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Abstract: This systematic review provides an overview of the current literature on the effects of physical activity (PA) as an
intervention to treat anxiety symptoms in adolescents and young adults. Three searches (March and May 2022; July 2024)
focusing on RCTs using a PA intervention of at least moderate intensity were carried out in PubMed, Psycinfo, SportDiscus,
and Google Scholar. Studies were screened, and risk of bias was assessed for all included studies. In total 2,521 studies
were retrieved, and 14 RCTs were retained. Studies were compared based on several criteria, such as type of exercise,
intensity, delivery mode, PA alone or as add-on treatment. Results suggest that PA is more effective compared to inactive
control conditions. Intensity (moderate or high) or type of exercise (aerobic or resistance training) requirements for anxiolytic
effects are less clear. Participants with elevated anxiety scores benefit more from PA interventions than those with low
anxiety scores. We conclude that PA is a promising intervention to treat anxiety in adolescents and young adults.
Heterogeneity between studies is high, and many present methodological shortcomings. Little is known about the
underlying mechanisms responsible for anxiety-reducing effects. To advance research, more high-quality studies are
needed to develop effective and personalized PA interventions.
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Anxiety disorders are amongst the most common mental
disorders in adolescents and young adults (Niermann
et al., 2021; Parodi et al., 2022). They have a negative
impact on academic performance, development, social
and health functioning, and they increase the risk of devel-
oping secondary mental health problems (e.g., depression)
(Asselmann & Beesdo-Baum, 2015; Mojtabai et al., 2015).
Prospective longitudinal studies have shown that anxiety
disorders in childhood and adolescence significantly predict
homotypic and heterotypic continuity of disorders into
adulthood (Asselmann & Beesdo-Baum, 2015). Lifetime
prevalence rates are up to 30% for any anxiety disorder
in this age group and present an early age of onset, with
almost 75% of anxiety and fear-related disorders emerging
before the age of 25 (Asselmann & Beesdo-Baum, 2015;
Solmi et al., 2022).

Given the chronic and recurrent course of anxiety and
the high risk of developing comorbid mental disorders
(i.e., depression), early detection and treatment are crucial
(Hill, Waite & Creswell, 2016). The most researched and
empirically supported treatments for anxiety are Cognitive
Behaviour Therapy (CBT), pharmacotherapy (selective
serotonin reuptake inhibitors) or a combination of both.
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Currently, these approaches represent the recommended
treatments for anxiety disorders for adolescents and young
adults (Hill et al., 2016; Wehry, Beesdo-Baum, Hennelly,
Connolly & Strawn, 2015). Nevertheless, these treatments
have several disadvantages. For example, some individuals
respond better to CBT than others. Approximately 40%
keep their anxiety disorder diagnosis after treatment, and
CBT interventions are not always more effective than active
control interventions (Hill et al., 2016). Long waiting lists
and high therapy costs reduce accessibility to CBT treat-
ment. Shortcomings of pharmacological treatments for anx-
iety include side-effects, leading to treatment resistance
and low treatment adherence (Henriksson et al., 2022; Hill
et al., 2016; Stonerock et al., 2015).

There is growing evidence that exercise interventions are
viable alternatives treatment options for adults with high
anxiety or anxiety disorders (Aylett et al., 2018; Stonerock
et al., 2015). For younger people, the available literature
on anxiety-reducing effects of physical activity (PA) is lim-
ited. Biddle and Asare (2011) found positive associations
between levels of PA and mental health outcomes (lower
depression and anxiety, higher cognitive functioning,
and self-esteem). The methodological quality of studies,
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however, is weak. Evidence concerning the effects of lack
of PA is clearer, as no PA is associated with poorer mental
health. This is supported by the data from the World Health
Survey indicating an association between low PA levels and
increased anxiety (Stubbs, Koyanagi, et al., 2017).

In their updated review, Biddle et al. (2019), address the
issue whether causality can be established between the pos-
itive associations between PA and mental health outcomes
in children and adolescents. They found strong evidence for
cognitive functioning and partial evidence for depression.

The most recent meta-analysis investigating the effects
of PA-based interventions on anxiety in young clinical
and non-clinical populations was conducted by Carter
et al. (2021). In their review, they included only randomized
controlled trials (RCTs) involving PA, motivational inter-
ventions, coaching, mindfulness, and behavior-based, indi-
vidual- and group-based interventions. They found positive
medium-sized effects on anxiety for PA compared to mini-
mal or no intervention, and a small effect compared with
attention-control groups. Compared to other mental health
enhancing interventions, PA was not more effective in the
non-clinical groups but seemed to be more effective in clin-
ical groups (Carter et al., 2021).

Notwithstanding the results of this recent meta-analysis,
the conclusions that can be drawn are limited due to a num-
ber of shortcomings. First, there are only few high-quality
randomized trials, investigating PA as an intervention for
anxiety in adolescents and young adults (Vogele, 2019).
Second, there are methodological inconsistencies in these
studies, including the use of varying definitions of PA,
heterogeneity in length, duration, type and intensity of
exercise, assessed with a range of instruments (e.g., wear-
able devices, self-report) reducing comparability between
studies. Third, many of the studies included by Carter
et al. (2021), which showed anxiety-reducing effects,
involved mindfulness-based physical activities. Mindfulness
exercises such as Yoga, tai chi or gigong typically involve
low to moderate physical movements, relaxation tech-
niques, with an emphasis on the present moment and being
nonjudgemental towards thoughts and experiences during
practice (So et al., 2020). It could be argued that the under-
lying mechanisms, such as insight, exposure and non-
attachment, inherent to all mindfulness-based interventions
and relaxation techniques are responsible for the reduction
of anxiety (Brown et al., 2007), which may well differ from
the mechanisms underlying the effects of PA. Supporting
this notion, there is evidence for significant differences in
effects between mindfulness-based interventions compared
to aerobic and resistance exercise (Bridle et al., 2012).

In summary, it remains unclear from Carter et al. (2021)
what role PA plays in reducing anxiety levels in children
and adolescents, given that their review included a signifi-
cant proportion of studies using a combination of interven-
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tions, some of which involved PA at intensity levels
considered to be too low to achieve any health benefits
(Bull et al., 2020). The first aim of the current paper con-
cerns, therefore, a review of RCT's focusing on PA interven-
tions of at least moderate intensity (> 3 metabolic
equivalent of task, MET), so as to draw firmer conclusions
on the usefulness of PA interventions in reducing anxiety in
adolescents and young adults. The second aim was to
update the review by Carter et al. (2021).

Method

This systematic review adheres to PRISMA guidelines.

Inclusion Criteria

Studies were eligible for this review if the participant age
range was between 13 and 30 years, as anxiety disorders
present an early age of onset and anxiety and fear-related
disorders emerge during that period, with a lifetime preva-
lence of up to 30% for any anxiety disorder in this age
group (Asselmann & Beesdo-Baum, 2015; Solmi et al.,
2022). We included studies which investigated the effects
of PA interventions on reducing anxiety symptoms. PA
can be defined as “any bodily movement produced by
skeletal muscles that results in the expenditure of energy”
(Caspersen et al., 1985, p. 126). The intervention should
involve PA of at least moderate intensity (> 3 MET), to be
able to attribute any anxiety reducing effects to the changes
associated with PA of sufficient intensity to achieve physical
and mental health benefits (World Health Organization,
2020). Studies needed to include at least one standard out-
come measure of anxiety (primary or secondary), and the
effect of PA on the reduction of anxiety symptoms had to
be analyzed. Only RCTs and papers in English language
were retained.

Exclusion Criteria

We excluded studies investigating PA interventions for
mental health problems other than anxiety or depression,
and studies that were designed to improve mental health
for people with intellectual disabilities. Studies that did
not report an analysis on the effect of PA on reducing anx-
iety symptoms were not retained. Studies with a single ses-
sion of PA or where anxiety was induced prior or after the
PA were excluded (e.g., Lindheimer et al., 2017). Studies
that included mindfulness exercises were excluded as PA
intensity levels were deemed not high enough to justify
the categorization of the intervention as PA and the
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mechanisms involved in any anxiety-reducing effects,
therefore, to differ from those involved in PA. Non-RCTs
were also excluded.

Search History

A systematic review of the literature was carried out to
retrieve studies that investigated the anxiolytic effects of
PA in adolescents and young adults. In total three searches
were conducted. The first search included the databases
PubMed, PsycInfo and Google Scholar with the following
combination of search terms:

(adolescent or youth or young people or teenager)
AND (“anxiety disorders” or “anxiety disorder*” or
« . . ) « . . ) .
social anxiety” or “generalized anxiety” or anxiety
or “paediatric anxiety disorder” or SAD or GAD)
AND (exercise or “exercise therapy” or sport or
“physical activity”).

In addition to the more specified databases PubMed and
PsycInfo, Google Scholar was chosen as a search tool to
provide a wider coverage of the extant literature, as it
searches a wide range of scholarly literature across many
disciplines and many sources (articles, books, theses, etc.).

For PubMed, the available MESH terms for “adolescent”,
“anxiety disorders” and “exercise” were used. The results
were further filtered for RCTs using the filter in the respec-
tive databases. For Google Scholar the following search
query was used: ((“Randomized control test”|RCT) (Adoles-
cent|youth|teenager)  (“anxiety  disorder”)  (Exercise]
Sport|“Exercise Therapy”|“physical activity”) -adult). The
first search was conducted in March 2022.

After evaluating the first search, search terms were
revised and updated to perform a more specified second
search in the databases PubMed, PsycInfo, and SportDis-
cus. A combination of the following search terms were used
for the second search:

(adolescents or young adults or students) AND (phys-
ical activity or physical exercise or exercise therapy)
AND (anxiety symptoms or anxiety disorder or anxi-
ety) AND (randomized controlled trials or rtc or ran-
domized control trials) NOT (mindfulness or yoga).

In PubMed the available MESH terms were used. The sec-
ond search was conducted in May 2022, and it differed
from the first search in the inclusion of the term “students”
and the exclusion of the terms “mindfulness” and “yoga”.
Both searches included published articles in journals in
English up to May 2022. The searches were carried out
by the first author.

To update the present review, the searches were carried
out again in the same databases in July 2024. The search
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yielded 1,616 results. None of the articles on which title
and abstract screening had been conducted, met the inclu-
sion criteria for the present review. Twelve publications
were assessed in more detail, and were subsequently
excluded due to the sample being out of age range (5),
non-RCT (6), review (1), no PA intervention (1).

Study Selection

Studies were included into Zotero and Rayyan (https://
www.rayyan.ai), a freely available software and tool to
screen and organize studies for systematic reviews. First,
title and abstract were screened for relevance and later
the full texts were consulted to further select studies. In
case of uncertainties, the two authors resolved any ambigu-
ities by discussion.

Risk of Bias

Methodological quality of included studies was indepen-
dently assessed by the two authors using the Cochrane tool
(www.riskofbias.info) for individual and cluster RCTs
(Sterne et al., 2019).

Results

Study Selection

In total 2,521 articles were retrieved from which 61 were
duplicates. After title and abstract screening, a further
2,080 articles were excluded. After full-text screening, a
further 366 studies were not retained. In total, 14 studies
were included in this review. An overview of the exclusion
process is shown in the PRISMA flow-diagram in Figure 1
(Page et al., 2021).

A total of 61 studies were excluded because participants’
age was outside the defined age range (13-30 years).
Another study presented outcome variables that were not
comparable to the outcome variables of most other studies
included in the review, such as in van Dijk-Lokkart et al.
(2016), where components of the main outcome included
procedural and treatment anxiety in young cancer patients.
Another study was excluded as the PA intervention repre-
sented physical movement in the context of physiotherapy
and, therefore, did not meet the PA requirements as
defined for the current review (Andias et al., 2018). Two
studies were excluded as no conclusion on the anxiety
reducing effect of PA could be drawn from the intervention
description (Zheng et al., 2021) and where the motivation of
external circumstances strongly interfered with the anxiety
outcome measures (Richards et al., 2014). For one study
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Figure 1. Prisma flow diagram.

methods and results were only available as an abstract
(Crocker & Grozelle, 1991).

The studies included in Carter et al. (2021) were also
reviewed, based on the inclusion criteria of the present
review to check if they would fall within the scope of this
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A 4

Review or meta-analysis (n =
173)

Outside of age range (n = 61)
Language not English (n = 57)
Intervention (n = 31)
Outcome not anxiety (n = 21)
Not RCT (n = 8)

Study protocol (n =7)

One session PA (n = 3)

Not accessible (n = 3)

Study design (n = 2)

review. Of the 22 studies included, 12 studies were excluded
because they investigated mindfulness-based interventions;
for two studies, only the abstracts were available (Jelalian
et al., 2011; Sabourin et al., 2016), another two studies
included participants outside of the age range of the current
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review (Mailey et al., 2010; Smits et al., 2008), and one
publication was not accessible (McEntee, 1995). Two stud-
ies were excluded, because they comprised PA, which was
not intended as a training (Melnyk et al., 2009, 2013), but
were part of a CBT-based intervention. Three studies (Mau-
rer et al., 2020; Norris et al., 1992; Parker et al., 2016)
included in Carter et al. (2021) met the inclusion criteria.

Study Characteristics

The included studies are summarized in ESM 1, Table E1.

Designs

Randomization was carried out at an individual level in 12
of the 14 included studies. Two studies used cluster ran-
domization (Bonhauser et al., 2005; Lima et al., 2022) as
these studies investigated school-based PA interventions,
where classes (Bonhauser et al., 2005) and schools (Lima
et al., 2022) constituted clusters.

Four studies compared a PA intervention with an inactive
control group, providing a routine health education class
(Broman-Fulks & Storey, 2008; Sabourin et al.,, 2015; J.
Zhang et al., 2021; Y. Zhang et al., 2021) or social relaxation
activities (Philippot et al., 2022) and one with a passive con-
trol group with no activity (Maurer et al., 2020). Three stud-
ies compared the PA intervention to an active control group
by continuing PA as usual (Bonhauser et al., 2005; Eather
et al., 2019; Lucibello et al., 2019). Two of these also had
a waitlist group (Eather et al., 2019; Y. Zhang et al.,
2021). One study compared the PA intervention to a pla-
cebo intervention through implicitly activating positive
beliefs and emphasizing that exercise induces beneficial
psychological and physiological changes (Lucibello et al.,
2020), two studies compared a high and a low intensity
group (Fidelix et al., 2019; Norris et al., 1992), with Norris
et al. (1992) further comparing them with a flexibility and a
control group. One study conducted a 2 x 2 factorial RCT
with the factors Problem Solving Therapy (PST) versus Sup-
portive Counseling and behavioral activation PA versus life-
style psychoeducation (Parker et al, 2016). One study
compared doubling physical education classes alone or plus
a workshop for teachers with usual physical education
classes and workshops for teachers alone. The workshop
for teachers focused on pedagogical and health related
topics that should be incorporated in physical education
classes (Lima et al., 2022).

Sample

The number of participants ranged from 35 to 1,296, age
ranged between 12 and 30 years with a mean age between
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14.6 and 22.8 years across all included studies. Two studies
had a only female sample (Sabourin et al., 2015; Y. Zhang
et al., 2021).

Five studies included university students (Broman-Fulks
& Storey, 2008; Eather et al., 2019; Lucibello et al., 2019,
2020; Sabourin et al., 2015), four studies involved adoles-
cent secondary school students (Bonhauser et al., 2005;
Lima et al., 2022; Norris et al, 1992; J. Zhang et al,
2021), one study recruited young female adolescents from
a community sample (Y. Zhang et al., 2021), one included
obese adolescents (Fidelix et al., 2019) and comprised ado-
lescents inpatients (Philippot et al., 2022), and one includ-
ing help-seeking individuals with a clinical caseness (92%)
(Parker et al., 2016). Three studies defined high and low
anxiety symptom severity subgroups using measurement
tool specific cut-off rates (Lucibello et al., 2019, 2020;
Sabourin et al., 2015); two included participants with higher
anxiety severity symptoms (Broman-Fulks & Storey, 2008;
J. Zhang et al., 2021); one included only participants with
self-reported characteristics of anxiety and stress (Y. Zhang
et al., 2021) and four made no differentiation between anx-
iety severity (Eather et al., 2019; Lima et al., 2022; Maurer
et al., 2020; Norris et al., 1992).

Regarding PA at baseline, three studies comprised low
active participants (> 150 min of moderate to vigorous
PA) (Broman-Fulks & Storey, 2008; Lucibello et al., 2019,
2020); one included sedentary females (Y. Zhang et al.,
2021) and one recruited sedentary healthy individuals
(Maurer et al., 2020). In one, participants showed very
low cardiovascular fitness (Philippot et al., 2022); one study
differentiated between physical active and non-active par-
ticipants (Bonhauser et al., 2005), and four studies made
no differentiation between PA levels at baseline (Eather
et al,, 2019; Lima et al., 2022; Sabourin et al., 2015; J. Zhang
et al., 2021).

Outcome Measures and Outcome Data
Selection

Anxiety was assessed with self-report instruments, and one
study used a physiological measure (Lucibello et al., 2020).
For self-report questionnaires, three studies used the State
and Trait Anxiety Inventory (STAL Spielberger et al,
1983; see Fidelix et al., 2019; Maurer et al., 2020; Philippot
et al., 2022), three studies used the short version of the
STAI (Marteau & Bekker, 1992; see also Eather et al.,
2019; Lucibello et al., 2019), with one (Y. Zhang et al.,
2021) using the Chinese version (Zsido et al., 2020); three
studies used the Beck Anxiety Inventory (BAL Beck et al.,
1988; see Lucibello et al., 2019, 2020; Parker et al.,
2016); two studies used the Self-rating Anxiety Scale
(SAS; Zung, 1971), whereas one used the Chinese version
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(J. Zhang et al., 2021). One study used the Social Anxiety
Scale for adolescents (Inderbitzen-Nolan & Walters,
2000; see also Lima et al., 2022); two studies used the
Hospital Anxiety and Depression Scale (HADS; Zigmond
& Snaith, 1983) (Bonhauser et al., 2005; Philippot et al.,
2022) and one study used the Anxiety Sensitivity Index
(ASI; Peterson & Reiss, 1992) (Sabourin et al., 2015) and
one the revised version of the ASI (Taylor & Cox, 1998)
(Broman-Fulks & Storey, 2008). One study used the Multi-
ple Affect Adjective Check List (Zuckerman et al., 1964; see
also Norris et al., 1992). One study measured proinflamma-
tory cytokines blood levels as a marker of chronic inflam-
mation, which is debated as a biomarker for General
Anxiety Disorder (Lucibello et al., 2020).

In the present review, both studies that assessed anxiety
as a primary or as a secondary outcome were included.
Anxiety was the primary outcome in nine studies (Bro-
man-Fulks & Storey, 2008; Fidelix et al., 2019; Lucibello
et al., 2019, 2020; Maurer et al., 2020; Norris et al,
1992; Parker et al., 2016; Sabourin et al., 2015; J. Zhang
et al., 2021) and the secondary outcome in four studies
(Bonhauser et al., 2005; Eather et al., 2019; Lima et al.,
2022; Y. Zhang et al, 2021). Moreover, Philippot et al.
(2022) investigated the HADS as primary and the STAI as
secondary outcome.

In terms of outcomes, six studies investigated the effects
of PA on anxiety symptom severity (Bonhauser et al., 2005;
Lucibello et al., 2019, 2020; Norris et al., 1992; Parker
et al., 2016; Philippot et al., 2022), five studies examined
PA intervention effects on state and trait anxiety (Eather
et al., 2019; Fidelix et al., 2019; Lucibello et al., 2019;
Philippot et al.,, 2022; Y. Zhang et al., 2021), two studies
on anxiety sensitivity (Broman-Fulks & Storey, 2008;
Sabourin et al., 2015) and one study on social anxiety (Lima
et al., 2022).

Intervention Characteristics

Four studies included a combination of psychological coun-
seling and PA (Fidelix et al., 2019; Philippot et al., 2022;
Sabourin et al., 2015; J. Zhang et al., 2021). Fidelix et al.
(2019) combined psychological, clinical, and nutritional
counseling with PA. In Philippot et al. (2022) participants
were inpatients in a psychiatric hospital receiving usual psy-
chological care and PA was an add-on treatment. J. Zhang
et al. (2021) combined psychological counseling interven-
tion to improve overall psychological resilience with out-
door PA and in Sabourin et al. (2015) participants
received group cognitive behavioral therapy before the
exercise intervention. One study combined Problem Solv-
ing Therapy and Supportive Counseling with behavioral
activation PA (Parker et al., 2016).
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Five studies included aerobic PA (running, brisk walking
and cycling) (Broman-Fulks & Storey, 2008; Lucibello
et al,, 2019; Maurer et al., 2020) and team sports (Bon-
hauser et al., 2005) or aerobic exercise to music (Norris
et al., 1992). Three studies included HIIT, in form of online
courses (Y. Zhang et al., 2021), cycling (Lucibello et al.,
2020) and a variety of resistance and body weight training
design (Eather et al., 2019) and two studies did not specify
the PA intervention (Lima et al., 2022; Parker et al., 2016).
In the majority of the studies, the PA intervention was car-
ried out in a group setting, four studies chose an individual
setting (Broman-Fulks & Storey, 2008; Maurer et al., 2020;
Parker et al., 2016; Sabourin et al., 2015), and two studies
did not report on the format (Fidelix et al., 2019; Lucibello
et al., 2019).

PA was supervised, except in two studies (Parker et al.,
2016; Sabourin et al., 2015). Supervision was carried out
by a member of the research team in six studies, by an
exercise professional in three studies (Philippot et al.,
2022; J. Zhang et al., 2021; Y. Zhang et al., 2021) and by
physical education teachers in two studies (Bonhauser
et al., 2005; Lima et al., 2022).

PA intensity was reported in ten studies. From those,
seven studies based PA intensity on a percentage of the
maximum heart rate (Broman-Fulks & Storey, 2008; Eather
et al,, 2019; Lucibello et al., 2019, 2020; Maurer et al.,
2020; Norris et al., 1992; J. Zhang et al., 2021) ranging from
50% to 95%. Maximum heart rate was determined by a
cardiorespiratory fitness test at baseline in two studies
(Lucibello et al,, 2019, 2020), using the formula (220 -
age) in two studies (Broman-Fulks & Storey, 2008; Norris
et al., 1992), one study performed a graded exercise test
with the participants (Maurer et al., 2020), and no details
provided in Eather et al. (2019) and J. Zhang et al. (2021).
One study used the heart rate reserve (HRR) to determine
PA intensity (Philippot et al., 2022). Here, 40-59% of the
HRR was targeted, indicating a moderate intensity. Fidelix
et al. (2019) measured PA intensity by measuring individual
ventilatory threshold (VT), with 1 VT accounting for high
intensity, and 80% of 1VT representing low intensity.
Lastly, in one study (Y. Zhang et al.,, 2021), participants
rated their perceived exertion (RPE) using the BORG
RPE-Scale, ranging from 1 to 10, with a target of 6 to 8, rep-
resenting a high intensity level of PA (Williams, 2017).

PA intervention duration ranged from 2 to 40 weeks,
with an average duration of 14.2 weeks. PA frequency per
week ranged from one to four sessions, while most carried
out PA three times per week. Session duration varied from
8 to 90 min, with an average of 40.6 min. In one study, the
sessions were isocaloric with a target of 350 kcal. After
measuring the individual workload, exercise session dura-
tion was calculated for each participant resulting in a mean
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session duration of 38.40 (4.36) min for the high intensity
group and 52.30 (6.52) min for the low intensity group
(Fidelix et al., 2019).

Risk of Bias

The individual evaluation of risk of bias for the respective
study is illustrated in Table 1 and the percentage of differ-
ent biases across the included studies is shown in Figure 2,
providing an overall indication of the risk of bias. Risk of
bias was rated as “low”, “some concerns” or “high” accord-
ing to the Cochrane assessment tool (Sterne et al., 2019).
The overall risk of bias was judged medium to high across
all studies. Main reasons for “some concerns” or “high”
ratings, were missing detailed information on the random-
ization process and allocation concealment before random-
ization, blinding researchers and participants, participants
from the intervention group spending more time with the
researcher potentially influencing the outcome and possible
deviations from the intended intervention especially when
participants were unsupervised.

Study Results Overview

The findings of the included studies are summarized in
Table 2. For those studies that did not calculate effect sizes,
effect sizes were calculated with the available data provided
in the respective studies (*). We calculated these effect sizes
in an attempt to make the results of studies comparable.

The overall picture of findings across all included studies
is very mixed: some studies report no effects at all (Eather
et al., 2019; Lima et al., 2022; Philippot et al., 2022), while
others describe large effect sizes in reducing anxiety (e.g.,
Broman-Fulks & Storey, 2008; Lucibello et al., 2019,
2020; Norris et al., 1992).

Nevertheless, Philippot et al. (2022) found that over the
course of the study, both groups (IG and CG) showed
reduced HADS anxiety scores, possibly resulting from the
general clinical environment, suggesting that PA did not
significantly contribute to the improvement. Similarly, Par-
ker et al. (2016), who added PA to their psychological inter-
ventions (including PST and Supportive Counseling), found
no significant differences between groups in regard to anx-
iety symptoms. Parker et al. (2016) found an overall reduc-
tion of BAI anxiety scores in all groups, indicating that PA
did not play a crucial role in reducing anxiety. Maurer
et al. (2020), could not demonstrate any effects of PA on
state and trait anxiety. As these studies included PA as an
adjunct treatment, it is impossible to disentangle the effects
of PA from those of the other interventions, which might
explain their null findings with respect to PA.

© 2025 Hogrefe Publishing

Bonhauser et al. (2005) report significant reductions of
anxiety symptoms in the PA group, indicating that PA
reduced anxiety. In Broman-Fulks and Storey (2008), anx-
iety sensitivity was reduced after the first session and
remained stable, indicating that one session of aerobic exer-
cise can reduce anxiety sensitivity (ES = large). Interest-
ingly, Lucibello et al. (2019) found that participants with
high anxiety scores (BAI score > 11) benefitted most from
PA and that the degree of the effect increased as training
progressed (ES = large). This effect could not be found in
the low anxiety severity group (BAI < 10).

In another study, Lucibello et al. (2020), compared a
HIIT intervention to a placebo-control group. Both inter-
vention groups showed significantly reduced anxiety (ES =
large), suggesting that PA was not more effective than the
placebo PA, but still reduced anxiety symptoms. The
authors also investigated resting-state proinflammatory
cytokines as immunological markers of anxiety, but no
changes in either group could be found. Interestingly, they
found that anxiety levels, is assessed by the BAI, moderated
cardiorespiratory fitness improvement. Only those with low
levels of anxiety (BAI < 10) in the HIIT group improved
cardiovascular fitness, while those with high levels of anxi-
ety did not, even though the participants trained with sim-
ilar workload and exercise intensity (Lucibello et al., 2020).

Sabourin et al. (2015), found that participants with high
anxiety sensitivity levels showed significantly reduced anx-
lety sensitivity levels (ES = large) in response to a running
intervention. In contrast, low anxiety sensitivity individuals
did not, indicating that people with higher anxiety levels
benefit more from running than those with low anxiety
levels. The authors interpret these effects in terms of inte-
roceptive exposure therapy. In an online-based HIIT inter-
vention combined with health education compared to
health education only, a main effect of time on anxiety
was found (ES = medium) but no significant treatment or
interaction effects. Still, anxiety symptom reductions in
the PA condition were greater than in the control group
(Y. Zhang et al., 2021).

The study by J. Zhang et al. (2021) compared psycholog-
ical counseling paired with outdoor PA with a routine health
education intervention. Results showed that both groups
significantly reduced anxiety (ES = small), with the PA
group presenting greater improvements than the control
group, indicating that a combination of psychological coun-
seling and outdoor activity is more effective than health
education alone.

Fidelix et al. (2019) compared high and moderate inten-
sity training combined with a multidisciplinary behavioral
intervention (clinical, psychological and nutritional counsel-
ing) in obese adolescents. Their results yielded significant
reductions in trait anxiety for both groups, with the high
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Table 1. Risk of bias assessment for each included study

D1a D1b D2 D3 D4 D5 Overall
Bonhauser et al. (2005) (/] (/] Q
Broman-Fulks & Storey (2008) %] n.a. %] %] %) %)
Eather et al. (2019) (/] n.a. o (/] o (/] o
Fidelix et al. (2019) (/] n.a. (] (/]
Lima et al. (2022) (/] (/]
Lucibello et al. (2019) n.a. (/] o ] ]
Lucibello et al. (2020) n.a. (/] (/] ] ]
Maurer et al. (2020) n.a. [x] [x] [x)
Norris et al. (1992) n.a. [x] [x] [x)
Parker et al. (2016) (/] n.a. (/]
Philippot et al. (2022) (] n.a. (] o (/] o (/]
Sabourin et al. (2015) n.a. (] (/] (%] (/] o
J. Zhang et al. (2021) (/] n.a. (] (/]
Y. Zhang et al. (2021) (/] n.a. (/] (/] (/]

Note. D1a = bias arising from the randomization process; D1b = Bias arising from the identification or recruitment of participants into clusters (only relevant
for cluster RCTs); D2 = bias due to deviations from intended interventions; D3 = bias due to missing outcome data; D4 = bias in measurement of the
outcome; D5 = bias in selection of the reported result; Overall = overall judgement of the risk of bias for the respective studies (Sterne et al., 2019).

intensity training presenting a larger effect size (ES = large)
than the moderate intensity group (ES = small). No signifi-
cant effect on state anxiety could be demonstrated. This
indicates that high intensity training may be beneficial in
terms of reductions in trait anxiety, at least for this sample.

Lastly, Norris et al. (1992), who also compared high and
moderate intensity aerobic activities, found that high inten-
sity training was more effective in reducing anxiety than
moderate intensity training (ES = large) over time.

Taken together these results suggest that PA interven-
tions may result in reduced anxiety, depending on the initial
anxiety level (those higher in anxiety benefit more) and on
intensity levels (higher training intensities are associated
with larger reductions in trait anxiety). Suggested mecha-
nisms include exposure to interoceptive signals during PA.

Discussion

This paper aimed at providing a systematic review of RCTs
focusing on PA interventions of at least moderate intensity
to reduce anxiety in adolescents and young adults.

Overall, the results indicate that PA is a promising inter-
vention as a stand-alone or add-on treatment for anxiety in
adolescents and young adults. The results of several studies
suggest that PA is more effective when compared to inac-
tive or no-treatment control groups (Bonhauser et al.,
2005; Broman-Fulks & Storey, 2008; Lucibello et al.,
2020), although there are also other reports not supporting
this finding (Eather et al., 2019; Lima et al., 2022; Maurer
et al., 2020).

European Journal of Health Psychology

A combination of psychological and PA interventions
showed small to large effects on reducing anxiety. In most
of these studies, the intervention group was compared to a
health education control group (J. Zhang et al., 2021; Y.
Zhang et al., 2021), where both groups reported reductions
in anxiety symptoms, albeit to a larger extent in the PA con-
dition. This indicates that combining psychological treat-
ment with PA seems to be more effective than routine
health education alone. A recent review (Thomas et al.,
2020) concluded a positive effect on psychological out-
comes, when psychological interventions are combined
with exercise or theory-based (e.g., behavioral activation)
PA alone, for various mental health conditions in adults.
One study included in this review (Parker et al., 2016),
found that simple psychological interventions with PA
based on behavioral activation were more effective than
the psychological interventions combined with lifestyle edu-
cation for depression, but not for anxiety. However, one
major shortcoming of this study is that PA was measured
through self-reports, an assessment which is known for its
poor validity and reliability (Helmerhorst et al., 2012).
Self-report measures of PA should always be comple-
mented by an objective measure of PA, for example, heart
rate or physical movement, monitored - for example - with
wearables.

Nevertheless, the evidence remains equivocal as findings
suggest that PA as add-on treatment is just as effective as
theory-based PA alone (Thomas et al., 2020). This raises
the question which one is more effective. If both are equally
effective, then PA may provide an effective alternative
affording physiological health benefits as well. Due to the
small number of studies, high heterogeneity between them

© 2025 Hogrefe Publishing
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Risk of Bias of Included Studies
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Figure 2. Risk of bias of included studies. D1a = bias arising from the randomization process; D1b = Bias arising from the identification or
recruitment of participants into clusters (only relevant for cluster RCTs); D2 = bias due to deviations from intended interventions; D3 = bias due to
missing outcome data; D4 = bias in measurement of the outcome; D5 = bias in selection of the reported result; Overall = overall judgment of the

risk of bias (Sterne et al., 2019).

and methodological shortcomings, no firm conclusions can
be drawn at this time (Thomas et al.,, 2020). Future
research should specifically compare the effects of PA inter-
ventions alone with psychological interventions to reduce
anxiety, and their combination. Especially in the field of
anxiety, evidence is scarce for adolescents and adults,
and more high-quality studies are needed.

Intensity

PA intensity levels are also important for any anxiety reduc-
ing effects. In the present review, most studies reported
intensities (10 out of 14 studies), and both moderate and
high intensities could be associated with positive outcomes
for anxiety. Overall, high intensity seems to be more effec-
tive than moderate intensity, although this could not be
confirmed in all studies (Eather et al., 2019). Unfortunately,
only two studies (Fidelix et al., 2019; Norris et al., 1992),
compared moderate intensity training directly with high
intensity training. Fidelix et al. (2019) showed that high
and moderate intensity training produce large and small
effect sizes respectively, indicating that high intensity train-
ing may be superior over moderate intensity training exer-
cise. In a similar vein, Norris et al. (1992) showed that high
intensity training was more effective than moderate inten-
sity training, suggesting that for adolescents a certain exer-
cise intensity is required to produce anxiety reducing
effects. Carter et al. (2021) were unable to draw any conclu-
sions on the recommended intensity level. In adult popula-
tions with anxiety disorders, the evidence indicates that

European Journal of Health Psychology

high intensity is more effective compared to low intensity
PA (Aylett et al.,, 2018). Nevertheless, this conclusion was
based on only five studies, and others have also criticized
the lack of studies reporting PA intensity (Stubbs, Vancamp-
fort, et al., 2017). In contrast, Henriksson et al. (2022)
showed low, moderate and high intensities to be all effec-
tive in decreasing anxiety symptoms. Findings from a
cross-sectional study indicate that PA intensity effects differ
for men and women, while optimal intensity for men is
higher and for women is lower (Asztalos et al.,, 2010).
Future studies should investigate the optimal intensity for
anxiety reducing effects of PA and consider potentially
moderating factors such as gender, age, motivation and ini-
tial fitness level.

Type of Physical Activity and Duration

Concerning the type of PA and duration of intervention,
there was considerable heterogeneity across the included
studies. Aerobic and resistance training (equipment and
bodyweight) or a combination of both, team sports and out-
door activities were all part of intervention protocols. Over-
all, aerobic and resistance training or a combination show
promising results in reducing anxiety symptoms, although
Eather et al. (2019) and Philippot et al. (2022) could not
demonstrate this. A recent narrative review made the same
observation (Camilleri, 2022). Similarly, for depressive ado-
lescents mostly aerobic exercise and a combination of aer-
obic and resistance training shows positive effects in
reducing depressive symptoms (Wang et al., 2022; Wegner
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et al.,, 2020). Future studies should compare aerobic train-
ing with resistance training and a combination of both to
identify the best type of activity for reducing anxiety.

For adult samples, results support beneficial effects of
both aerobic exercise (Aylett et al., 2018) and resistance
training (Gordon et al., 2017) in reducing anxiety. Results
indicate that aerobic exercise is only effective when com-
pared to waitlist or placebo control, but not when compared
to other control conditions (Bartley et al., 2013). A possible
explanation for these mixed findings is that aerobic and
resistance training may affect different anxiety-disorder
symptoms and underlying constructs, with resistance train-
ing affecting a larger range of anxiety-related factors than
aerobic training (LeBouthillier & Asmundson, 2017). In
their study of adults with anxiety-related disorders, aerobic
training was effective in reducing general psychological dis-
tress, anxiety, and stress, while resistance training reduced
disorder-specific symptoms, anxiety sensitivity, distress tol-
erance and tolerance of uncertainty (LeBouthillier &
Asmundson, 2017). This suggests that there may be differ-
ential effects of the type of exercise on anxiety facets, and
that, therefore, choosing the appropriate type of PA
depends on the targeted constructs for improvement.
Future research should investigate if those findings hold
in adolescent populations, as evidence is still scarce.

Frequency

In terms of duration, frequency of session and length of
intervention, in the present review these averaged 40.6
min per session, mostly 3 times per week for an average
length of 14.2 weeks. This is in line with usually reported
intervention and session lengths, ranging from 8 to 14
weeks and 20 to 30 min per session (Strohle, 2008). In a
systematic review on depression Wang et al. (2022) sug-
gested 30 min per session, 4 times a week for 6 weeks
for depressive adolescents and 75 to 120 min, 3 times a
week for 8 weeks for adolescents with depressive symptoms
for optimal results. It remains to be seen if this can be repli-
cated for anxiety disorders. Up to date, there is no consen-
sus on the concept of administration of PA interventions for
mental health issues, as it is often not controlled for (Biddle
et al.,, 2019). A possible guideline for this could be the rec-
ommended times by the WHO (Bull et al., 2020), with an
average of 60 min of moderate to vigorous PA per day
for adolescents and 150 to 300 min per week for adults.

Clinical vs. Non-Clinical Samples

A comparison of the effectiveness of PA intervention for
non-clinical and clinical populations is not trivial, as it

© 2025 Hogrefe Publishing

depends on the definition of the clinical status. In standard
clinical practice and research, mental disorders and clinical
caseness is determined based on the results of diagnostic
instruments (questionnaires and structured interviews),
which are based on classification systems (DSM-5 or ICD-
11). Those classification systems provide predefined symp-
tom criteria that need to be fulfilled to diagnose a specific
mental disorder (Newson et al., 2020). However, among
the wide range of available assessment tools, there is high
heterogeneity and inconsistency (Newson et al., 2020).
Thus, the assessment result depends on the chosen tool,
the questions asked in an interview, and the kind of symp-
toms (e.g., behavioral, cognitive or physical symptoms)
assessed (Newson et al., 2020).

As clinical significance is often operationalized based on
questionnaire results, in terms of symptom severity, partic-
ipants can be categorized into non-clinical, sub-clinical, or
clinical groups by using questionnaire specific cut-off
scores. Such cut-off-scores, however, draw a line between
normality and psychopathology, and people with subthresh-
old levels may not receive adequate treatment, as they do
not meet the necessary score for a diagnosis (Balazs
et al., 2013; Helmchen & Linden, 2000). Additionally, inpa-
tients in a clinical institution can be considered to have a
clinical status, as they have been diagnosed with a mental
disorder and/or comorbidities which may not necessarily
be an anxiety disorder.

All these points may distort the determination of clinical
status and introduce challenges in comparing research
studies, aiming at developing effective treatments (Newson
et al., 2020). This issue is apparent from the studies
included in this review. Only two studies included a clinical
sample, one with participants seeking help (Parker et al.,
2016) and one comprised of inpatients (Philippot et al.,
2022) already admitted for the treatment of anxiety and
depression symptoms. In Philippot et al. (2022), it was not
specified whether the participants were diagnosed with an
anxiety disorder or depression, plus they did present
comorbidities. No significant treatment effect for PA could
be found, but both groups showed reductions in anxiety
symptoms. It remains unclear from this study whether the
PA intervention was indeed ineffective, as all participants,
received multidisciplinary treatment, and control partici-
pants were allowed to participate in physical activities avail-
able at the hospital possibly interfering with the results
(Philippot et al., 2022). Parker et al. (2016), who included
help-seeking individuals with different mental disorders,
provided participants with a psychological intervention
(PST or Supportive Counseling) combined with behavioral
activation PA or lifestyle psychoeducation, but significant
changes in anxiety could be demonstrated across interven-
tion arms. Due to this combination of interventions and the
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poor measurement of PA, it is hard to isolate the effect of
PA on anxiety.

The other studies in this review included non-clinical
samples. Some studies, however, created subgroups by anx-
iety symptom severity (Broman-Fulks & Storey, 2008; Luci-
bello et al., 2019, 2020; Sabourin et al., 2015; J. Zhang et al.,
2021) to investigate the effects of PA on high or low anxiety
symptom severity. In Broman-Fulks and Storey (2008), par-
ticipants presented a score above the non-clinical mean,
and in Lucibello et al. (2019, 2020), high anxiety partici-
pants presented a functionally relevant anxiety score. Some
of those participants may have fulfilled the criteria for an
anxiety disorder and thus may have had a clinical status.
This shows that a clear definition of the clinical status of
participants needs to be provided and applied systemati-
cally to be able to compare the studies.

Anxiety Symptom Severity

The results of the current review suggest that participants
with high anxiety symptom severity benefit more from PA
interventions than low anxiety individuals when compared
to an inactive control group. This is in line with Carter et al.
(2021). Nevertheless, when PA is compared to a placebo or
health education group the results show that both reduced
anxiety symptoms in high anxiety individuals (Lucibello
et al., 2020; J. Zhang et al., 2021). This is in contrast to Car-
ter et al. (2021), who conclude that PA interventions are
more effective in clinical populations. This could also not
be supported by Philippot et al. (2022). A very small num-
ber of studies have investigated the effect of PA for general
and clinical populations of children and adolescents,
with mixed results (Biddle et al., 2019; Carter et al.,
2021). For adults diagnosed with an anxiety disorder,
results are also inconclusive, as some indicate significant
effects of PA on reductions in anxiety (Aylett et al., 2018;
Stubbs, Vancampfort, et al., 2017) and others do not (Bart-
ley et al., 2013).

The non-significance of effects for PA in low level anxiety
populations (Eather et al., 2019; Lucibello et al., 2019) can
be explained by the floor effect. Participants presenting
already low levels of anxiety at baseline, do not leave
much room for further reductions (Ensari et al., 2015),
potentially resulting in an effect size bias to the disadvan-
tage of PA.

Additionally, the included studies that yielded no effect
size investigated anxiety as a secondary outcome, indicat-
ing that anxiety levels might have already been low within
the sample. Future research should compare non-clinical
with clinical participants diagnosed with an anxiety disorder
or distinguish between low and high anxiety individuals
within a study and compare the effect of PA in reducing
anxiety in those specific target groups.

European Journal of Health Psychology

Delivery Mode of Physical Activity

The majority of the included studies used group-based
interventions, while four opted for individual delivery (Bro-
man-Fulks & Storey, 2008; Maurer et al., 2020; Parker
et al., 2016; Sabourin et al., 2015), whereas two did not
specify delivery mode (Fidelix et al., 2019; Lucibello
et al., 2019). In a study investigating the transdiagnostic
effects of group-based exercise interventions for a range
of mental disorders in adults, the intervention was effective
in reducing global symptom severity, specifically in anxiety
symptom severity (Zeibig et al, 2021). Nevertheless, it
remains unclear if group-based exercise interventions are
preferable to individually delivered interventions. Evidence
for established clinical-psychological interventions (CBT) is
inconsistent, as Zhou et al. (2019) found group-delivered
CBT to be more effective in reducing anxiety than non-
CBT interventions and control conditions. Conversely, in
their meta-analysis on the effectiveness of psychological
therapies for anxiety disorders in adolescents, Baker et al.
(2021), concluded that the delivery format did not signifi-
cantly moderate anxiety outcomes. In this regard, future
research should investigate the moderating effect of
group-based and individual intervention delivery formats.

Underlying Mechanisms

In terms of the mechanisms underlying any potential
effects of PA on anxiety levels, several factors have been
put forward including effects on neurotransmitters (e.g.,
dopamine), anti-inflammatory properties, cognitive restruc-
turing of symptoms, positive self-belief, self-efficacy, and
mastery (see Asmundson et al., 2013; Carter et al.,, 2021;
Kandola et al., 2018). Nevertheless, none of the studies
included in this review, specifically investigated the poten-
tial mechanisms underlying any anxiety reducing effects,
with perhaps the one exception of Sabourin et al. (2015)
who interpret these effects in terms of interoceptive expo-
sure therapy. Our current understanding of the specific
physiological and psychological mechanisms at play is still
very limited and needs more attention in future research
(Asmundson et al., 2013; Carter et al., 2021; Kandola
et al., 2018).

It is noteworthy that the benefits of PA go well beyond a
possible reduction in anxiety. Regular exercise has a posi-
tive impact on physical health, that current psychological
treatments do not provide. People with high levels of anxi-
ety are at an elevated risk for comorbid mental disorders,
physical health issues and increased mortality (Kandola &
Stubbs, 2020). On the one hand, people that are physically
inactive have higher odds of anxiety (Stubbs, Koyanagi,
et al,, 2017). On the other hand, people with anxiety also
have lower cardiorespiratory fitness, and are, therefore,
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again at higher risk for cardiovascular disease (Lucibello
et al, 2020). Regular PA is associated with reduced car-
diometabolic risk factors and other physical health out-
comes. Consistent engagement in PA from childhood
until young adulthood, predicts higher activity levels in
adulthood (Daniels et al., 2011). Therefore, an emphasis
on the importance of PA and its many benefits should be
part of any psychological intervention treating anxiety.

Methodological Quality Issues

A major issue in the research of the anxiety reducing effects
of PA concerns the overall low methodological quality of
the included studies, also noted in previous reviews (Biddle
et al,, 2019). Many of the studies involved only small sam-
ples and sometimes an uneven distribution of males and
females (Eather et al., 2019). Many studies did not control
for PA outside of the intervention setting, having a potential
influence on the outcome (Broman-Fulks & Storey, 2008).
Further, the studies are very heterogeneous and present a
large range in the duration, frequency, and length of inter-
vention, the type of PA and outcome measures. Some stud-
ies included PA as an add-on treatment for anxiety, where it
is very hard to isolate the part of the anxiolytic effect for
which PA is responsible if any. Comparability across studies
is, therefore, very limited. Additionally, none of the studies
was able to draw conclusions on the longer-lasting effects
of PA on anxiety, as no longer-term follow-up measure-
ments were carried out. Equally important is the possible
distortion of results due to self-report and response bias
(Rosenman et al., 2011).

Compared to the research on the effects of PA on anxi-
ety, depression has received much more attention, and
studies more conclusively confirm PA to be a viable alterna-
tive treatment for depression (Carter et al., 2016; Vogele,
2019). As mentioned by Biddle et al. (2019), research on
the effects of PA on anxiety seems to have stagnated.
The findings of this review support this, as only a very small
number of studies exist on this topic. Potentially, publica-
tion bias, more specifically selection bias, is involved. PA
as treatment for depression might have received more
attention due to its stronger and larger research base. Pos-
itive effects seem to be more consistent than with anxiety,
despite the fact that both anxiety disorders and depression
are comorbid in adolescents, with anxiety occurring before
depression (Essau, 2003).

An incomplete description and implementation of a con-
trol condition protocol may affect the reported effects of an
intervention. It has been recognized that the effect of the
intervention group is highly dependent on the selected con-
trol group (Mohr et al., 2009, 2014). In a meta-analysis,
Mohr et al. (2014) found that the choice of the control
group exerts a large influence on the later reported effects

© 2025 Hogrefe Publishing

of psychological treatments for depression. Waitlist and
treatment as usual control groups yielded the largest trial
effects, whereas placebo and active control groups pro-
duced smaller effects in favor of the psychological interven-
tion (Mohr et al., 2014). Similar observations can be made
when analyzing the results of the studies included in this
review. In Lucibello et al. (2019), a PA intervention was
compared to PA as usual group and found large effect sizes
in favor of the intervention, whereas in Lucibello et al.
(2020), a placebo control group was compared with the
PA intervention, where both groups significantly reduced
anxiety symptoms. Researchers should be aware of this
when deciding on and implementing control groups. Thus,
future studies should provide a detailed description of the
control conditions, which would improve our understanding
of the origin of possible anxiety-reducing effects of PA.

The risk of bias in the included studies is substantial. A
higher risk of bias reduces the confidence that true treat-
ment effects have been demonstrated by the studies (Vis-
wanathan et al., 2012). Main issues in the included
studies concerned unreported information on the random-
ization process and allocation concealment before random-
ization, and on blinding researchers and participants, that
possibly influenced effect sizes. Blinding participants par-
taking in the PA intervention, however, may be challenging,
due to the nature of the intervention (Parker et al., 2016).
To improve methodological quality of studies in the future,
efforts should be made properly to report information on
randomization and to blind participants and researchers
accordingly.

While evidence for the positive effects of PA on reducing
anxiety symptoms is promising, these shortcomings highlight
the fact that more high-quality RCTs, which constitute the
gold-standard in effectiveness research (Hariton & Locascio,
2018), are needed to close the existing research gap. Sug-
gested areas of focus are length, duration, frequency, and
type of PA (aerobic vs. resistance training) optimal for reduc-
ing anxiety symptoms. For this we suggest to design PA inter-
ventions in compliance with WHO-guidelines (Bull et al.,
2020). Furthermore, studies with non-clinical and clinical
populations, PA as stand-alone or add-on treatment with
long-term follow-up are required. Moreover, a better under-
standing of the underlying mechanisms responsible for the
anxiety reducing effects of PA needs more research. Future
research should also investigate any moderating effects of
gender, individual beliefs, fitness level, targeted symptoms
and different anxiety disorders. All this is needed to establish
prescription-like PA to reduce anxiety.

Limitations

The present review has several limitations. First, the
searches were conducted in a limited number of databases.

European Journal of Health Psychology



https://econtent.hogrefe.com/doi/pdf/10.1027/2512-8442/a000168 - Thursday, February 20, 2025 4:29:56 AM - |P Address:2a02:810b:4880:5e00:f455:382:2914:4831

T. Aumer & C. Vogele, Anxiety Reducing Effects of PA

It cannot be ruled out, therefore, that not all existing studies
could be retrieved. Similarly, as we did not carry out an
extensive grey-literature search, a grey-literature bias can-
not be excluded. Second, only studies published in English
were included. To improve this, future reviews should
include studies publications in other languages, in addition
to English. Third, the appropriate application of the RoB2
tool is highly complex, time-consuming, and subjective, as
the judgment of bias is dependent on the reviewer’s
methodological knowledge and expertise, with previously
reported interrater reliability being very low (17% same
judgments) (Minozzi et al., 2020). In the present review
only one author conducted the RoB assessment, thus no
inter-rater comparison can be provided. This constitutes a
source of bias influencing the conclusions drawn in the
review. Fourth, the present review focused on adolescents
and young adults, reducing the generalizability of results
to other age groups. In addition, this age range is character-
ized by potential developmental differences, which may
well influence the efficacy and effectiveness of PA
interventions.

Conclusion

PA as a treatment for adolescents and young adults is
promising. Many findings indicate that PA is a viable adjunct
treatment for anxiety for adolescents and young adults. PA
interventions are easily accessible alternative to the cur-
rently available psychological and pharmacological thera-
pies that are often time-consuming, expensive, and with
undesired side effects. In addition, being physically active
has a positive impact on overall health and should therefore
alone be considered in all psychological treatment. The
research field is still in its early stages, and future high-qual-
ity studies are needed on the exact duration, frequency and
type of activity that is required to achieve anxiolytic effects.
Furthermore, little is known about the possible underlying
mechanisms responsible for anxiety reducing -effects.
Acquiring more knowledge is crucial to be able to develop
effective and personalized PA interventions to treat anxiety
in adolescents and young adults. Most importantly, future
investigations should prioritize research areas such as com-
parative effectiveness studies, mechanistic research, and
intervention optimization strategies.

Electronic Supplementary Materials

The following electronic supplementary material is avail-
able with this article at https://doi.org/10.1027/2512-
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