility.

The World Health Organization (WHO) Guidelines recommend that
all adults engage in at least 150–300 minutes (min) of moderate to
vigorous physical activity per week for health benefits.18 This review
aims to explore recent advancements in the mechanisms by which ex-
ercise mitigates anxiety, summarize recent research trends and accom-
plishments, identify existing gaps, outline future research directions,
and offer practical exercise recommendations for the prevention and
treatment of anxiety disorders.

2. Method

To ensure comprehensive coverage of relevant research, we com-
bined MeSH terms with free-text terms and conducted a search in da-
tabases such as PubMed, Web of Science, and Embase, using keywords
such as “exercise,” “physical activity,” and “anxiety disorder.” Inclusion
criteria were: experimental or review studies focusing on exercise in-
terventions and their effects on anxiety. Exclusion criteria were: studies
for which abstracts or full texts were unavailable, interventions

unrelated to exercise, or studies with unclear subject populations. A total
of approximately 70 studies meeting these criteria were included to
support the content and discussion of this review.

3. Results

3.1. Evidence for exercise as an anxiolytic

3.1.1. Dose-response relationship between exercise and anxiety
Research indicates a significant link between sedentary behavior and

increased mental illness, such as anxiety, along with decreased psycho-
logicalwell-being, including satisfactionwith life andhappiness.19 Several
studies have established a notable dose-response relationship between
exercise and anxiety reduction. As exercise intensity increases, the degree
of anxiety relief also tends to increase progressively. Regular moderate-to
high-intensity exercise has demonstrated more substantial improvements
in mood compared to low-intensity exercise,20 with supervised and
consistent exercise programs proving particularly effective in anxiety
management. Notably, more significant mood improvements were
observed with exercise sessions exceeding 3 times per week, lasting 20–60
min each.21,22 Together, these findings suggest that gradually increasing
exercise duration and intensity, according to individual tolerance levels,
can be beneficial for both preventing and recovering from anxiety.

While exercise is generally recognized as effective for alleviating
anxiety, individual responses to exercise interventions can vary, influ-
enced by factors such as age, health status, and exercise baseline. For
example, elderly individuals, whose physical condition may not tolerate
high-intensity exercise, may benefit more from gentler activities, such as
walking or Tai Chi. One study found that engaging in moderate-intensity
activities, such as brisk walking for 10 min per day, 5 days a week, can
reduce the risk of generalized anxiety disorder in older adults.23 In ad-
olescents, moderate-intensity aerobic exercise has been shown to
improve emotional stability.24

Additionally, exercise is beneficial for certain special populations
who may not be suitable for medication use. For instance, pregnant
women can effectively alleviate pregnancy-related anxiety and reduce
complications through low-to-moderate intensity exercise, improving
labor expectations.7,25 For lung cancer patients, moderate exercise can
also improve anxiety and depression levels during treatment.26

Therefore, when designing exercise intervention programs, it is
essential to consider individual differences and tailor strategies to ach-
ieve optimal anti-anxiety effects.

3.1.2. Comparison of the effects of different exercise modes on anxiety
The comparison of various exercise modes and their effects on anx-

iety has been a topic of interest. Studies have shown that both aerobic
and resistance training offer therapeutic benefits for anxiety, with aer-
obic exercise showing greater efficacy for general anxiety, while resis-
tance training appears more effective for anxiety related to specific
medical conditions.17,27,28 Individuals engaged in both aerobic and
resistance training reported lower levels of anxiety and higher cognitive
functioning compared to those who exclusively performed either aero-
bic or resistance training.29 In addition, activities such as yoga, Tai Chi,
and meditation have also been found to be beneficial for anxiety treat-
ment.30,31 For individuals who are physically unable to engage in aer-
obic or resistance exercises (such as postoperative or cancer patients),
these activities can serve as supplementary forms of exercise to enhance
the effectiveness of anxiety treatment. See Figure 1.

3.2. Mechanisms of exercise anti-anxiety

Exercise can regulate neural function, synaptic plasticity, and
emotional states through various cellular and molecular mechanisms,
thereby exerting anti-anxiety effects. Among these, m6A modification,
the mTOR pathway, brain-derived neurotrophic factor (BDNF), lactate
metabolism, and changes in neurotransmitters are considered key

Abbreviations

m6A N6-methyladenosine
mPFC medial prefrontal cortex
BDNF brain-derived neurotrophic factor
SIRT1 silent information regulator 1
IGF-1 insulin-like growth factor 1
DLPFC dorsolateral prefrontal cortex
WHO The World Health Organization
PrL prefrontal cortex
FMRP Fragile X mental retardation protein
NE norepinephrine
HPA hypothalamic-pituitary-adrenal
RCT randomized controlled trial
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biological pathways. These mechanisms primarily involve the regula-
tion of intracellular signaling and gene expression in neurons, playing a
central role in the onset and alleviation of anxiety.

3.2.1. Cellular and molecular mechanisms

3.2.1.1. The medial prefrontal Cortex (mPFC). Chronic stress can induce
anxiety, and one of its key mechanisms involves methylation regulation
in the brain. Studies have shown that chronic stress leads to a decrease in
RNA N6-methyladenosine (m6A) levels in the medial prefrontal cortex
(mPFC), which is associated with the upregulation of the demethylase
Alkbh5 expression. This, in turn, triggers metabolic disorders and
functional impairments, contributing to the onset and development of
anxiety.32 Additionally, it has been found that the activity of the mTOR
signaling pathway in the brain significantly decreases under anxiety
conditions, which is closely related to impaired synaptic plasticity and
emotional regulation dysfunction.33

Exercise can reverse these changes throughmultiple mechanisms. On
the one hand, it enhances the liver's synthesis of methyl donors, inhib-
iting the expression of ALKBH5 in the prefrontal cortex, thereby pro-
moting the recovery of m6A levels.34 On the other hand, m6A can inhibit
the expression of Fragile X mental retardation protein (FMRP) in the
brain, relieving its suppression on the mTOR pathway, ultimately pro-
moting neural network remodeling, synaptic transmission, and myeli-
nation, which helps alleviate anxiety-like behaviors.33,35

Moreover, exercise can directly activate the mTOR pathway through
other pathways. Studies have found that exercise-induced BDNF secre-
tion can upregulate mTOR downstream signaling, thereby promoting
cognitive and emotional regulation.36 Therefore, m6A modification and
the mTOR signaling pathwaymay together form an important molecular
mechanism network through which exercise improves anxiety.

3.2.1.2. Neuroplasticity. Neuroplasticity refers to the central nervous
system's ability to adapt to internal and external stimuli.37 Exercise can
positively impact the nervous system in severalways, enhancingmoodand
reducing anxiety levels. The hippocampus, critical for mood regulation,
benefits significantly from improved neural function, aiding in anxiety
control.

Studies have shown that lactate produced during exercise can cross
the blood-brain barrier via monocarboxylate transporters (MCTs),
accumulating in the brain, with this process significantly enhanced
during exercise.38,39 Research by Van Hall and colleagues further
confirmed that lactate becomes an important energy source for the brain
during exercise, supporting the maintenance of brain tissue function.40

Notably, lactate crossing the blood-brain barrier has been shown to
activate silent information regulator 1 (SIRT1) in the hippocampus,41

initiating the PGC-1α/FNDC5 pathway, which promotes the expression
of BDNF, thereby improving hippocampal structure and function.41–44

In addition, exercise can induce the secretion of the myokine
cathepsin B from skeletal muscles. This molecule can also enter the
hippocampus and activate the aforementioned BDNF signaling
pathway.42 Exercise also promotes the expression of RGS6 in neural
cells, reducing the sensitivity of GABAB receptors in neurons, which
positively impacts emotional regulation and cognitive function.45 The
increase in irisin concentration induced by exercise can also promote
synapse formation and neuroplasticity.46–49 These mechanisms work
together to alleviate anxiety symptoms.

However, there are still some discrepancies regarding the effects of
different exercise modalities on BDNF expression. Some studies suggest
that short-term aerobic exercise is more likely to induce an increase in
BDNF, while in individuals who engage in long-term regular exercise,
serum BDNF levels tend to decrease compared to sedentary individuals.
50,51 This phenomenon may reflect the complex dynamic relationship
between central and peripheral BDNF distribution. In contrast, the ef-
fects of resistance training vary widely across different studies,

potentially influenced by factors such as exercise intensity, duration,
and individual characteristics.52,53 While preliminary evidence suggests
some heterogeneity in BDNF responses, there is a lack of systematic
subgroup comparisons or meta-analyses to quantify these differences.
This highlights the need for further research to explore the effects of
various exercise parameters on neuroplasticity markers.

Additionally, some studies have shown that exercise can upregulate
insulin-like growth factor-1 (IGF-1) in hippocampal cells, thereby pro-
moting the expression of synapsin-1 and synaptophysin, which may also
be an important mechanism underlying its anti-anxiety effects.54

3.2.1.3. The change of neurotransmitters. Research indicates that the levels
of neurotransmitters in the brain change after exercise, leading to physio-
logical alterations. Long-term exercise reduces the number of 5-HT re-
ceptors in brain neurons and decreases receptor sensitivity, thereby
alleviating anxiety-like symptoms. The mechanism may involve increased
5-HT concentrations post-exercise, where repeated stimulation of 5-HT
receptors through prolonged exercise results in receptor desensitization
and downregulation.2,55 Additionally, elevated 5-HT levels can activate
5-HT1A receptors, exerting inhibitory effects that reduce neuronal excit-
ability.56 During exercise, increased blood lactate levels can cross the
blood-brain barrier and enter brain tissue, leading to elevated GABA con-
centrations in the dorsolateral prefrontal cortex (DLPFC). As an inhibitory
neurotransmitter, GABA decreases neuronal excitability, thereby reducing
anxiety.57–59 Furthermore, exercise-mediated elevation of norepinephrine
(NE) levels can activate the GPCR-MAPK-PI-3K pathway, promoting the
release of more BDNF by neurons and improving neuronal function.60

3.2.2. Systemic immune effects
Anxiety is often accompanied by immune system dysregulation and

dysfunction of the hypothalamic-pituitary-adrenal (HPA) axis. Exercise
interventions can alleviate inflammatory states and stress responses at
the systemic level by influencing the expression of immune factors,
modulating microglial activity, and regulating HPA axis-related proteins
such as FKBP5 and Crabp1. These mechanisms highlight the systemic
regulatory effects of exercise on the immune network.

Anxiety has detrimental effects on the immune system, as chronic
stress activates the immune system and disrupts the hypothalamic-
pituitary-adrenal (HPA) axis, leading to an imbalance between pro-
and anti-inflammatory responses.61 This disruption is characterized by
increased microglia activation within the brain, elevated levels of
pro-inflammatory cytokines (e.g., IL-6, TNF-α), and altered expression of
synaptophysin, impacting normal neuronal function through a patho-
logical process similar to that of autoimmune diseases.62

10.1016/j.eqrea.2025.100392Research has identified high expres-
sion of Crabp1 in the hypothalamus and pituitary, with FKBP5—a key
regulatory protein in the HPA axis—potentially being a target of
Crabp1.63 Studies have shown that individuals who engage in regular
exercise exhibit significantly reduced levels of FKBP5 compared to
sedentary individuals, suggesting an influence on HPA axis function.64

Based on this, we hypothesize that exercise may promote methylation of
the Crabp1 gene promoter, leading to decreased Crabp1 expression,
which in turn reduces FKBP5 expression and cortisol secretion, thereby
alleviating anxiety-like symptoms. However, there is currently a lack of
direct evidence supporting the hypothesis that “exercise induces Crabp1
methylation,” and future research is needed to verify this through sys-
tematic epigenetic studies at the population level.

Besides, studies have also shown that after prolonged exercise,
cortisol peaks more rapidly and its concentration returns to baseline
more quickly, indicating improved stress resilience.65 Concurrently,
exercise leads to a decrease in hippocampal microglia, an increase in
anti-inflammatory cytokines (e.g., IL-10, TNF-β), and a reduction in
peripheral neutrophils,66–68 collectively contributing to the attenuation
of low-grade chronic inflammation both centrally and peripherally and
protecting nervous system function.

Z. Fang et al. Sports Medicine and Health Science 8 (2026) 145–152

147



3.2.3. Behavioral and cognitive pathways
In addition to its direct effects on the nervous and immune systems,

exercise also alleviates anxiety through psychological and behavioral
mechanisms. For example, the bodily sensations induced by exercise can
serve as a form of interoceptive exposure, helping individuals build
tolerance to anxiety-related physiological responses and enhancing
psychological resilience. Moreover, exercise can divert attention,
interrupt anxiety-driven avoidance behaviors, and exert positive effects
on cognition and emotion. These pathways form a critical psychological
basis for the anxiolytic effects of exercise.

Anxiety sensitivity refers to an individual's heightened perception of
anxiety-related sensations, encompassing alertness to stimuli that may
induce anxiety, concern about potential anxiety experiences, and the
motivation to avoid anxiety-provoking situations.69 This concept can be
further categorized into three dimensions: fear of physical, cognitive,
and social aspects.70

Studies have demonstrated that brief bouts of aerobic exercise
effectively reduce anxiety sensitivity.71 Exercise elicits physiological
responses—such as increased heart rate, cardiac output, sweating, and
respiratory rate—similar to those experienced during anxiety episodes,
offering a form of interoceptive exposure. Research suggests that
repeated exposure to fearful stimuli in the absence of negative outcomes
can diminish fear responses. Similarly, exercise helps individuals
recognize that these sensations are normal physiological responses and
that enduring discomfort during exercise can build tolerance, promoting
exercise adherence in the long term.72–74 Moreover, contrary to avoid-
ance behaviors associated with anxiety, exercising necessitates toler-
ating uncomfortable physical sensations, which can enhance
psychological resilience. Additionally, exercise serves as a distraction
from daily worries, leading to transient reductions in anxiety immedi-
ately post-exercise.2 See Figure 2.

4. Discussion

This paper examines the mechanisms and effects of exercise as a
treatment for anxiety and provides a summary of recent research advances
and key findings. A growing body of research indicates that regular exer-
cise—particularly moderate-intensity aerobic activity—has a beneficial
effect on alleviating anxiety, demonstrating a potential dose–response
relationship. Different types of exercise offer distinct advantages in anxiety
intervention: aerobic exercise is suitable for individuals with generalized
anxiety; resistance training may be more targeted for patients with co-
morbid physical illnesses; and mind–body exercises such as yoga and tai
chi provide feasible options for those with physical limitations. These in-
terventions not only improve emotional symptoms but have also attracted
widespread attention due to their safety and scalability.

Although increasing research shows that regular exercise helps alle-
viate anxiety, there is significant variability in individual responses to
exercise interventions, especially in terms of exercise intensity. Some
studies suggest that moderate to high-intensity exercise is generally
beneficial for anxiety, but there is also evidence indicating that excessive
high-intensity exercise may trigger or exacerbate anxiety symptoms in
certain populations.75–77 Therefore, it is currently difficult to establish a
universal dosage recommendation. At present, we recommend tailoring
exercise plans based on an individual's physical condition, past exercise
experience, and psychological responses. In general, moderate-intensity
aerobic exercises (such as brisk walking, jogging, cycling, etc.) for at
least 150min per week are considered a safe and effective option for most
anxiety patients. For frail populations (such as those in the postoperative
recovery period, pregnant women, and elderly individuals), low-intensity
exercises like Tai Chi or yoga may be substituted.9,78 After implementing
exercise interventions, it is important to assess the body's response to
exercise and adjust the exercise plan accordingly to maximize therapeutic
effects while minimizing side effects. Future research requires more
randomized controlled trials and meta-analyses to identify the most
effective exercise intensity and type for improving anxiety.

At the mechanistic level, exercise promotes neuroplasticity, improves
the function of key brain regions such as the prefrontal cortex and hip-
pocampus, and thereby regulates emotional states. The mTOR signaling
pathway is one of the core pathways mediating this process, although
further research is needed to clarify how it regulates the function of mPFC
neural circuits. At the same time, BDNF is a key factor in exercise-induced
neuroplasticity, and its signaling mechanisms (such as the involvement of
second messengers) and optimal induction methods remain unclear. Im-
mune regulation is also an important mechanism underlying exercise's
anti-anxiety effects. Exercise can lower cortisol levels by modulating the
Crabp1/FKBP5 axis, alleviating the stress response, with related mecha-
nisms such as promoter methylation changes warranting attention. In
addition, exercise reduces microglial activation and downregulates pe-
ripheral neutrophils, improving both central and peripheral inflammation,
thus supporting neural system homeostasis.

Future research should prioritize epigenomics, particularly changes
in m6A methylation, to further explore the molecular mechanisms
through which exercise impacts anxiety. Existing studies have demon-
strated that RNA modifications, such as m6A, play crucial roles in
neuroplasticity and emotional regulation. Exercise can influence the
mTOR pathway by modulating m6A-related enzymes (such as ALKBH5),
thereby exerting anti-anxiety effects. Therefore, integrating m6A
sequencing, chromatin accessibility analysis, and other epigenomic
technologies can systematically explore how exercise affects transcrip-
tional regulatory networks in key brain regions (such as the mPFC and
hippocampus), providing new insights into the role of exercise in neural
circuits and emotional regulation.

Further research should also focus on biomarkers that can guide
personalized exercise prescriptions. For example, BDNF levels can
reflect neuroplasticity responses, cortisol rhythms indicate stress states,
lactate can mediate VEGF expression and BDNF activation through
HCAR1, and IGF-1 has been confirmed to play an important role in
neurogenesis and synaptic plasticity. These biomarkers can help more
precisely evaluate exercise effects and intervention responses. Addi-
tionally, the role of epigenetic mechanisms in neural regulation and
emotional management is gradually emerging, and future studies could
use m6A sequencing and other omics technologies to explore the mo-
lecular basis of exercise's regulation of anxiety.

In conclusion, exercise is a safe, effective, and widely applicable
intervention for anxiety. Future research should integrate physiological
mechanisms, biomarkers, and differences in behavioral responses, con-
ducting high-quality randomized controlled trials and multi-center
longitudinal follow-ups, to advance exercise interventions towards a
more personalized and precise approach. See Figure 3.
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Appendices.

Fig. 1. Dose-response relationship between exercise and anxiety; the effects of different exercise patterns.

Fig. 2. Mechanisms of exercise anti-anxiety m6A: N6-methyladenosine; mTOR: mammalian target of rapamycin; BDNF:brain-derived neurotrophic factor; mPFC:
medial prefrontal cortex; GABA: γ-Aminobutyric Acid; BDNF: brain-derived neurotrophic factor
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Fig. 3. Possible future research directions

References

1. World Health Organization. Anxiety disorders. Published online. 2023. https://
www.who.int/news-room/fact-sheets/detail/anxiety-disorders.

2. DeBoer LB, Powers MB, Utschig AC, Otto MW, Smits JAJ. Exploring exercise as an
avenue for the treatment of anxiety disorders. Expert Rev Neurother. 2012;12(8):
1011–1022. https://doi.org/10.1586/ern.12.73.

3. National Institute of Mental Health. Any anxiety disorder. Published online. 2024.
https://www.nimh.nih.gov/health/statistics/any-anxiety-disorder.

4. Brieler JA, Salas J, Amick ME, et al. Anxiety disorders, benzodiazepine prescription,
and incident dementia. J Am Geriatr Soc. 2023;71(11):3376–3389. https://doi.org/
10.1111/jgs.18515.

5. Thibaut F. Anxiety disorders: a review of current literature. Dialogues Clin Neurosci.
2017;19(2):87–88. https://doi.org/10.31887/DCNS.2017.19.2/fthibaut.

6. Oddoux S, Violette P, Cornet J, et al. Effect of a dietary supplement combining
bioactive peptides and magnesium on adjustment disorder with anxiety: a clinical
trial in general practice. Nutrients. 2022;14(12):2425. https://doi.org/10.3390/
nu14122425.

7. Lu Q, Yan SJ, Chen HJ, et al. The relationship between physical activity in early
pregnancy and hypertensive disorders of pregnancy: a cohort study in Chinese
women. World J Emerg Med. 2023;14(3):204–208. https://doi.org/10.5847/wjem.
j.1920-8642.2023.047.

8. Motiani KK, Collado MC, Eskelinen JJ, et al. Exercise training modulates gut
microbiota profile and improves endotoxemia. Med Sci Sports Exerc. 2020;52(1):
94–104. https://doi.org/10.1249/MSS.0000000000002112.

9. Goodarzi S, Teymouri Athar MM, Beiky M, et al. Effect of physical activity for
reducing anxiety symptoms in older adults: a meta-analysis of randomized
controlled trials. BMC Sports Sci Med Rehabil. 2024;16(1):153. https://doi.org/
10.1186/s13102-024-00947-w.

10. Ramos-Sanchez CP, Schuch FB, Seedat S, et al. The anxiolytic effects of exercise for
people with anxiety and related disorders: an update of the available meta-analytic

evidence. Psychiatry Res. 2021;302:114046. https://doi.org/10.1016/j.
psychres.2021.114046.

11. Stubbs B, Vancampfort D, Rosenbaum S, et al. An examination of the anxiolytic
effects of exercise for people with anxiety and stress-related disorders: a meta-
analysis. Psychiatry Res. 2017;249:102–108. https://doi.org/10.1016/j.
psychres.2016.12.020.

12. Whitworth JW, Nosrat S, SantaBarbara NJ, Ciccolo JT. High intensity resistance
training improves sleep quality and anxiety in individuals who screen positive for
posttraumatic stress disorder: a randomized controlled feasibility trial. Ment Health
Phys Act. 2019;16:43–49. https://doi.org/10.1016/j.mhpa.2019.04.001.

13. Brown JC, Damjanov N, Courneya KS, et al. 333 A randomized dose-response trial of
aerobic exercise and health-related quality of life in Colon cancer survivors.
Psychooncology. 2018;27(4):1221–1228. https://doi.org/10.1002/pon.4655.

14. Triguero-C�anovas D, L�opez-Rodríguez-Arias F, G�omez-Martínez M, et al. 222 home-
based prehabilitation improves physical conditions measured by ergospirometry and
6MWT in colorectal cancer patients: a randomized controlled pilot study. Support
Care Cancer Off J Multinatl Assoc Support Care Cancer. 2023;31(12):673. https://doi.
org/10.1007/s00520-023-08140-4.

15. Van Vulpen JK, Velthuis MJ, Steins Bisschop CN, et al. 666 effects of an exercise
program in Colon cancer patients undergoing chemotherapy. Med Sci Sports Exerc.
2016;48(5):767–775. https://doi.org/10.1249/MSS.0000000000000855.

16. Kwok JYY, Kwan JCY, Auyeung M, et al. Effects of mindfulness yoga vs stretching
and resistance training exercises on anxiety and depression for people with
parkinson disease: a randomized clinical trial. JAMA Neurol. 2019;76(7):755–763.
https://doi.org/10.1001/jamaneurol.2019.0534.

17. LeBouthillier DM, Asmundson GJG. The efficacy of aerobic exercise and resistance
training as transdiagnostic interventions for anxiety-related disorders and
constructs: a randomized controlled trial. J Anxiety Disord. 2017;52:43–52. https://
doi.org/10.1016/j.janxdis.2017.09.005.

18. World Health Organization. Physical activity and sedentary behaviour: guidelines.
Published online. 2020. https://www.who.int/europe/publications/i/item/9789
240014886.

Z. Fang et al. Sports Medicine and Health Science 8 (2026) 145–152

150

https://www.who.int/news-room/fact-sheets/detail/anxiety-disorders
https://www.who.int/news-room/fact-sheets/detail/anxiety-disorders
https://doi.org/10.1586/ern.12.73
https://www.nimh.nih.gov/health/statistics/any-anxiety-disorder
https://www.nimh.nih.gov/health/statistics/any-anxiety-disorder
https://doi.org/10.1111/jgs.18515
https://doi.org/10.1111/jgs.18515
https://doi.org/10.31887/DCNS.2017.19.2/fthibaut
https://doi.org/10.3390/nu14122425
https://doi.org/10.3390/nu14122425
https://doi.org/10.5847/wjem.j.1920%2D8642.2023.047
https://doi.org/10.5847/wjem.j.1920%2D8642.2023.047
https://doi.org/10.1249/MSS.0000000000002112
https://doi.org/10.1186/s13102%2D024%2D00947%2Dw
https://doi.org/10.1186/s13102%2D024%2D00947%2Dw
https://doi.org/10.1016/j.psychres.2021.114046
https://doi.org/10.1016/j.psychres.2021.114046
https://doi.org/10.1016/j.psychres.2016.12.020
https://doi.org/10.1016/j.psychres.2016.12.020
https://doi.org/10.1016/j.mhpa.2019.04.001
https://doi.org/10.1002/pon.4655
https://doi.org/10.1007/s00520%2D023%2D08140%2D4
https://doi.org/10.1007/s00520%2D023%2D08140%2D4
https://doi.org/10.1249/MSS.0000000000000855
https://doi.org/10.1001/jamaneurol.2019.0534
https://doi.org/10.1016/j.janxdis.2017.09.005
https://doi.org/10.1016/j.janxdis.2017.09.005
https://www.who.int/europe/publications/i/item/9789240014886
https://www.who.int/europe/publications/i/item/9789240014886


19. Rodriguez-Ayllon M, Cadenas-S�anchez C, Est�evez-L�opez F, et al. Role of physical
activity and sedentary behavior in the mental health of preschoolers, children and
adolescents: a systematic review and meta-analysis. Sports Med. 2019;49(9):
1383–1410. https://doi.org/10.1007/s40279-019-01099-5.

20. Ligeza TS, Nowak I, Maciejczyk M, Szygula Z, Wyczesany M. Acute aerobic exercise
enhances cortical connectivity between structures involved in shaping mood and
improves self-reported mood: an EEG effective-connectivity study in young Male
adults. Int J Psychophysiol. 2021;162:22–33. https://doi.org/10.1016/j.
ijpsycho.2021.01.016.

21. Piva T, Masotti S, Raisi A, et al. Exercise program for the management of anxiety and
depression in adults and elderly subjects: is it applicable to patients with post-covid-
19 condition? A systematic review and meta-analysis. J Affect Disord. 2023;325:
273–281. https://doi.org/10.1016/j.jad.2022.12.155.

22. Li L, Wang P, Li S, et al. Canonical correlation analysis of depression and anxiety
symptoms among college students and their relationship with physical activity. Sci
Rep. 2023;13(1):11516. https://doi.org/10.1038/s41598-023-38682-w.

23. Herring MP, Rasmussen CL, McDowell CP, Gordon BR, Kenny RA, Laird E. Physical
activity dose for generalized anxiety disorder & worry: results from the Irish
longitudinal study on ageing. Psychiatry Res. 2024;332:115723. https://doi.org/
10.1016/j.psychres.2024.115723.

24. Wu L, Zhou R. Effectiveness of acute aerobic exercise in regulating emotions in
individuals with test anxiety. Biol Psychol. 2024;193:108873. https://doi.org/
10.1016/j.biopsycho.2024.108873.

25. Susanti Hassan HC, Aljaberi MA. Pregnancy exercise effectiveness on anxiety level
among pregnant women. J Publ Health Res. 2024;13(2):22799036241246701.
https://doi.org/10.1177/22799036241246701.

26. Chen HM, Tsai CM, Wu YC, Lin KC, Lin CC. Randomised controlled trial on the
effectiveness of home-based walking exercise on anxiety, depression and cancer-
related symptoms in patients with lung cancer. Br J Cancer. 2015;112(3):438–445.
https://doi.org/10.1038/bjc.2014.612.

27. O'Sullivan D, Gordon BR, Lyons M, Meyer JD, Herring MP. Effects of resistance
exercise training on depressive symptoms among young adults: a randomized
controlled trial. Psychiatry Res. 2023;326:115322. https://doi.org/10.1016/j.
psychres.2023.115322.

28. Zhou HJ, Zuo DJ, Zhang D, He XH, Guo SB. Nutritional status and prognostic factors
for mortality in patients admitted to emergency department observation units: a
national multi-center study in China. World J Emerg Med. 2023;14(1):17–24. https://
doi.org/10.5847/wjem.j.1920-8642.2023.005.

29. da Costa TS, Seffrin A, de Castro Filho J, et al. Effects of aerobic and strength
training on depression, anxiety, and health self-perception levels during the COVID-
19 pandemic. Eur Rev Med Pharmacol Sci. 2022;26(15):5601–5610. https://doi.org/
10.26355/eurrev_202208_29433.

30. Wang C, Bannuru R, Ramel J, Kupelnick B, Scott T, Schmid CH. Tai chi on
psychological well-being: systematic review and meta-analysis. BMC Compl
Alternative Med. 2010;10:23. https://doi.org/10.1186/1472-6882-10-23.

31. Martínez-Calderon J, Casuso-Holgado MJ, Mu~noz-Fernandez MJ, Garcia-Mu~noz C,
Heredia-Rizo AM. Yoga-based interventions may reduce anxiety symptoms in
anxiety disorders and depression symptoms in depressive disorders: a systematic
review with meta-analysis and meta-regression. Br J Sports Med. 2023;57(22):
1442–1449. https://doi.org/10.1136/bjsports-2022-106497.

32. Engel M, Eggert C, Kaplick PM, et al. The role of m6A/m-RNA methylation in stress
response regulation. Neuron. 2018;99(2):389–403.e9. https://doi.org/10.1016/j.
neuron.2018.07.009.

33. Yan L, Wang M, Yang F, et al. Physical exercise mediates a cortical FMRP-mTOR
pathway to improve resilience against chronic stress in adolescent mice. Transl
Psychiatry. 2023;13(1):16. https://doi.org/10.1038/s41398-023-02311-x.

34. Yan L, Wei JA, Yang F, et al. Physical exercise prevented stress-induced anxiety via
improving brain RNA methylation. Adv Sci Weinh Baden Wurtt Ger. 2022;9(24):
e2105731. https://doi.org/10.1002/advs.202105731.

35. Chen K, Zheng Y, Wei JA, et al. Exercise training improves motor skill learning via
selective activation of mTOR. Sci Adv. 2019;5(7):eaaw1888. https://doi.org/
10.1126/sciadv.aaw1888.

36. Autry AE, Adachi M, Nosyreva E, et al. NMDA receptor blockade at rest triggers
rapid behavioural antidepressant responses. Nature. 2011;475(7354):91–95.
https://doi.org/10.1038/nature10130.

37. Johansson H, Hagstr€omer M, Grooten WJA, Franz�en E. Exercise-Induced
neuroplasticity in parkinson's disease: a metasynthesis of the literature. Neural Plast.
2020;2020:8961493. https://doi.org/10.1155/2020/8961493.

38. Morland C, Andersson KA, Haugen ØP, et al. Exercise induces cerebral VEGF and
angiogenesis via the lactate receptor HCAR1. Nat Commun. 2017;8:15557. https://
doi.org/10.1038/ncomms15557.

39. Müller P, Duderstadt Y, Lessmann V, Müller NG. Lactate and BDNF: key mediators of
exercise induced neuroplasticity? J Clin Med. 2020;9(4):1136. https://doi.org/
10.3390/jcm9041136.

40. van Hall G, Strømstad M, Rasmussen P, et al. Blood lactate is an important energy
source for the human brain. J Cereb Blood Flow Metab Off J Int Soc Cereb Blood Flow
Metab. 2009;29(6):1121–1129. https://doi.org/10.1038/jcbfm.2009.35.

41. El Hayek L, Khalifeh M, Zibara V, et al. Lactate mediates the effects of exercise on
learning and memory through SIRT1-Dependent activation of hippocampal brain-
derived neurotrophic factor (BDNF). J Neurosci Off J Soc Neurosci. 2019;39(13):
2369–2382. https://doi.org/10.1523/JNEUROSCI.1661-18.2019.

42. Pedersen BK. Physical activity and muscle-brain crosstalk. Nat Rev Endocrinol. 2019;
15(7):383–392. https://doi.org/10.1038/s41574-019-0174-x.

43. Chu F, Tan R, Wang X, et al. Transcranial magneto-acoustic stimulation attenuates
synaptic plasticity impairment through the activation of Piezo1 in alzheimer's

disease mouse model. Res Wash DC. 2023;6:130. https://doi.org/10.34133/
research.0130.

44. Erickson KI, Voss MW, Prakash RS, et al. Exercise training increases size of
hippocampus and improves memory. Proc Natl Acad Sci U S A. 2011;108(7):
3017–3022. https://doi.org/10.1073/pnas.1015950108.

45. Gao Y, Shen M, Gonzalez JC, et al. RGS6 mediates effects of voluntary running on
adult hippocampal neurogenesis. Cell Rep. 2020;32(5):107997. https://doi.org/
10.1016/j.celrep.2020.107997.

46. Lourenco MV, Frozza RL, de Freitas GB, et al. Exercise-linked FNDC5/irisin rescues
synaptic plasticity and memory defects in Alzheimer's models. Nat Med. 2019;25(1):
165–175. https://doi.org/10.1038/s41591-018-0275-4.

47. Islam MR, Valaris S, Young MF, et al. Exercise hormone irisin is a critical regulator
of cognitive function. Nat Metab. 2021;3(8):1058–1070. https://doi.org/10.1038/
s42255-021-00438-z.

48. Zhou W, Shi Y, Wang H, et al. Exercise-induced FNDC5/irisin protects nucleus
pulposus cells against senescence and apoptosis by activating autophagy. Exp Mol
Med. 2022;54(7):1038–1048. https://doi.org/10.1038/s12276-022-00811-2.

49. Lv D, Xu Z, Cheng P, et al. S-Nitrosylation-mediated coupling of DJ-1 with PTEN
induces PI3K/AKT/mTOR pathway-dependent keloid formation. Burns Trauma.
2023;11:tkad024. https://doi.org/10.1093/burnst/tkad024.

50. De la Rosa A, Solana E, Corpas R, et al. Long-term exercise training improves
memory in middle-aged men and modulates peripheral levels of BDNF and
Cathepsin B. Sci Rep. 2019;9(1):3337. https://doi.org/10.1038/s41598-019-40040-
8.

51. Schmolesky MT, Webb DL, Hansen RA. The effects of aerobic exercise intensity and
duration on levels of brain-derived neurotrophic factor in healthy men. J Sports Sci
Med. 2013;12(3):502–511.

52. Babiarz M, Laskowski R, Grzywacz T. Effects of strength training on BDNF in healthy
young adults. Int J Environ Res Publ Health. 2022;19(21):13795. https://doi.org/
10.3390/ijerph192113795.

53. Casta~no LAA, Castillo de Lima V, Barbieri JF, et al. Resistance training combined
with cognitive training increases brain derived neurotrophic factor and improves
cognitive function in healthy older adults. Front Psychol. 2022;13. https://doi.org/
10.3389/fpsyg.2022.870561.

54. Cassilhas RC, Lee KS, Fernandes J, et al. Spatial memory is improved by aerobic and
resistance exercise through divergent molecular mechanisms. Neuroscience. 2012;
202:309–317. https://doi.org/10.1016/j.neuroscience.2011.11.029.

55. Kondo M, Nakamura Y, Ishida Y, Shimada S. The 5-HT3 receptor is essential for
exercise-induced hippocampal neurogenesis and antidepressant effects. Mol
Psychiatr. 2015;20(11):1428–1437. https://doi.org/10.1038/mp.2014.153.

56. Greenwood BN, Fleshner M. Exercise, stress resistance, and central serotonergic
systems. Exerc Sport Sci Rev. 2011;39(3):140–149. https://doi.org/10.1097/
JES.0b013e31821f7e45.

57. Lydiard RB. The role of GABA in anxiety disorders. J Clin Psychiatry. 2003;64(Suppl
3):21–27.

58. Coxon JP, Cash RFH, Hendrikse JJ, et al. GABA concentration in sensorimotor cortex
following high-intensity exercise and relationship to lactate levels. J Physiol. 2018;
596(4):691–702. https://doi.org/10.1113/JP274660.

59. Chen C, Liu T, Tang Y, Luo G, Liang G, He W. Epigenetic regulation of macrophage
polarization in wound healing. Burns Trauma. 2023;11:tkac057. https://doi.org/
10.1093/burnst/tkac057.

60. Ma Q. Beneficial effects of moderate voluntary physical exercise and its biological
mechanisms on brain health. Neurosci Bull. 2008;24(4):265–270. https://doi.org/
10.1007/s12264-008-0402-1.

61. Kim IB, Lee JH, Park SC. The relationship between stress, inflammation, and
depression. Biomedicines. 2022;10(8):1929. https://doi.org/10.3390/
biomedicines10081929.

62. Svensson M, Lexell J, Deierborg T. Effects of physical exercise on
neuroinflammation, neuroplasticity, neurodegeneration, and behavior: what we can
learn from animal models in clinical settings. Neurorehabilitation Neural Repair.
2015;29(6):577–589. https://doi.org/10.1177/1545968314562108.

63. Lin YL, Wei CW, Lerdall TA, Nhieu J, Wei LN. Crabp1 modulates HPA axis
homeostasis and anxiety-like behaviors by altering FKBP5 expression. Int J Mol Sci.
2021;22(22):12240. https://doi.org/10.3390/ijms222212240.

64. Yang TC, Tsai JP, Hsu H, et al. Delving into the interaction between exercise and
diabetes on methylation of the FKBP5 gene. J Diabetes Res. 2025;2025:1162708.
https://doi.org/10.1155/jdr/1162708.

65. Hare BD, Beierle JA, Toufexis DJ, Hammack SE, Falls WA. Exercise-associated
changes in the corticosterone response to acute restraint stress: evidence for
increased adrenal sensitivity and reduced corticosterone response duration.
Neuropsychopharmacol Off Publ Am Coll Neuropsychopharmacol. 2014;39(5):
1262–1269. https://doi.org/10.1038/npp.2013.329.

66. Scheffer D da L, Latini A. Exercise-induced immune system response: Anti-
inflammatory status on peripheral and central organs. Biochim Biophys Acta Mol
Basis Dis. 2020;1866(10):165823. https://doi.org/10.1016/j.bbadis.2020.165823.

67. Chastin SFM, Abaraogu U, Bourgois JG, et al. Effects of regular physical activity on
the immune System, vaccination and risk of community-acquired infectious disease
in the general population: systematic review and meta-analysis. Sports Med Auckl
NZ. 2021;51(8):1673–1686. https://doi.org/10.1007/s40279-021-01466-1.

68. Li S, Yao J, Zhang S, et al. Prognostic value of tumor-microenvironment-associated
genes in ovarian cancer. BIO Integr. 2023;4:84. https://doi.org/10.15212/bioi-2022-
0008.

69. Reiss S, Peterson RA, Gursky DM, McNally RJ. Anxiety sensitivity, anxiety frequency
and the prediction of fearfulness. Behav Res Ther. 1986;24(1):1–8. https://doi.org/
10.1016/0005-7967(86)90143-9.

Z. Fang et al. Sports Medicine and Health Science 8 (2026) 145–152

151

https://doi.org/10.1007/s40279%2D019%2D01099%2D5
https://doi.org/10.1016/j.ijpsycho.2021.01.016
https://doi.org/10.1016/j.ijpsycho.2021.01.016
https://doi.org/10.1016/j.jad.2022.12.155
https://doi.org/10.1038/s41598%2D023%2D38682%2Dw
https://doi.org/10.1016/j.psychres.2024.115723
https://doi.org/10.1016/j.psychres.2024.115723
https://doi.org/10.1016/j.biopsycho.2024.108873
https://doi.org/10.1016/j.biopsycho.2024.108873
https://doi.org/10.1177/22799036241246701
https://doi.org/10.1038/bjc.2014.612
https://doi.org/10.1016/j.psychres.2023.115322
https://doi.org/10.1016/j.psychres.2023.115322
https://doi.org/10.5847/wjem.j.1920%2D8642.2023.005
https://doi.org/10.5847/wjem.j.1920%2D8642.2023.005
https://doi.org/10.26355/eurrev_202208_29433
https://doi.org/10.26355/eurrev_202208_29433
https://doi.org/10.1186/1472%2D6882%2D10%2D23
https://doi.org/10.1136/bjsports%2D2022%2D106497
https://doi.org/10.1016/j.neuron.2018.07.009
https://doi.org/10.1016/j.neuron.2018.07.009
https://doi.org/10.1038/s41398%2D023%2D02311%2Dx
https://doi.org/10.1002/advs.202105731
https://doi.org/10.1126/sciadv.aaw1888
https://doi.org/10.1126/sciadv.aaw1888
https://doi.org/10.1038/nature10130
https://doi.org/10.1155/2020/8961493
https://doi.org/10.1038/ncomms15557
https://doi.org/10.1038/ncomms15557
https://doi.org/10.3390/jcm9041136
https://doi.org/10.3390/jcm9041136
https://doi.org/10.1038/jcbfm.2009.35
https://doi.org/10.1523/JNEUROSCI.1661%2D18.2019
https://doi.org/10.1038/s41574%2D019%2D0174%2Dx
https://doi.org/10.34133/research.0130
https://doi.org/10.34133/research.0130
https://doi.org/10.1073/pnas.1015950108
https://doi.org/10.1016/j.celrep.2020.107997
https://doi.org/10.1016/j.celrep.2020.107997
https://doi.org/10.1038/s41591%2D018%2D0275%2D4
https://doi.org/10.1038/s42255%2D021%2D00438%2Dz
https://doi.org/10.1038/s42255%2D021%2D00438%2Dz
https://doi.org/10.1038/s12276%2D022%2D00811%2D2
https://doi.org/10.1093/burnst/tkad024
https://doi.org/10.1038/s41598%2D019%2D40040%2D8
https://doi.org/10.1038/s41598%2D019%2D40040%2D8
http://refhub.elsevier.com/S2666-3376(25)00105-2/sref51
http://refhub.elsevier.com/S2666-3376(25)00105-2/sref51
http://refhub.elsevier.com/S2666-3376(25)00105-2/sref51
https://doi.org/10.3390/ijerph192113795
https://doi.org/10.3390/ijerph192113795
https://doi.org/10.3389/fpsyg.2022.870561
https://doi.org/10.3389/fpsyg.2022.870561
https://doi.org/10.1016/j.neuroscience.2011.11.029
https://doi.org/10.1038/mp.2014.153
https://doi.org/10.1097/JES.0b013e31821f7e45
https://doi.org/10.1097/JES.0b013e31821f7e45
http://refhub.elsevier.com/S2666-3376(25)00105-2/sref57
http://refhub.elsevier.com/S2666-3376(25)00105-2/sref57
https://doi.org/10.1113/JP274660
https://doi.org/10.1093/burnst/tkac057
https://doi.org/10.1093/burnst/tkac057
https://doi.org/10.1007/s12264%2D008%2D0402%2D1
https://doi.org/10.1007/s12264%2D008%2D0402%2D1
https://doi.org/10.3390/biomedicines10081929
https://doi.org/10.3390/biomedicines10081929
https://doi.org/10.1177/1545968314562108
https://doi.org/10.3390/ijms222212240
https://doi.org/10.1155/jdr/1162708
https://doi.org/10.1038/npp.2013.329
https://doi.org/10.1016/j.bbadis.2020.165823
https://doi.org/10.1007/s40279%2D021%2D01466%2D1
https://doi.org/10.15212/bioi%2D2022%2D0008
https://doi.org/10.15212/bioi%2D2022%2D0008
https://doi.org/10.1016/0005%2D7967%2886%2990143%2D9
https://doi.org/10.1016/0005%2D7967%2886%2990143%2D9


70. Taylor S, Zvolensky MJ, Cox BJ, et al. Robust dimensions of anxiety sensitivity:
development and initial validation of the Anxiety Sensitivity Index-3. Psychol Assess.
2007;19(2):176–188. https://doi.org/10.1037/1040-3590.19.2.176.

71. Broman-Fulks JJ, Abraham CM, Thomas K, Canu WH, Nieman DC. Anxiety
sensitivity mediates the relationship between exercise frequency and anxiety and
depression symptomology. Stress Health J Int Soc Investig Stress. 2018;34(4):500–508.
https://doi.org/10.1002/smi.2810.

72. Wallman-Jones A, Palser ER, Benzing V, Schmidt M. Acute physical-activity related
increases in interoceptive ability are not enhanced with simultaneous interoceptive
attention. Sci Rep. 2022;12(1):15054. https://doi.org/10.1038/s41598-022-19235-
z.

73. Farris SG, Kibbey MM. Be brave, BE-FIT! A pilot investigation of an ACT-informed
exposure intervention to reduce exercise fear-avoidance in older adults. Cogn Behav
Ther. 2022;51(4):273–294. https://doi.org/10.1080/16506073.2022.2037017.

74. Luo S, Wang L, Xiao Y, Cao C, Liu Q, Zhou Y. Single-Cell RNA-Sequencing Integration
Analysis Revealed Immune Cell Heterogeneity in Five Human Autoimmune Diseases. vol.
4. BIO Integr; 2023:145. https://doi.org/10.15212/bioi-2023-0012.

75. Bartholomew JB, Linder DE. State anxiety following resistance exercise: the role of
gender and exercise intensity. J Behav Med. 1998;21(2):205–219. https://doi.org/
10.1023/a:1018732025340.

76. Martínez-Díaz IC, Carrasco L. Neurophysiological stress response and mood changes
induced by high-intensity interval training: a pilot Study. Int J Environ Res Publ
Health. 2021;18(14):7320. https://doi.org/10.3390/ijerph18147320.

77. Gaia JWP, Schuch FB, Ferreira RW, Souza E de L, Ferreira VMS, Pires DA. Effects of
high-intensity interval training on depressive and anxiety symptoms in healthy
individuals: a systematic review and meta-analysis of randomized clinical trials.
Scand J Med Sci Sports. 2024;34(4):e14618. https://doi.org/10.1111/sms.14618.

78. Lin Y, Gao W. The effects of physical exercise on anxiety symptoms of college
students: a meta-analysis. Front Psychol. 2023;14:1136900. https://doi.org/
10.3389/fpsyg.2023.1136900.

Z. Fang et al. Sports Medicine and Health Science 8 (2026) 145–152

152

https://doi.org/10.1037/1040%2D3590.19.2.176
https://doi.org/10.1002/smi.2810
https://doi.org/10.1038/s41598%2D022%2D19235%2Dz
https://doi.org/10.1038/s41598%2D022%2D19235%2Dz
https://doi.org/10.1080/16506073.2022.2037017
https://doi.org/10.15212/bioi%2D2023%2D0012
https://doi.org/10.1023/a:1018732025340
https://doi.org/10.1023/a:1018732025340
https://doi.org/10.3390/ijerph18147320
https://doi.org/10.1111/sms.14618
https://doi.org/10.3389/fpsyg.2023.1136900
https://doi.org/10.3389/fpsyg.2023.1136900

	Mechanisms of exercise against anxiety disorder: A review of the research progress
	1. Introduction
	2. Method
	3. Results
	3.1. Evidence for exercise as an anxiolytic
	3.1.1. Dose-response relationship between exercise and anxiety
	3.1.2. Comparison of the effects of different exercise modes on anxiety

	3.2. Mechanisms of exercise anti-anxiety
	3.2.1. Cellular and molecular mechanisms
	3.2.1.1. The medial prefrontal Cortex (mPFC)
	3.2.1.2. Neuroplasticity
	3.2.1.3. The change of neurotransmitters

	3.2.2. Systemic immune effects
	3.2.3. Behavioral and cognitive pathways


	4. Discussion
	CRediT authorship contribution statement
	Funding
	Declaration of competing interest
	AppendicesDeclaration of competing interest
	References


