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Background: There is emerging evidence that physical activity can have beneficial effects on anxiety. A
comprehensive synthesis of the evidence of the anxiolytic effects of physical activity from randomised controlled
trials (RCTs) in children and young people (CYP) is warranted.

Methods: A search of 13 databases was conducted to identify RCTs testing the effects of physical activity on
anxiety symptoms in children and young people (up to 25 years). Screening, data extraction and risk of bias
assessment (using the Cochrane Collaboration tool for assessing risk of bias) were independently undertaken by
two study authors. The primary analysis used a random effects model to compare the effect of physical activity
interventions to no intervention or minimal intervention control conditions on state anxiety, assessed using
validated, self-report measures.

Results: Of the 3590 articles retrieved, 22 RCTs were included, with nine included in the primary meta-analysis.
The overall standardised mean difference was 0.54 (95% CI -0.796, -0.28), representing a moderate improvement
in state anxiety, compared to no intervention or minimal intervention control conditions. Physical activity was
also found to produce significantly superior effects on state anxiety when compared to a time and attention-
controlled group.

Limitations: The studies are of low quality overall, and there are a limited number of studies included in the meta-
analyses therefore limiting the precision of results.

Conclusions: Physical activity may be a useful approach to addressing anxiety symptoms in children and young
people, however, further trials of clinical populations are required to determine the effectiveness of physical
activity as a treatment of anxiety disorders.

1. Introduction (La Forge, 2005). For the purpose of this review, physical activity is used

as an umbrella term.

Physical activity is defined as “any bodily movement produced by
skeletal muscles that results in energy expenditure” (Casperen et al.,
1985 p. 126), and involves a wide range of subsets (e.g., sports, long
hikes, etc), including exercise, which is defined as “repeated physical
activity that is planned, structured and repeatedly done in order to
improve or maintain physical fitness” (Casperen et al., 1985 p. 126), and
mindful exercise, which represents a connection between mind and
body, executed with a profound inwardly directed contemplative focus
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Physical activity is gaining increasing attention as a viable and
potentially effective approach to prevent and treat a range of mental
health problems in both adults (Aylett et al., 2018) and children and
young people [CYP] (Pascoe et al., 2020). There is now convincing ev-
idence with regard to physical activity as a treatment for depression,
with a number of systematic reviews and meta-analyses reporting pos-
itive results across the various age ranges (Bailey et al., 2018; Morres
et al., 2019). Further, a recent meta-review of meta-analyses reported
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that physical activity leads to consistently positive effects on depressive
symptoms in both clinical and nonclinical samples of children and ad-
olescents with no negative side effects (Wegner et al., 2020). The ther-
apeutic effects of physical activity on anxiety in children and young
people, however, is less well established. A recent systematic review of
physical activity for adults with clinically significant anxiety found that
it produced a moderate treatment effect compared to a waitlist control
condition, and although physical activity may represent a viable treat-
ment option, caution is recommended due to the limited number of
studies and substantial variation between studies in terms of physical
activity modalities (i.e. aerobic, resistance etc.), intensity and duration
(Aylett et al., 2018; Stubbs et al., 2017).

Several hypotheses have been proposed and examined to elucidate
the mechanisms of the effects of physical activity on anxiety symptoms.
Physical activity, when undertaken vigorously, increases body temper-
ature and has been shown to induce a state of ‘whole body’ warming that
in turn reduces tension and neural motor activity. As intensity increases,
so does body warming, and this explains the anxiety inducing effect. As
intensity decreases, the body cools and anxiety returns to its pre-
physical activity level — the -so-called thermogenic model (Petruzzello
et al., 1991). However, studies testing the thermogenic hypothesis have
shown mixed results on anxiety related outcomes (DeBoer et al., 2012).

On the other hand, when physical activity is undertaken at low in-
tensities, and the focus of the activity is on bodily movement and present
moment awareness (i.e. mindfulness) there are other mechanisms that
may account for the potential anxiolytic effect. For example, mindful
based stress reduction programs comprising sitting/walking meditation
and yoga exercises are associated with better function of various brain
regions, which play a beneficial role in emotional regulation among
patients with anxiety. This beneficial role is recorded via a series of
mechanisms including decreased activation of amygdala, increased
activation of ventrolateral prefrontal cortex and increased functional
connectivity in the amydgala prefrontal cortex (Holzel et al., 2013).

Serotonin and noradrenaline changes are evident in people diag-
nosed with depression and anxiety and medicines addressing these
changes appear to elevate mood and reduce reports of anxiety (Yeragani
et al.,, 2003). These confirm observations from animal studies,
notwithstanding the difficulties of extrapolation. Other animal studies
suggest a link between low levels of atriopeptide, a cardiac hormone,
and fear in rats. Thirty minutes of physical activity at 70% maximum
heart rate is shown to enhance atriopeptide uptake, hinting at its role in
reducing panic attacks in patients with panic disorder (Strohle et al.,
2001).

Exposure therapy, derived from the extinction learning model, is a
widely recognised, effective treatment for anxiety in clinical populations
(Parker et al., 2018). Physical activity has been proposed to impact on
anxiety through a similar process, i.e. through extended exposure to
feared bodily symptoms, such as elevated heart and respiration rates,
thus leading to habituation.

Research points towards physical activity increasing self-efficacy,
which is an individual’s perceived ability to overcome challenges, and
a high degree of self-efficacy is linked to reduced anxiety levels in older
adults (McAuley et al., 2008). Additionally, at its most simple level,
physical activity is proposed to provide a distraction from everyday
worries which in turn reduces state anxiety (Bahrke et al., 1978; Breus
et al.,, 1998; Hassmén et al., 2000) which is defined as a transitory
emotional state consisting of apprehension, nervousness, and physio-
logical symptoms including increased heart and breathing rate (Spiel-
berger, 1983).

Although multiple potential explanations exist that may explain how
physical activity exerts an effect on anxiety, it is important to consider
that the underlying mechanisms of physical activity on any mental
health problem is likely based on a complex interplay of biopsychosocial
factors and such factors are likely highly idiosyncratic to the individual,
based on their prior beliefs and experiences of physical activity.

A recent scoping review of the preventative potential of physical
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activity across mental health conditions identified that physical activity
may hold some promise with regard reducing non-clinical anxiety
symptoms in young people (Pascoe et al., 2020). However, there has
been no rigorous systematic review and meta-analysis of physical ac-
tivity for anxiety, in both clinical and non-clinical populations of chil-
dren and young people since 2004, when a Cochrane review including
six randomised controlled trials reporting a non-significant trend in
favour of physical activity, compared to no intervention in a general
population of CYP (Larun et al., 2006).

Considering that the majority of mental health problems develop in
the first three decades of life (de Girolamo et al., 2012), and anxiety
disorders are the most prevalent mental health condition in adults
throughout the world (Bandelow et al., 2015), the need for effective
approaches for reducing anxiety in young people is paramount. The
current review seeks to determine the effect of physical activity-based
interventions on state and prolonged state anxiety, in children and
young people, in both clinical and non-clinical populations.

2. Methods

This study was conducted following the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher
et al., 2009). A prospective protocol for the systematic review has been
previously published in PROSPERO [CRD42018092204] (Carter et al.,
2018).

2.1. Eligibility Criteria

2.1.1. Inclusion criteria

Studies were eligible that included children, adolescents, and young
adults aged up to 25 years. Studies had to include a physical activity-
based intervention that could include motivational / coaching /
behavioural-oriented, individual or group-based interventions. Studies
could include the following control conditions: No intervention or wait-
list; any non-physical activity based intervention; attention controls; or
treatment (physical activity) as usual. Studies needed to include at least
one outcome measure of anxiety symptoms at post intervention using
validated instruments such as the State-Trait Anxiety Inventory for
Children (STAIC) or the State-Trait Anxiety Inventory for Adults (STAI).
Only RCTs (individual and cluster) were included, however these could
be published or unpublished, and had to be available in the English
language.

2.1.2. Exclusion criteria

Studies that included a sample with a mean age outside the specified
age range were excluded. Moreover, studies testing a physical activity
intervention that was specifically designed to treat mental health
problems other than depression or anxiety disorders, or were designed
to target mental health problems for people with intellectual disability
were excluded. Moreover, interventions consisting of a single session of
physical activity and studies that induced anxiety prior to participants
undertaking physical activity were excluded. Non-RCT designs were also
excluded (Albee, 1996).

2.2. Search strategy

Searches were undertaken in April 2018. Articles were obtained by
searches of the electronic databases MEDLINE (plus PubMed), EMBASE
(Excerpta Medica), PsycINFO, Cumulative Index to Nursing and Allied
Health Literature (CINAHL), Scopus, Science Citation Index and Con-
ference Proceedings (Web of Science), ClinicalTrials.gov, Cochrane
Central Register of Controlled Trials (CENTRAL), SPORTDiscus, Evi-
dence Finder (Orygen). Online databases of grey literature searched
were: OpenGrey and ProQuest Dissertations & Theses (PQDT).

The search strategy incorporated Medical Subject Heading (MeSH)
terms in three areas: Population, intervention, and outcomes. The search
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was optimised using the ‘RCTs (plus cluster)’ clinical search filter rec-
ommended by the Centre for Reviews and Dissemination (CRD 2009).
Hand-searches of public online databases and contacts with field experts
were also conducted. Three syntax sets were used in combination with
the MeSH terms above for searching Medline, EMBASE and PsycINFO
(see Table 1). Relevant authors were contacted when full text articles
were not available, there was insufficient information provided for the
inclusion criteria to be applied and there were insufficient details re-
ported on the outcomes.

The search was updated on 27.11.2020 in the following databases:
Medline, CINAHL and PsycINFO.

2.3. Study selection

Sourced studies were imported into Covidence Online Software
(https://www.covidence.org). Two independent reviewers screened
studies for relevance based on titles/abstracts and later full-texts (TC
and MP) with disagreements resolved through discussion or by consul-
ting a third reviewer (AB).

2.4. Data extraction

Data were extracted using Covidence Online Software and a pre-
designed form including study design, study location, studied out-
comes, sample size, participant characteristics and intervention/control
characteristics, and information for assessment of the risk of bias and
variables related to study quality. Pre and post intervention means (M),
standard deviations (SD) and sample sizes (n) were extracted. Data was
extracted independently by two of three reviewers (TC, AlB and MP).

2.5. Risk of bias in individual studies

The methodological quality of the included studies was indepen-
dently assessed by two of three reviewers (MP, IDM, AB), using the
Cochrane Collaboration tool for assessing risk of bias (Higgins et al.,
2011) and recorded using Covidence Online Software. Due to the nature
of the studies reviewed, blinding of participants and personnel was not
assessed as it is not possible to blind the person delivering or receiving
the physical activity intervention. To best capture the current state and
quality of research in this field, studies were not excluded based on
quality assessment, and thus all eligible articles were included. The
evaluation of methodological quality of reviewed RCTs appears to be an

Table 1
Syntax sets used for searching Medline, EMBASE and PsycINFO.

Population Student* OR child$3 OR adolescen$3 OR young adj3 adult* OR
young adj3 people OR youth OR school* OR paediatric* OR
pediatric* OR college adj3 student* OR juvenile OR puberty$ OR

education OR early adj3 adulthood OR young adj3 adult*

Intervention  Aerobic OR anaerobic OR exercise* OR physical adj3 activity OR
physical adj3 exercise OR exercise adj3 intervention OR yoga OR
social adj3 support OR obesity OR mindfulness OR weight loss OR
fitness OR sport* OR muscle* OR physical adj3 education OR
physical adj3 train$3 OR physical adj3 condition OR physical adj3
strength OR resistance adj3 exercise OR resistance adj3 training
Depression OR depressive OR depress$2 adj3 symptom* OR risk
adj3 depress$3 OR anxiety adj3 symptom* OR anxiety OR therapy
adj5 depression OR depression adj3 treatment OR diagnosis adj3
depression OR prevention adj3 depression OR stress OR negative
adj3 mood OR mental health OR well being OR well-being OR
wellbeing OR dysthymic adj3 disorsder* OR stress adj5 disorder* OR
anger OR nervousness OR anxiousness OR sadness OR dysthymia OR
dysphoria OR despair OR obsessive adj3 disorder* OR compulsive
adj3 disorder* OR internalising adj3 symptom* OR internalizing
adj3 symptom* OR externalising adj3 symptom* OR externalizing
adj3 symptom* OR phobic adj3 disorder* OR social adj5 anxiety OR
therapy adj5 anxiety OR prevention adj5 anxiety OR treatment adj5
anxiety OR diagnosis adj5 anxiety OR dysthymic OR phobia OR
panic adj3 disorder

Outcomes
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essential part in meta-analytic studies reviewing treatment effects
because high risk of bias is linked to overestimation of intervention ef-
fects (Moher et al., 1998; Schulz, 2001; Schulz, Hayes, Altman, 1995).

2.6. Summary measures

For the meta-analysis of state anxiety we report the standardised
mean difference (SMD), where the MD in each study is divided by the SD
to create an index that is comparable across studies (Borenstein, 2009)
as studies included in the meta-analysis used different outcome mea-
sures that could not be converted to a common scale (Borenstein, 2009).
The Hedges’ G (g), form of the SMD was used as this corrects small
numbers of comparisons (< 20), and was interpreted based on Cohen’s
approach where effect sizes of .20, 50, and .80 are considered small,
moderate and large, respectively (Cohen, 1992). Results using com-
pleters only were used only when intention-to-treat (ITT) results were
not reported. We report the confidence interval (CI), the Z-value and
p-value. Heterogeneity is reported as follows. The Q-statistic provides a
test of the null hypothesis that all studies in the analysis share a common
effect-size. The I statistic shows what proportion of the observed vari-
ance reflects differences in true effect-sizes rather than sampling-error
(Borenstein, 2009).

2.7. Data analysis

Meta-analysis was undertaken using Comprehensive Meta-Analysis
Software Version 3 (CMA Version-3). The primary analysis compared
the effect of the intervention compared to the control group on state
anxiety. A funnel plot was used to look for any publication bias, this is
presented in the appendix. Sensitivity analyses were performed using
‘one-study-removed’; results of this are only presented in text when
removal of a study affected the outcome. A random-effects model was
used in all analyses, weighting the studies based on the sample size/
standard error. In cases when pre-post correlations were not reported in
the published papers, we used a 0.5 correlation.

3. Results
3.1. Study selection

A PRISMA flow-diagram shows the selection of papers for inclusion
and exclusion (Fig. 1). A total of 3590 articles were retrieved, of which
71 were duplicates. 3400 studies were excluded following title and ab-
stract screening, and 98 were excluded following the full text screen.
Ultimately 22 studies were included within the narrative synthesis, with
nine included in the meta-analysis.

3.2. Study characteristics
Study specifications are listed in Table 2.
3.3. Design

The majority of the included studies undertook randomisation at an
individual level, with three randomising clusters (Melnyk et al., 2013;
Melnyk et al., 2009; Noggle et al., 2012).

Ten studies compared one or more physical activity interventions
with a single no intervention, minimal intervention or waitlist control
condition (Caldwell et al., 2016; Kanojia et al., 2013; Kim et al., 2013;
Kim et al., 2004; Maurer et al., 2020; Noggle et al., 2012; Norris et al.,
1992; Papp et al., 2019; Robert-Mccomb et al., 2015; Smits et al., 2008).

Twelve studies compared a physical activity intervention with an
active, no physical activity control: two with physical activity as usual
(Bao, 2014; Khalsa, 2012); four with a form of psychotherapy (Jelalian
et al., 2011; Mailey et al., 2010; McEntee, 1996; Parker et al., 2016);
three with a form of mindfulness, alongside a separate no intervention or
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Records identified through
database searching
(n=3590)

Additional records identified
through other sources

(n=0)

(n=3518)

Records after duplicates removed

Records screened
(n=3518)

Records excluded
(n=3400)

for eligibility
(n=120)

Full-text articles assessed

Full-text articles excluded, with

reasons
(n=98)

- Non-RCT (n=19)

- Mean age not 0- 25 years (n=21)

(n=22)

Studies included in

qualitative synthesis

- No anxiety outcome using validated
instrument (n=26)

- Intervention comprised of a single session
or contact (n=15)

|

- Anxiety confined to a specific
activity/situation (i.e. video games) (n=3)

(meta-analysis)
(n=9)

Studies included in

quantitative synthesis

- No non-physical activity control condition
(n=3)

- Intervention targeted physical health
condition or disease (n=3)

- Not available in English (n=3)

- Duplicate records (n=2)

- No physical activity/exercise intervention
(n=2)

- Outcome was a laboratory induced state of
anxiety (n=1)

Fig. 1. Prisma Flow diagram.

waitlist control condition (Call et al., 2014; Falsafi, 2016; Gallego et al.,
2014); and three with a health education control condition (Melnyk
et al., 2013; Melnyk et al., 2009; Sabourin et al., 2016).

3.4. Sample

Group sample sizes ranged from 9-779 participants. The mean/me-
dian age of the samples was between 14.2 — 25 years. Most studies
included all sex and genders, with three studies including females only
(Call et al., 2014; Kanojia et al., 2013; Sabourin et al., 2016), and one
study including males only (Robert-Mccomb et al., 2015). No studies
reported including people identifying as gender diverse or non-binary.
Twelve of the studies consisted of University or College students
(Caldwell et al., 2016; Call et al., 2014; Falsafi, 2016; Gallego et al.,
2014; Kim et al., 2013; Kim et al., 2004; Mailey et al., 2010; McEntee,
1996; Papp et al., 2019; Robert-Mccomb et al., 2015; Sabourin et al.,
2016; Smits et al., 2008); six studies comprised of school children/young
people (Bao, 2014; Khalsa, 2012; Melnyk et al., 2013; Melnyk et al.,
2009; Norris et al., 1992); three studies included individuals from the
general community population (Kanojia et al., 2013; Maurer et al., 2020;
Smits et al., 2008); one study included only individuals who were
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overweight (Jelalian et al., 2011); and one study included individuals
who were seeking support for anxiety (Parker et al., 2016). Eighteen
studies included non-clinical samples (i.e. not presumed or measured to
be experiencing clinical levels of anxiety or other mental health prob-
lems) and four studies included clinical samples: in two studies partic-
ipants scored over a threshold for anxiety on a clinical tool (Call et al.,
2014; Parker et al., 2016); in one study participants were receiving
counseling (Mailey et al., 2010); and in one study, participants had a
diagnosis of depression or anxiety disorder (Falsafi, 2016).

3.5. Outcome measures and outcome data collection

Anxiety symptoms were measured using self-report outcome mea-
sures in all studies. Seven studies used the State-Trait Anxiety Inventory
(Spielberger, 1983) (Caldwell et al., 2016; Kim et al., 2013; Kim et al.,
2004; Mailey et al., 2010; Maurer et al., 2020; McEntee, 1996; Rob-
ert-Mccomb et al., 2015); three studies used the Beck Anxiety Inventory
(Beck et al., 1988) (Parker et al., 2016; Sabourin et al., 2016; Smits et al.,
2008); two studies used the Depression and Anxiety Stress Scales
(Lovibond et al., 1995) (Call et al., 2014; Gallego et al., 2014); two used
the Beck Youth Inventory second edition (Beck et al., 2005) (Melnyk
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Table 2

Characteristics of included studies.
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Author Country Design Unit of =~ Sample Participants (n); mean Anxiety Intervention Time of Study results Post
allocation; age/age range (years); gender Outcome duration assessment Post intervention Mean (SD)
number of trial (% female); clinical status; Outcome (weeks) intervention (PI); for anxiety outcomes™
arms setting measure; state, Follow-up

trait, disorder (months)
specific

Bao et al (2014) China Individual; 2 School students (n=160); PHCSCS; state 52 PI, NA Intervention: 6.51
14.7yrs; all genders (53%); non-  (using subscale) (2.19) No intervention
clinical; school setting control: 5.28 (2.9)

Caldwell et al USA Individual; 3 College students (n =75); STAI-S; state 10 PL, 2 Not reported

(2016) 21.1yrs; all genders (68%) non-
clinical; community and college
setting

Call et al (2014) USA Individual; 3 Female Undergraduate students DASS-21; state 3 PI, NA Intervention: 1.41
(n=91); 22.73yrs; female only (0.42) No intervention
(100%); clinical (>45 on control: 1.78 (0.77)
PSWQ); University setting Active control: 1.34

(0.43)

Falsafi (2016) USA Individual; 3 Undergraduate students (n=90); Hamilton Anxiety 8 P 3 Intervention: 14.5 (8.3)
22.1yrs; all genders (86%); Scale; state No intervention control:
clinical (diagnosis of depression 20.3 (8.4) Active
or anxiety disorder); University control: 13.8 (9.1)
setting

Gallego et al Spain Individual; 3 University students (n=125); DASS-21; state 8 PI, NA Intervention: 5.09

(2014) 20.1yrs; all genders (58%); non- (5.05) No intervention
clinical; University setting control: 6.52 (3.76)
Active control: 3.46
(2.41)
Jelalian et al USA Individual; 2 Overweight adolescents (30- SAS-A; social 8 PI, 12 Intervention: 40.41
(2011) 90% median BMI) (n=89); 14.2 anxiety (12.57) Active control:
yrs; all genders (69%); non- 36.47 (10.54)
clinical; community setting
Kanojia et al India Individual; 2 Healthy women general Defense Institute 12 PI, NA Intervention: 40.8
(2013) population (n=34); 18.3 yrs; of Physiology and (5.75) No intervention
female only (100%); non- Allied Sciences control: 43.8 (7.06)
clinical; community setting Inventory; trait
Khalsa et al USA Individual; 2 High school students (n=121); POMS-SF; state 11 PI, NA Not reported
(2012) 16.8 yrs; all genders (42%); non-
clinical; high school setting
Kim et al (2004) South Individual; 2 Female University students STAI-S; state 6 PI, NA Intervention: 74.54
Korea (n=26); 19-21 yrs; female only (0.47) ¥ No intervention
(100%); non-clinical; University control: 58.1 (0.37)%
setting

Kim et al (2012) USA Individual; 2 University students (n=30); 24.8 STAI-T; trait 4 PI, NA Intervention: 1.8 (0.54)
yrs; all genders (no data No intervention control:
reported); non-clinical; High 2.21 (0.4)
school setting

Mailey et al USA Individual; 2 University students (n=47); 25 STAL-S; state 10 PI, NA Intervention: 44.05

(2010) yrs; all genders; (68.1%) clinical (18.02) Active control:
(receiving counselling); 47.23 (9.29)
University setting
Maurer et al Germany  Individual; 2 Healthy volunteers (n=59; 24.5 STAI-T; trait 26 PI, NA Not reported
(2020) yrs (intervention arm) 23.7 yrs STAI-S; state
(control arm); all genders (50%);
non-clinical; Community setting
McEntree et al USA Individual; 3 Undergraduate students (n=60); STALI; state/trait 6 PL, 2 Not reported
(1996) (plus non- 20.2 yrs; all genders (77%); non-
random clinical; University setting
control)
Melnyk et al USA Cluster; 2 Hispanic, high school students BYI-II; state 9 PI, NA Intervention: 50.64
(2009) (n=19); 15.5 yrs; all genders (8.7) Active control:
(68%); non-clinical; High school 48.33 (10.41)
setting
Melnyk et al USA Cluster; 2 High school students (n=779); BYI-II; state 15 PL, 6 Intervention: 47.64
(2013) 14.7 yrs; all genders (52%); non- (8.97) Active control:
clinical; High school setting 46.91 (8.29)
Noggle et al USA Cluster; 2 High school students (n=51); POMS-SF; state 10 PI, NA Intervention: 5.1 (3.6)
(2012) 17.2 yrs; all genders (57%); non- No intervention control:
clinical; High school setting 9.3 (5.8)
Norris et al (1991) UK Individual; 3 Secondary school (n= 80); 16.7 Multiple Affect 10 PI, NA Intervention: 4.21

(plus non-
random
control)

yrs; all genders (48%); non-
clinical; School setting

Adjective Check
List; state

14

(2.08) Intervention: 7.8
(2.25) Intervention:
5.46 (2.59) No
intervention control: 9.3
(4.14)

(continued on next page)
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Table 2 (continued)
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Author Country Design Unit of =~ Sample Participants (n); mean Anxiety Intervention Time of Study results Post
allocation; age/age range (years); gender Outcome duration assessment Post intervention Mean (SD)
number of trial (% female); clinical status; Outcome (weeks) intervention (PI); for anxiety outcomes™
arms setting measure; state, Follow-up

trait, disorder (months)
specific
Parker et al Australia Individual; 4 Help-seeking young people BAI, state 6 PI, NA Intervention: 6.06
(2016) (n=176); 17.6 yrs; all genders (1.05) Active control:
(61%); clinical (elevated 7.88 (1.06)
symptoms on K10); community
setting
Robert-McComb USA Individual; 2 Undergraduate male students STALI; state/trait 8 PI, NA Intervention: 27.6 (7.5)
et al (2015) (n= 27); 22.2 yrs; male only No intervention control:
(0%); non-clinical; University 29.7 (8.7)
setting
Papp et al (2019) Sweden Individual; 2 University students (n=54); 25 HADS; state 6 PI, NA Intervention: 7.4 4.2)
yrs (median); all genders (86%); No intervention control:
non-clinical; University setting 7 (4.3)
Sabourin et al Canada Individual; 2 Undergraduates females (scoring ~ BAI state 14 PI, NA Not reported
(2016) +-1SD of mean anxiety
sensitivity for university
women) (n=154); 18.8 yrs;
females only (100%); non-
clinical; University setting
Smits et al (2008) USA Individual; 3 University students (elevated BAI, state 2 PI, NA Intervention: 10.19

anxiety sensitivity scores) (n=
60); 20.7 yrs; all genders (75%);
non-clinical; community and
University setting

(6.54) No intervention
control: 18.26 (10.24)

BAI= Beck Anxiety Inventory; BYI-II = Beck Youth Inventory 2nd edition; DASS-21 = The Depression, Anxiety and Stress Scale - 21 Items; HADS = Hospital Anxiety
and Depression Scale; NA=Not applicable; PHCSCS =;POMS-SF = Profile of Mood States-Short Form; PHCSCS= Piers-Harris Children’s Self-Concept Scale; PI =Post
intervention; SAS-A = Social Anxiety Scale for Adolescents; STAI=State-Trait Anxiety Inventory

¥This data was not included in the meta-analyses as it is inconsistently discussed in the article (reported as in favour of intervention) and the SDs appear to be unusually

small in comparison to the means

+When trait and state anxiety have been collected only state anxiety outcomes are reported

et al., 2013; Melnyk et al., 2009); two studies used the Profile of Mood
States [short version] (Shacham, 1983) (Khalsa, 2012; Noggle et al.,
2012); one used the Hamilton Anxiety Rating Scale (Falsafi, 2016); one
study used the Multiple Affect Adjective Check List (Shackelford;
Zuckerman et al., 1965) (Norris et al., 1992); one study used the Hos-
pital Anxiety and Depression Scale (Snaith, 2003) (Papp et al., 2019);
one study used the Defense Institute of Physiology and Allied Sciences
Inventory (Kanojia et al., 2013); one study used the anxiety subscale of
the Piers-Harris Children’s Self-Concept Scale (Piers et al., 1964) (Bao,
2014); and one study used the Social Anxiety Scale for Adolescents (La
Greca et al., 1998) (Jelalian et al., 2011)

Sixteen studies measured state or prolonged state anxiety only; two
studies measured trait anxiety only (Kanojia et al., 2013; Kim et al.,
2013); three studies measured state and trait anxiety (Maurer et al.,
2020; McEntee, 1996; Robert-Mccomb et al., 2015); and one study
measured social anxiety symptoms (Jelalian et al., 2011).

Post intervention outcome data collection ranged from 2-52 weeks
from baseline with a mean across the studies of 11 weeks. Five studies
included a follow up outcome assessment (Caldwell et al., 2016; Falsafi,
2016; Jelalian et al., 2011; McEntee, 1996; Melnyk et al., 2013), ranging
from 2-12 months.

3.6. Intervention characteristics

The interventions and control groups in each study varied in their
components or type of physical activity, frequency and duration as re-
ported in Table 3.

Eight studies included a yoga or mindfulness based physical activity
intervention (Call et al., 2014; Falsafi, 2016; Kanojia et al., 2013;
Khalsa, 2012; Kim et al., 2013; Kim et al., 2004; Noggle et al., 2012;
Papp et al., 2019). Five studies included an aerobic physical activity
(APA) intervention such as running or cycling (Maurer et al., 2020;
McEntee, 1996; Norris et al., 1992; Sabourin et al., 2016; Smits et al.,
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2008), with one study including both high and low intensity APA in-
terventions (Smits et al., 2008). Four studies included an APA or
sports-based physical activity intervention alongside or integrated as
part of a form of psychotherapy (Jelalian et al., 2011; McEntee, 1996;
Parker et al., 2016; Smits et al., 2008). Three studies included a Tai
Chi-based physical activity intervention (Bao, 2014; Caldwell et al.,
2016; Robert-Mccomb et al., 2015). Three studies included a
sports-based physical activity intervention (Gallego et al., 2014; Melnyk
et al., 2013; Melnyk et al., 2009), with two of these studies also incor-
porating educational classes (Melnyk et al., 2013; Melnyk et al., 2009).
One study was of unspecified specific modality of physical activity
(Mailey et al., 2010).

Thirteen of the physical activity interventions were delivered in a
group format (Bao, 2014; Caldwell et al., 2016; Call et al., 2014; Falsafi,
2016; Khalsa, 2012; Kim et al., 2013; Kim et al., 2004; Melnyk et al.,
2013; Melnyk et al., 2009; Noggle et al., 2012; Norris et al., 1992; Papp
et al., 2019; Robert-Mccomb et al., 2015). Six interventions were
delivered individually, or one to one (Mailey et al., 2010; Maurer et al.,
2020; McEntee, 1996; Parker et al., 2016; Sabourin et al., 2016; Smits
et al., 2008), and the remaining three did not report this information, or
it was unclear.

Three studies reported that the physical activity intervention was
unsupervised (Mailey et al., 2010; Parker et al., 2016; Sabourin et al.,
2016). Two studies did not report if the intervention was supervised or
not (Kanojia et al., 2013; Melnyk et al., 2009), and the remaining studies
(n=17) reported that the physical activity interventions were super-
vised, with one reporting supervised and unsupervised components
within their intervention (Maurer et al., 2020)

The majority of the studies did not report the intensity of physical
activity undertaken by intervention participants (n=18) (see Table 3 for
reviewers’ judgement of the likely intensity of each of these in-
terventions based on intervention description and modality). Two
studies reporting the interventions were at vigorous intensity (Maurer
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Table 3
Intervention and control condition characteristics.
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Author (year)

Exercise/physical activity

Format of intervention

Intervention specifics

Non-physical activity

Non-physical activity

Intervention(s) Group or individual; Exercise intensity; control condition(s) control condition(s)
supervised/unsupervised; Intervention duration (weeks); specifics duration (weeks);
Delivered by qualified/non- Session frequency (per week); Frequency (per week);
qualified personnel Session duration (minutes) session duration
Bao et al (2014) Tai Chi Group; supervised; qualified Not reported (Likely Light); 52;  Unsupervised Gymnastics ~ Not reported

Caldwell et al
(2016)

Call et al (2014)

Falsafi (2016)

Gallego et al
(2014)

Jelalian et al
(2011)

Kanojia et al
(2013)

Khalsa et al (2012)

Kim et al (2004)
Kim et al (2012)
Mailey et al (2010)

Maurer et al
(2020)

McEntree et al
(1996)

Melnyk et al
(2009)

Melnyk et al
(2013)

Noggle et al
(2012)
Norris et al (1991)

Papp et al (2020)

Parker et al (2016)

Robert-McComb
et al (2015)

Sabourin et al
(2016)

Smits et al (2008)

1) Tai Chi Tai Chi and DVD
of curriculum (no further
information given)
Mindfulness based stress
reduction- hatha yoga

Hatha Yoga (plus
psychotherapy and/or
medication)

Physical education (sports
and stretching)

AE (plus group CBT)

Yoga
Yoga

Yoga-based meridian
exercise

Mindfulness based Physical
activity

Self-directed exercise

AE (treadmill running)

1)AE only -Running/jogging
AE plus cognitive therapy
Multiple sports and PA
activities (delivered as part
of educational and CBT
class)

Multiple sports and PA
activities (delivered as part
of educational and CBT
class)

1)Yoga; 2) Sports

1)High intensity AE
Moderate intensity AE
High intensity Hatha Yoga

Behavioural activation-
based PA

Tai-Chi

Running

1. AE (treadmill based) AE
(treadmill

based) + Cognitive
restructuring

Group; supervised; qualified
(both study arms)

Group; supervised; unclear

Group; supervised; qualified

Not reported [likely groupl;
supervised; qualified

Not reported; supervised; not
reported

Not reported; not reported;
qualified

Group; supervised; qualified

Group; supervised; qualified

Group; supervised; not
reported

Individual; unsupervised;
qualified

Individual; supervised (2
sessions per week) and
unsupervised (1 session per
week); not clear
Individual; supervised;
qualified (both study arms)
Group; not reported; not
reported

Group; supervised; qualified
(trained teachers)

Group; supervised; qualified
(for both study arms)
Group; supervised; qualified
(for both study arms)
Group; supervised; qualified
(certified yoga instructors)

Individual; unsupervised; not
reported (research
psychologists)

Group, supervised; qualified

Individual; unsupervised; not
reported

Individual; supervised;
unclear

5; 60

Not reported (Likely Light); 1;
2; 30 (both study arms)

Not reported (Likely Light); 3;
3; 45

Not reported (Likely Light); 8;
1;75

Not reported [Likely
moderate]; 8; 1; 60

Not reported; 16; 1; 60 (plus 4
maintenance sessions)

Not reported (likely low); 12;
6; 35-40

Not reported (likely light); 11;
2-3; 30-40

Not reported (likely light); 6;
2; 30

Not reported (likely light); 4;
3; 70

Not reported; 10 (2 meetings
with PA counsellor)

Vigorous; 26; 3; 25-45

Not reported; 6; 3; 20 (both
study arms)

Not reported (likely
moderate); 9; 2-3; 50

Not reported (likely
moderate); 15; 1; not reported

Not reported; 10; 2-3; 30-40
(for both study arms)

1) vigorous; 10; 2; 25-30
moderate; 10; 2; 25-30
Vigorous; 6; 1; 60

Not reported; 6; 1; variable

Not reported; 8;2;60
Not reported; 14; 3; 10

Moderate to vigorous; 2; 3; 20
(for both study arms)

(nothing further
reported)
NI

1) WL 2) Mindfulness
based stress reduction
—body scan

NI Mindfulness

1) NI 2) Mindfulness
Group CBT plus group
activities

NI

Physical education classes
as usual

NI

WL

TAU (counselling)

NI

Cognitive therapy

Attention control - Health
education

Attention control - Health
education

NI
NI

Attention control (weekly
visits with research
coordinator)

1. lifestyle
psychoeducation Problem
solving therapy
supportive counselling

NI

Health education

WL

NA

1)NA 2) 3; 3; 45

NA 8; 1; 75

1) NA 2) 8;1; 60

16; 1; 60 (plus 4
maintenance sessions)
NA

11; 3; not reported
NA

NA

Not reported

NA

6;1;75

Duration, frequency, and
session duration the same
as the physical activity
intervention arm
Duration, frequency, and
session duration the same
as the physical activity
intervention arm

NA

NA

6; 1; unknown

Duration, frequency, and
session duration the same
as the physical activity
intervention arm

NA

3 days; 3 x 1-hour sessions

NA

AE = Aerobic exercise; Bpm=beats per minute; CBT = cognitive behavioural therapy; NA = not applicable; NI = No Intervention; PA = physical activity; WL = Waitlist

et al., 2020; Papp et al., 2019); one study reported that the delivered
interventions were moderate - vigorous intensity (Smits et al., 2008);
and one reported delivering two interventions of moderate and of
vigorous intensity (Norris et al., 1992).

Intervention duration ranged from 1-52 weeks, with a mean duration
across all studies of 11.1 weeks. The frequency of intervention sessions
per week ranged from once to six times, with most studies implementing
the intervention between 2-3 times per week. Individual sessions ranged

in duration from 10 — 75 minutes, with most intervention sessions
lasting for between 20 and 60 minutes.

3.7. Risk of bias assessment

Figs. 2 and 3 present the percentages of “high”, “low” or “unclear”
risk of bias for each domain assessed for risk of bias across the studies,
and within each individual study, respectively. There is significant risk
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Random sequence generation (selection bias) _

Allocation concealment (selection bias) -

Blinding of participants and personnel (performance bias) -
Blinding of outcome assessment (detection bias) -
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias) -

Other bias

0% 28% 50% 78%  100%

Bl Lovw risk of hias

[[]unclear risk of hias

Wl High risk of hias

Fig. 2. Review authors’ judgements about each risk of bias item presented as percentages across all included studies.

of bias across the studies, with the overall risk of bias considered to be
moderate to high. Several domains were rated as “unclear risk of bias”
across multiple studies due to insufficient detail being reported. This was
primarily the case with regard to allocation concealment (n=16),
blinding of participants and personnel (n=12), selective reporting
(n=17), and blinding of outcome assessment (n=13). Eleven studies
were rated as having “high risk of bias” for the domain “other sources of
bias”. These sources of bias included: 1) poor reporting in general; 2)
baseline differences between study groups on anxiety outcome; 3) no
reporting of baseline data; 4) deviation from protocol; and 5) inappro-
priate statistical analyses undertaken (i.e. multiple t-tests).

3.8. Meta-Analyses: Physical activity

3.8.1. Physical activity compared to no intervention control

The assessment of physical activity and physical activity compared to no
intervention control was conducted using standardised mean difference
(SMD). State anxiety was measured at post-intervention in nine studies
and physical activity brought about a statistically significantly moderate
improvement in state anxiety, compared to no intervention or minimal
intervention controls (Z=-4.13, p<0.01, Q-value=14.78 (8df),
I’=45.88%) with an SMD of -0.54 (95% CI -0.79, -0.28) One study that
was removed from the analysis did not significantly change the study
outcome (presented in Appendix) (Fig. 4).

3.8.2. Physical activity compared to no intervention control: clinical and
non-clinical populations

Subgroup analysis showed that physical activity brought about a
statistically significantly moderate improvement in state anxiety,
compared to no intervention or minimal intervention controls in both:
the two studies that included clinical populations (Z=-4.07, p<0.01, Q-
value=0.20 (1df), ’=0%) with an SMD of -0.81 (95% CI -1.20, -0.42)
and; the six studies that included non-clinical populations (Z=-3.10,
p<0.01, Q-value=10.94 (6df), P=45.16%) with an SMD of -0.46 (95%
CI-0.75, -0.17).

3.8.3. Physical activity compared to a time and attention-controlled group

The assessment of physical activity compared to a time and attention-
controlled group was conducted using SMD. State anxiety was
measured at post-intervention in eight studies and physical activity
showed a statistically significant small effect on state anxiety compared
to a time and attention-controlled group (Z=-2.46, p=0.01, Q-val-
ue=17.55 (7df), 12:60.11%) with an SMD of -0.29 (95% CI -0.52, -0.06).
One study that was removed (that by Parker 2016) resulted in the
non-significant difference between groups (p= 0.09) (presented in Ap-
pendix) (Fig. 5).
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3.8.4. Physical activity compared to a time and attention-controlled group:
clinical and non-clinical populations

Subgroup analysis showed that physical activity brought about a
statistically significantly moderate improvement in state anxiety,
compared to a time and attention-controlled group in: the four studies
that included clinical populations (Z=-4.79, p<0.01, Q-value=2.89
(3df), P=0%) with an SMD of -0.55 (95% CI -0.77, -0.32). There was
however no statistically significant improvement in state anxiety the
four studies that included non-clinical populations (Z=-0.94, p<0.35, Q-
value=0.92 (3df), P=0%) with an SMD of -0.06 (95% CI -0.19, 0.07).

4. Discussion

We conducted a systematic review and qualitative synthesis of RCTs
testing physical activity interventions on anxiety outcomes. We also
conducted a meta-analysis of RCTs investigating the effects of physical
activity, compared to 1) minimal or no intervention, and 2) compared to
a time and attention-controlled group, on state anxiety. Nine and eight
RCTs were included in each analysis, respectively. Physical activity
reduced state anxiety in young people, compared to 1) no or minimal
intervention, and 2) compared to a time and attention-controlled group.
The magnitude of the standardised mean difference reflects a medium
(0.54) anxiolytic benefit of physical activity compared to no or minimal
intervention, and a small anxiolytic benefit (0.29) compared to a time
and attention-controlled group. Importantly, the corresponding het-
erogeneity levels were moderate, suggesting seemingly consistent
treatment effects for physical activity interventions on state anxiety.
Moreover, the impact of PA on anxiety is potentially clinically relevant
as the effect observed is of a similar magnitude to that of pharmacologic
treatments (Hidalgo et al., 2007)

Our subgroup analyses, separating out clinical and non-clinical
studies, demonstrated that physical activity led to reduced state anxi-
ety for both groups, suggesting physical activity may be effective in
reducing anxiety compared with no or minimal intervention in both
clinical and non-clinical populations. Interestingly subgroup also
revealed that physical activity may not be more effective than other
mental health promotion interventions in non-clinical populations,
however, it does seem to be more effective in clinical populations.
However, these findings should be taken with caution is analyses of
small number of trials may yield less precise results (Borenstein, 2009).

To the authors’ best knowledge, this is the first systematic review of
RCTs testing the effect of physical activity on anxiety in clinical and non-
clinical populations of CYP. A recent systematic review of RCTs and
quasi-experimental studies that focused on school based physical ac-
tivity interventions compared to multiple comparison groups in non-
clinical children and young people reported a similar magnitude of ef-
fect on anxiety symptoms (Andermo et al., 2020). In our previous
scoping review assessing the effect of physical activity on anxiety in
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Fig. 3. Review authors’ judgements about each risk of bias item for each
included study.

non-clinical populations of young people (Pascoe et al 2020), we re-
ported that physical activity and physical activity of varying intensities
had promise for alleviating anxiety experiences, albeit in a small number
of studies. Few studies (4/19) in the present review reported the
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intensity level of physical activity, so we were unable to confirm if
higher intensity physical corresponded with improved anxiety out-
comes, in the current meta-analysis. Nevertheless, we have confirmed,
empirically, with clinical and non-clinical populations, that physical
activity improves state anxiety outcomes when compared with a no, or a
minimal intervention control group. Moreover, for clinical populations,
that physical activity may be more effective in reducing anxiety than
many other mental health promotion interventions but may not be for
non-clinical populations.

Aylett et al’s (2018) systematic review reported that high intensity
physical activity was significantly more effective than low-intensity
physical activity at reducing anxiety symptoms in adults with a diag-
nosis of an anxiety disorder and/or elevated anxiety symptoms. How-
ever, the analysis from Aylett et al. (2018) consisted only of five studies,
and attrition rates were higher in the high intensity group. Our review
was unable to determine the effects of physical activity intensity on
anxiety due to limited studies with relevant testing. This review can
however confirm, albeit with CYP, the superior effect of physical activity
when compared with no intervention controls. We also found physical
activity was superior to a minimal intervention time/attention control
group (i.e. receiving health education) overall. This is in line with
findings in our previous scoping review (Pascoe et al., 2020) where one
study reported that physical activity was superior than an education
control in decreasing stress.

In contrast to Aylett’s review, many of the studies in our meta-
analysis that yielded a moderate anxiolytic effect on anxiety were
mindfulness based physical activity interventions (i.e. yoga) of ‘likely’
low intensity (although this was not reported in many cases). Moreover,
although the interventions ranged in duration, the mean duration across
the physical activity interventions included in the meta-analysis was 6
weeks, with a mean of 11 sessions that were delivered between 1-3 times
per week. Such parameters may be useful to consider when designing
and implementing physical activity interventions for young people.

Our review demonstrates that there are few published studies testing
the effect of physical activity on anxiety outcomes in clinical populations
of young people. Therefore, we were unable to comprehensively
compare outcomes between clinical and non-clinical populations,
however we have outlined in subgroup analyses there may be a differ-
ence in how effective physical activity may be compared with other
mental health promotion interventions for clinical and non-clinical
populations. Nevertheless, our review has highlighted the need for
more clinical studies among CYP to further understand the role of
physical activity in clinical treatment.

Bias remains a concern in most studies testing the effect of physical
activity on anxiety outcomes, whether they are studies of clinical and
non-clinical populations, adults or CYP. This review is no exception. We
rated the biases apparent in the studies reviewed as moderate to high
and this aligns with previous reviews of CYP and adults (Pascoe et al.,
2020 & Aylett et al.,, 2018). Importantly, blinding participant and
personnel in physical activity trials is difficult, if not impossible, given
the nature of physical activity. Despite this, the risk of bias across our
reviewed RCTs limits our confidence in the anxiolytic effects of physical
activity interventions for CYP considering that high risk of bias is linked
to overestimation of treatment efficacy (Moher et al., 1998; Schulz,
2000; Schulz et al., 1995)

A notable absence in all reviewed studies is attention to how physical
activity improves anxiety outcomes, with little evidence of discussion
regarding the underlying theories explaining the effect of physical ac-
tivity on anxiety outcomes. Moreover, there is limited description of
theoretical frameworks guiding intervention development, and only a
few studies including a longer-term follow-up to determine if the in-
terventions can produce lasting change on anxiety symptoms. Future
studies should consider adopting mixed methods approaches of well-
designed trials with nested qualitative and process evaluations to
attempt to capture why the intervention positively, or negatively im-
pacts anxiety outcomes. The data that emerges from qualitative and
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process evaluations should provide theoretical insights answering some
of the ‘why’ questions. In the authors’ past work investigating the effect
of physical activity on depression outcomes in adolescents (Carter et al.,
2015 & 2016), using mixed method approaches, we were able to show
physical activity produced positive outcomes as it disrupted the vicious
cycle of depression that prolongs depressive symptoms.

In addition, few studies appear to capture the cost-effectiveness of
the interventions when compared with active or non-active controls.
This is a serious omission, especially in clinical populations where
physical activity competes with interventions with established effec-
tiveness for scarce health care resources. The authors previous work
testing the cost-effectiveness of physical activity on depression outcomes
in adolescents using clinical services (Turner et al., 2017), showed likely
cost and financial benefits of physical activity, if used as an intervention
in clinical services.

4.1. Strengths and limitations

To our best knowledge, this is the first systematic, meta-analytic
review capturing the effects of physical activity on anxiety outcomes
in clinical and non- clinical populations. The authors have provided
evidence that may be helpful for clinicians, policy makers, commis-
sioners of mental health services for CYPs, advisory bodies such as the
UK National Centre for Health and Care Excellence (NICE), and, children
and young people and their parents, guardians and carers. Notwith-
standing the methodological flaws in many of our included studies, we
have shown that physical activity can be useful to reduce state anxiety
which is commonplace in both clinical samples across a range of dis-
orders and non-clinical samples. In the absence of more and better
designed studies among clinical populations, especially capturing the
dose-response relationship comparing different intensity levels, caution
is indicated.

Study biases, the small number of studies among clinical populations
of CYP, and the lack of studies comparing different physical activity
intensity levels, inevitably limit the conclusions we can draw. In an
attempt to offset relevant shortcoming derived from the small number of
RCTs, our meta-analysis was based on the Hedges’ g criterion, which
corrects for small number of data set (< 20 comparisons) such as our
data set. Also, considering that < 5 comparisons may yield less precise
results our sub-analyses should be taken with caution. However, it
should be noted that the small number of clinical trials is a wide limi-
tation in the field of physical activity and mental health for both adult
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and non-adult populations (Carter et al., 2016; Morres et al., 2019). To
this extent, well-designed RCTs with clinical populations need to be
prioritized.

In sum, we recommend that future studies attend to the biases
inherent in the studies reviewed here, and that more, high quality
studies of clinical populations of CYP be conducted. We suggest that
these future studies should consider using active control groups, longer-
term follow ups, consider cost-effectiveness, and a mixed method
approach to investigate how physical activity generates positive out-
comes. We suggest there is need for better identification and testing of
proposed logic models, with integral process evaluation, to understand
the underlying mechanisms leading to the beneficial effects of physical
activity on anxiety outcomes in young people.

5. Conclusions

Physical activity is potentially effective in reducing anxiety symp-
toms within non-clinical populations of children and young people
compared to no intervention, and although there is emerging evidence
that physical activity may be particularly effective for clinical pop-
ulations, the effectiveness of physical activity as a treatment for clinical
anxiety-related disorders remains unknown.
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