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Abstract

Aim: To determine the treatment effect of resistance training in reducing symptoms
of anxiety and depression in young people.

Methods: We searched MEDLINE, PsychINFO, and PubMed for articles published in
English from January 1980 to September 2023 for randomized controlled trials (RCT)
that included at least 4 weeks of resistance training, with participants aged 26 years
or younger with clinically elevated anxiety and depression symptoms. A random-
effects meta-analysis was used to calculate a pooled effect size of resistance training
pre-and post-intervention compared to control groups. The quality of evidence was
assessed using the Cochrane risk-of-bias 2 (RoB 2) and Grading of Recommendation,
Assessment, Development, and Evaluation (GRADE) criteria.

Results: Ten RCTs involving 376 participants (209 females and 127 males) across
educational, clinical, and community based setting were eligible for inclusion in the
analysis. Resistance training was associated with a significant reduction in depressive
(Hedge's g = —1.06, 95% ClI —1.61 to —0.51, p <.001) and anxiety (Hedge's
g=-1.02, 95% Cl —1.50 to —0.54, p < .001) symptoms. Substantial heterogeneity
was observed in the analysis of depression symptoms (I° = 79%) and anxiety symp-
toms (I? = 66%). Six trials had a low risk of bias, four trials showed some concerns.
The GRADE analysis demonstrated a high level of certainty for depressive symptoms
and a moderate level for anxiety symptoms.

Conclusion: Resistance training is an effective intervention in reducing depression
and anxiety symptoms in young people, delivered across a range of settings. Future
trials exploring the effect resistance training interventions with long-term follow up

are warranted to understand the outcomes.
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1 | INTRODUCTION

The growing prevalence of mental health disorders is a significant
public health concern. The World Health Organization (WHO) esti-
mates that 4.4% of the world's population, or over 320 million people,
experience clinically diagnosed depression while 3.6% have anxiety
disorders (World Health Organization, 2017). The global prevalence of
depressive disorders (major depressive disorder & dysthymia) and anx-
iety disorders has increased by 18% and 15%, respectively, between
2005 and 2015 (Vos et al., 2016). In Australia, the most common men-
tal disorders in any 12-month period are anxiety disorders and affec-
tive disorders (17% and 8% of the population) (Australian Bureau of
Statistics, 2022). One in seven children or adolescents experience a
mental disorder, globally (Polanczyk et al., 2015) and in Australia
(Lawrence et al., 2015), which increases to one in five adults from
18 years old onwards (Australian Bureau of Statistics, 2021). Anxiety
and depressive disorders are frequently comorbidities (Schoevers
et al.,, 2005) and failing to address mental ilinesses during adolescence
can lead to an accumulation of the burden of disease and increased
costs on health and wellbeing across the lifespan (Suhrcke
et al.,, 2008). Mental illnesses also increase the risk of chronic meta-
bolic and cardiovascular diseases, mortality, and healthcare treatment
difficulties (Correll et al., 2017; Knol et al., 2006; Lett et al., 2004). As
a result, chronic preventable health conditions are more prominent
and life expectancy is significantly reduced in individuals who have
severe mental health conditions, compared to those who do not
(Lawrence et al., 2013).

There are multifactorial causes (biological, psychological and social
factors) for mental disorders in young people, however protective fac-
tors include good physical health and development (Patel et al., 2007).
In light of this, aerobic training has demonstrated efficacy in reducing
elevated symptoms of depression in adults (McCann & Holmes, 1984)
and young people (Bailey et al., 2018). Aerobic training can be used as
an independent, or adjunctive, treatment for clinical depression
(Cooney et al., 2013) and has been demonstrated to be as effective as
pharmacological interventions, such as antidepressant medication
(Cooney et al., 2013). Additive benefits have been demonstrated when
aerobic training has been implemented in conjunction with pharmaco-
therapy and other first line depression treatments (Jacquelin
et al., 2021). The efficacy of aerobic training in treating anxiety disor-
ders is not as established as depressive disorders. As such, it is a recom-
mended adjunctive treatment for clinical levels of anxiety in adults
(Asmundson et al., 2013; Jayakody et al., 2014; Moore et al., 2016) and
similarly for adolescents experiencing anxiety (Herring, 2018). How-
ever, anxiety is ineffectively treated by first line treatments (pharmaco-
therapy and psychotherapy) and other treatment choices warrant
attention (De Vries et al., 2016; Hofmann & Smits, 2008).

Whilst aerobic training may be effective for certain individuals,
depressive disorders are highly heterogenous, with varied symptomol-
ogy, even for people who have similar scores on depressive outcome
measures (Fried & Nesse, 2015). Despite the efficacy of aerobic exer-
cise, it has been demonstrated that over 20%-75% of participants may
not achieve remission or response (<50% of baseline score) to an aero-
bic training intervention (Dunn et al., 2005). Given that aerobic training

does not always achieve a successful clinical response, resistance train-
ing could be a viable alternative or adjunctive approach. Furthermore,
elevated depressive and anxiety symptoms share many similarities
often leading to worsened symptoms overall (Schoevers et al., 2005).
These include impaired concentration, fatigue, irritability, apprehension,
restlessness, and muscle tension. Coupling these symptoms with the
necessity for aerobic training to be a continuous activity, commonly
undertaken at moderate to vigorous intensities (65%-85% heart rate
max) which are not always effective, the need for other exercise inter-
ventions that suit an individual's preferences is warranted (Nystrém
et al.,, 2015). There have also been notable difficulties in sustaining the
required intensity of aerobic training interventions with supervision to
induce the training adaptations (Jaworska et al., 2019) and certain types
of anxiety (e.g., panic disorder with agoraphobia) may lead to an
increased risk of dropout from regular aerobic training interventions
based on anxiety symptoms (Martinsen et al., 1989).

Muscular fitness (size, strength and power) improvements with
resistance training are well established across all age groups for pre-
venting and treating physical health conditions (US Department of
Health and Human Services, 2018), yet resistance training remains
underutilized across the life span (Australian Institute of Health and
Welfare, 2018). Other benefits of resistance training are an increase in
self-esteem, reduced symptoms of fatigue, anxiety and depression, and
pain and improved sleep quality in various clinical and healthy popula-
tions, however the specific social, psychological and/or neural mecha-
nisms for these changes remain unclear (O'Connor et al, 2009).
Resistance training trials investigating the treatment of depression are
limited to middle-aged or older adults (Herring, 2018; Meyer &
Schuch, 2018), despite resistance training (Gordon et al., 2018) or com-
bined resistance and aerobic training interventions (Cooney
et al., 2013; Danielsson et al., 2013; Meyer & Schuch, 2018; Schuch
et al., 2016) resulting in equal or greater depressive symptom manage-
ment. A recent review of exercise interventions to treat anxiety and
depression in both depressed and non-depressed youths, yielded posi-
tive effects from resistance training, however these findings were lim-
ited to two resistance only training trials (Zhang et al., 2023). Therefore,
the effect of resistance training to treat clinically elevated symptoms of
depression and anxiety in young people is not clear. The aims of this
systematic review and meta-analysis were to: (1) determine the effect
of resistance training interventions, over 4 weeks in duration, on
depressive and anxiety symptoms in young people (<26 years old) with
clinically elevated depressive and/or anxiety symptoms; and (2) under-
take an investigatory analysis of RT prescription (frequency, intensity,
time, type, volume, progression, rest, supervision) that are associated

with improving anxiety or depressive symptoms.

2 | METHODS

21 | Protocol and registration

The systematic review and meta-analysis were conducted in accor-
dance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) (Moher et al, 2009). The review was
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prospectively registered with the International Prospective Register
for Systematic Reviews (PROSPERO) CRD42022297881.

2.2 | Eligibility criteria

Participant, Intervention, Comparison, and Outcomes (PICO) were
used for this systematic review. PICO is a specialized framework used
by most researchers to formulate a question and to facilitate a litera-
ture review for quantitative based trials (Eldawlatly et al., 2018).
Briefly, included studies involved participants with a mean age of
<26 years with elevated depression or anxiety symptoms assessed
using a validated outcome measure, where an explicitly stated mini-
mum threshold on a self-report or observer-rated symptom measure
exists, or a diagnostic criteria for established nosology was utilized
(e.g., DSM-V), pre-and post-intervention. Other diagnoses of primary
health conditions, and trials that included depressive or anxiety symp-
toms as a primary or secondary outcome measure of the study were
included. The interventions utilized any form of randomized allocation
to resistance training and a non-first line or exercise treatment con-
trol/comparison group. Dissertations and studies published prior to
1980 were excluded, as youth mental health was not a discrete field
prior to 1980 (Hetrick et al., 2010; Rutter et al., 1976). We included
exercise interventions of a minimum of 4-weeks, that included resis-
tance training for the whole training intervention, or combined with
other training interventions (aerobic training and/or flexibility training)
within the same session or throughout the duration of the interven-
tion. Resistance training was defined as an activity that requires the
muscle to exert force, with the aim to increase muscular fitness
(strength, power, volume, or endurance) with or without external
resistance and relying on the anaerobic energy system (American Col-
lege of Sports Medicine, 2013; Zhao et al., 2020). Comparison groups
included no-treatment (NT), treatment as usual (TAU), and attention/
activity placebo (AP). Comparison groups could not include another
known exercise based treatment (e.g., aerobic training) since this
would not allow the effect of resistance training on depressive and/or
anxiety symptoms to be determined.

2.3 | Search strategy and data extraction

We performed a systematic search of the literature from January
1980 to February 2022 via EBSCOhost (Psychinfo & Medline) and
PubMed. An updated search for recently published articles was per-
formed in September 2023, however no additional eligible articles
were found. The search was limited to peer reviewed, published,
English language articles. The full list of search terms modified to each
database is available in Table S1. The search strategy used age limiters
to include population groups <26 years old. The reference lists of
recently published, narrative reviews, scoping reviews, systematic
reviews, and meta-analyses which consisted of exercise based inter-
ventions for anxiety and depression in general and clinical populations

were searched to identify other potential eligible studies (Asmundson

et al., 2013; Bailey et al., 2018; Barahona-Fuentes et al., 2021; Bartley
et al., 2013; Carneiro et al, 2020; Carter et al., 2016; Cooney
et al., 2013; Danielsson et al., 2013; Gordon et al., 2017; Gordon
et al., 2018; Herring, 2018; Jayakody et al., 2014; Mammen &
Faulkner, 2013; Nystrom et al., 2015; Pascoe et al., 2020; Radovic
et al, 2017; Schuch et al., 2016; Strickland & Smith, 2014; Stubbs
et al., 2017). After the removal of duplicates, two reviewers (RM &
MW) independently screened abstracts of identified articles. Any dis-
crepancies were checked by a third reviewer (RP) and resolved by
consensus. Subsequently, the same reviewers completed full-text
screening. After full-text screening data were extracted from included
studies onto an excel template by RM cross-checked for inter-
observer reliability by MW and MB. Data extracted included partici-
pant and trial characteristics, outcomes measures and reported results
of anxiety or depressive symptoms pre-and post-intervention, resis-
tance training intervention characteristics (frequency, intensity, type,

time, volume, progression, program length, and supervision).

24 | Assessment of risk of bias and GRADE in
included studies

RM and MW assessed the risk of bias for each outcome measure
using the Cochrane RoB 2 (Sterne et al., 2019). Disagreements were
resolved by consensus. In addition to the risk of bias, inconsistency,
indirectness, imprecision, and publication bias were assessed using
the GRADE approach which evaluated the overall quality of the evi-
dence. GRADE provides four levels of recommendations (very low,
low, moderate, high) based on the certainty of the quality of evidence,
with RCTs beginning at high and authors grading the outcome mea-
sures used against each criteria, mentioned previously, to rate the
quality of evidence (Guyatt et al., 2008).

2.5 | Data analysis

The primary outcomes analysed were depressive and anxiety symp-
toms. Data were extracted and entered into a Microsoft Excel spread-
sheet. The mean and standard deviation (SD) of the anxiety or
depressive outcome measure score were recorded as well as study
demographics. Where necessary, the SD was calculated from the
reported 95% confidence interval and ample size. The standardized
mean differences (SMD) were calculated as the difference in change
scores for outcome measures (baseline and post-intervention)
between the intervention and control group divided by the pooled
standard deviation at baseline (Morris, 2008). When outcome data
was obtained in a remission percentage format, the log odds ratio
(LOR) for treatment effectiveness was calculated. The variance for
continuous outcomes was estimated using a known equation
for effect sizes with continuous data (Borenstein & Hedges, 2009).
For the single study that reported using remission rate, the log odds
ratio was divided by 1.81 to convert it to a SMD and the variance of
the log odds ratio was divided by 3.28 (Murad et al., 2019). All SMDs
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were corrected for the upward bias of small sample sizes
(i.e., Hedge's) and calculated so that symptom improvement resulted
in a negative effect size (Hedges, 1981). The SMD effect size was
interpreted as small (= — 0.2), moderate (> — 0.5), or large (= — 0.8)
(Cohen, 2013).

A meta-analysis was conducted on the change in depression and
anxiety symptoms pre-and post-intervention. A random effects meta-
analysis with generic inverse variance weights was used to calculate
the pooled effect size using the meta package in R (version 4.1.2)
(Balduzzi et al., 2019). The restricted maximum likelihood method was
used to estimate between-study heterogeneity (Harville, 1977).
Between study heterogeneity (quantified as | measure) was character-
ized as low if it was less than 25%, moderate if between 25% and
50%, and substantial if it was greater than 50%, and p < .05 was con-
sidered statistically significant. The cut off of 10 effect sizes for each
analysis was set for a minimum number to conduct an analysis of pub-
lication bias or subgroup analyses (Higgins et al., 2019). A small study
effect would be evaluated using visual inspection of funnel plots to
assess for publication or reporting bias. Importantly, funnel-plot asym-
metry does not always equate to publication bias and consideration of
true heterogeneity (intensity of duration, differences in baseline risks)

and data irregularities were considered (Sterne & Harbord, 2004).

Statistical analyses on intervention characteristics were unable to
be completed due to an insufficient number of studies. Instead, the
pooled effect of trials including only resistance training in their inter-
ventions was calculated and a narrative synthesis of resistance train-
ing variables was collated for any publications reporting an effect size
of > — 1.0.

3 | RESULTS

The search strategy identified 1916 articles (Figure 1) which were
uploaded to Covidence, an online systematic review tool. A total of
416 duplicate articles were automatically removed, leaving 1500 arti-
cles remaining to be screened by title and abstract. Of these, 39 were
identified as being eligible for a full-text review. Following this review,
a total of 11 articles were included, of which three contained both a
depressive and anxiety measure (EIDeeb et al., 2020; Hilyer
et al., 1982; Woolery et al., 2004), four included only an anxiety mea-
sure (Carter et al., 2015; Herring et al., 2011; Nazari et al., 2020;
Williams & Cash, 2001) and four included only a depressive measure
(Carter et al., 2015; Hughes et al., 2013; Vizza et al., 2016; Wunram
etal., 2018).

Duplicates removed (n =416)

Records excluded by title or

abstract (n =1461)

Full-text exclusions:
Patient population (n = 13)
Intervention (n = 6)
Publication (n = 5)
Study design (n =2)
Control group (n=1)
Outcome measure (n = 1)

g Articles identified through
5 search (n = 1916)
;5’

=

[

=

Records screened

50 (n=1500)

g

'

8

3

A

Full-text articles assessed for
eligibility

2 (n=139)

E

&b

m

11 studies deemed eligible for
systematic review and meta-
analysis

7e)

(]

s

5

)

ks

10 studies included in
quantitative synthesis (meta-
analysis)

Excluded from systematic
review & meta-analysis:
High risk of bias (n = 1)

FIGURE 1 Flow diagram of
records identified and included.
[Correction added on 14 June
2024, after first online
publication: The ‘full-text
exclusions’ in Figure 1 has been
updated with simplified wording
for better clarity.]
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3.1 | Assessment of risk of bias and GRADE in
eligible studies

Out of the 11 studies analysed, six had an overall low risk of bias
(Carter et al., 2015; ElDeeb et al., 2020; Matthew P Herring
et al, 2011; Hughes et al., 2013; Vizza et al., 2016; Wunram
et al., 2018), four had some concerns (Gordon et al., 2022; Hilyer
et al., 1982; Nazari et al., 2020; Woolery et al., 2004), and one was
found to be high risk caused by improper randomization, and
was removed from the analysis (Williams & Cash, 2001), leaving
10 studies in total. The overall quality of evidence was high for
depressive symptoms and moderate for anxiety symptoms (Table S2).

3.2 | Summary of articles

The total number of participants in all included studies was
376 (209 females and 127 males); sex was not reported in one study
(Nazari et al., 2020). The mean age across all trials was 19 years, with
the intervention groups ranging from 11 to 26 years old. Three trials
included participants with clinically diagnosed depression (Carter
et al., 2015; Hughes et al., 2013; Wunram et al., 2018) and one with
clinically diagnosed anxiety (Matthew P Herring et al.,, 2011). The
remaining six trials included participants with clinically elevated symp-
toms of depression or anxiety (EIDeeb et al., 2020; Matthew P
Herring et al., 2011;Hilyer et al., 1982; Nazari et al., 2020; Vizza
et al., 2016; Woolery et al., 2004). Four trials recruited a sample not
meeting any physical activity guidelines (EIDeeb et al., 2020; Hughes
et al., 2013) or deemed sedentary (Matthew P Herring et al., 2011;
Waunram et al., 2018), two trials had participants not meeting the
resistance training guidelines (Gordon et al., 2022; Vizza et al., 2016)
and four trials did not report any baseline physical activity (Matthew P
Herring et al., 2011; Hilyer et al., 1982; Nazari et al., 2020; Woolery
et al., 2004).

Seven trials reported depressive symptoms, with five involving
resistance training and aerobic training or flexibility training (Carter
et al,, 2015; Hilyer et al., 1982; Hughes et al., 2013; Vizza et al., 2016;
Woolery et al., 2004), and two with resistance training only (EIDeeb
et al, 2020; Wunram et al., 2018). Traditional resistance training
(machines, free weights, or bodyweight) was used in 9 trials (Carter
et al,, 2015; EIDeeb et al., 2020; Gordon et al., 2022; Matthew P
Herring et al., 2011; Hilyer et al., 1982; Hughes et al., 2013; Nazari
et al., 2020; Vizza et al., 2016; Woolery et al., 2004) and whole body
vibration as the sole intervention in one trial (Wunram et al., 2018)
and a comparison to traditional resistance training in one trial (EIDeeb
et al., 2020). In the seven trials measuring anxiety symptoms, four tri-
als used resistance training and aerobic training or flexibility (Hilyer
et al., 1982; Nazari et al., 2020; Vizza et al., 2016; Woolery
et al., 2004) and three utilized resistance training only (EIDeeb
et al., 2020; Gordon et al., 2022; Matthew P Herring et al., 2011). All
trials prescribed the intensity, with only one trial allowing a self-
selection of intensity and rest (Carter et al., 2015). The duration of tri-

als ranged from five to 20 weeks, and the weekly session frequency

ranged between two to four sessions per week. The duration of each
training session varied from six to 90 min. Seven trials reported super-
vised exercise sessions, of which two included home exercise pro-
grams. Control groups included waitlist or treatment as usual (TAU).
Six out of seven depressive symptom outcome measures were
self-report questionnaires and one was a clinician-rated instrument.
Six of seven anxiety symptom outcome measures were self-report
questionnaires and one trial reported Number Needed to Treat
(NNT)/Remission percentage. A detailed summary of each outcome
measure is in Table S3. All investigatory data on intervention setting,
adjunct treatments, frequency, intensity, duration, type, time, volume,
progression, rest, supervision, sex differences, symptom severities,
adjunctive treatments being received, adherence and baseline physical

activity levels were recorded (Table 1).

3.3 | Meta-analysis of depressive symptoms

RT was associated with a large reduction (g = —1.06, 95% Cl —1.61,
—0.51, p <.001) in depressive symptoms in young people (Figure 2).
There was substantial heterogeneity between trials (12 = 79.0%).
Visual inspection of funnel plots did not indicate that publication bias
(Figure 3). The pooled effect for the two studies that involved exclu-
sively resistance training was similar to that of the overall pooled
effect (g = —1.32, 95%Cl = —2.47, —0.16, p = .025).

3.4 | Meta-analysis of anxiety symptoms

RT was associated with a large reduction (g=-1.02, 95%
Cl = —-1.50, —0.54, p <.001) in anxiety symptoms in young people
(Figure 4). There was substantial heterogeneity between trials
(12 = 66%). Visual inspection of funnel plots did not indicate a publica-
tion bias (Figure 5). The magnitude pooled effect for the three studies
that involved exclusively resistance training was smaller to that of the
overall pooled effect, however, the effect was still significant
(g = —0.63, 95%Cl = —1.18, —0.09, p = .023).

3.5 | Narrative synthesis of intervention
characteristics

The RT intervention characteristics across four trials with an effect
size less than —1 were summarized in Table 2. Three of the four
included trials included results for both depression and anxiety symp-

toms, therefore the characteristics have been combined.

4 | DISCUSSION

The current study examined the effect of resistance training on young
people with clinical levels of anxiety and depression. We reported that

resistance training, independently, or combined with aerobic training
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TABLE 1

Author

(Hilyer
etal., 1982)

(Carter
etal.,, 2015)

(Hughes
et al., 2013)

(Wunram
et al., 2018)

(Nazari
et al., 2020)

MARINELLI ET AL.

Participant (mean
age £ SD)
intervention setting
adjunct treatments
(number of
participants)

23 males (17.01
+ 0.91 years)
Elevated
depressive
symptoms (BDI)
and trait anxiety
(STAI)

Educational setting
(state school)

Counselling TAU
(all)

44 (11male/33
female) (15.4
+ 1.0 years)
Depression
diagnosed and
elevated on CDI 2
Clinic based
(referred from
public services)
Psychological
therapy (35), PCT
(4).

14 (7 male/7female)
(17 + 0.9 years)

MDD criteria met
via interview and
elevated score on
CDRS-R.

Clinic based
(referred from
health
professionals)

PCT (1).

18 (6 male/12
female) (15.9
+ 1.2 years)

MDD criteria met
via interview &
DIKJ score
elevated

Clinic based
(hospital
inpatients) TAU—
therapy inpatient
schedule
(psychotherapy,
exercise, art,
music therapies).

20 (N/A) (11.22
+ 1.90 years)
Anxiety elevated on
RCMAS

Characteristics of included trials.

Control group
treatments

20 males (16.90
+0.75)
Counselling TAU

43 (35
females/8
males)(15.4
+0.9)

TAU (psych
therapy 33 &
PCT 8)

12 (4 females/8
males) (17
+0.6)

PCT (1)

17 (13
females/4
males)

(15.7
+ 1.1 years)

TAU

20 (N/A) (11
+ 2.67 years)
Control

Type intervention

duration
frequency

Circuit training (F
-+ AT+RT)

20 weeks

3 days/week

Circuit training (F
-+ AT+RT)

6 weeks 2 days/
week

Self-Selected
training type
(AT or RT + F)

12 weeks

2 days/week then
3 days/week (1
session/W in
person)

Whole body
vibration (RT)

6 weeks

3 days/week

Circuit training (F
-+ AT+RT)

16 weeks

3 days/week

Session duration
volume intensity
(progression) rest

90 min (F 10 min, R
+ AT 65 min, F
4+ GS 10-15 min)

2 sets x 8 reps

8RM (as able)

N/A

45 min (5 min F &
40 min AT/RT)

N/A

Self-selected
intensity
monitored with
rating of
perceived
exertion (self-
selected)

1 min rest & rest as
needed

30-40 min (self-
selected AT or
RT)

N/A

1/3 to 1/4 calorie
target (increase
energy
expenditure
weekly 8 > 10 >
12 KKW)

N/A

12 min

6 x 2 min per
exercise (add
1 min per session)

20 Hz (amplitude of
2 mm)

2-3 min rest

75 min (10 min WU,
20 min Pilates,
20 min body
weight RT,

20 min AT, 5 min
CD)

Adherence
supervision
baseline PA

N/A
Yes (Group)
N/A

70%
Yes (Group)
N/A

77%

Yes & No

Not meeting
guidelines.

100%

Yes

Deemed
sedentary.

N/A

Depression/anxiety
symptom outcome

D & A—Significantly
reduced
symptoms.

D—No significant
difference.

D—Significantly
reduced
symptoms (pre vs.
post)

D—No significant
difference.

A—Significantly
reduced
symptoms pre
versus post &
against controls.
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TABLE 1

Author

(EIDeeb
et al., 2020)

(EIDeeb
et al., 2020)

(Gordon
et al., 2022)

(Matthew P
Herring
et al.,, 2011)

(Woolery
et al.,, 2004)

(Vizza
et al., 2016)

(Continued)

Participant (mean
age £ SD)
intervention setting
adjunct treatments
(number of
participants)

Clinic based
(hospital
inpatients)

Prescribed diet
intervention.

20 (females) (17.7
+ 1.17 years)

Depression &
anxiety elevated
on PMSQ

Clinic based
(referred by
gynaecologist).

Bé6 and Magnesium
supplementation

20 (females) (17.3
+ 1.41 years)

Adj: Dietary
intervention
(Vitamin B6 and
Magnesium
supplementation)

11 (4 males/7
Females) (26
+ 5.6 years)
Analogue GAD
scored via
interviewer and
state anxiety
measured on
STAI-Y1

Community based
(Instructed to
maintain current
level of physical
activity)

10 (females) (25.6
+ 7.1 years)
Primary GAD
diagnosis
Community based
PCT (3)
13 (3 males/10
females) (21.5
+ 3.23 years)
Mild depression on
BDI
Community based.

7 (females) (26
+ 7 years)

Control group
treatments

20 (females)
(17.9
+ 1.16 years)
Control

13 (8 females/5
males) (27.1
+ 5.6 years)

Waitlist (acute
quite rest)

10 (females)
(24.2
+ 6.3 years)
Waitlist

15(12
females/3
males) (21.5
+ 3.23 years)
Wait list

6 (females) (29
+ 3 years)

Type intervention
duration
frequency

Whole body
vibration (RT)

12 weeks

3 days/week

Circuit training
(RT)

12 weeks

3 days/week

Traditional RT
8 weeks
2 days/week

Traditional RT
(lower body
only)

6 weeks

2 days/week

Calisthenic (RT)
5 weeks
2 days/week

Traditional RT
12 weeks

Session duration
volume intensity
(progression) rest

1-2 sets at 8-12
reps (2-3 sets of
10-12 last
8 weeks)

8-12RM

30s rest

6 min

3 sets x 1 min

20 Hz (1 set each
session and
+ 2 Hz every
2 weeks)

1 min rest

40 min (10 min WU,
20-25 min RT
circuit, 5-10 min
CD)

1 x 3-4 reps
(increase to 12
gradually)

60%-70%1RM

2 min rest

25 min

2 sets x 8 reps of 8
exercises
(increase to 12
reps gradually and
then increase
load 5%)

8-12RM

Rest 1 min

46 min

7 sets x 10 reps
(add 5% of 1RM
weekly)

10RM

Rest 80 s

60 min (combined
calisthenic and
relaxation
postures)

N/A

Intensity not
defined

N/A

60 min (5 min WU,
50 min RT)

Adherence
supervision
baseline PA

N/A
N/A
Not meeting

guidelines.

N/A

N/A

Not meeting
guidelines

99%

Yes

Not meeting
RT

guidelines.

100%
Yes
Sedentary

N/A
Yes
N/A

76%
(43% HEP)

WILEY_| **

Depression/anxiety
symptom outcome

D + A—Significantly
reduced.

D + A—Significantly
reduced.

A—Significantly
reduced state
anxiety (pre week
1 vs. post week 8)

A—60% remission
rate for RT,
compared to 30%
for WL

D + A—Significantly
reduced

D + A—Significantly
reduced

(Continues)
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TABLE 1 (Continued)
Participant (mean
age £ SD)
intervention setting
adjunct treatments Type intervention  Session duration Adherence
(number of Control group duration volume intensity supervision Depression/anxiety
Author participants) treatments frequency (progression) rest baseline PA symptom outcome
Moderate to severe TAU 4 day/week (2 in 2 sets x 8 reps Yes and No
depression and person +2 (3 x 8-12 with Not meeting
anxiety symptoms HEP) load increasing RT
(DASS-21) with strength) guidelines.
Community based. + HEP (3 x 10
for all exercises)
8-12RM
N/A

Abbreviations: A, anxiety symptoms; AT, aerobic training; CD, cool down; D, depressive symptoms; F, flexibility training; GAD, generalized anxiety
disorder; GS, goal setting; HEP, home exercise program; KKW, kilocalories per week; MDD, major depressive disorder; PA, physical activity; PCT,
pharmacotherapy; Psych, psychotherapy; RM, repetition maximum; RT, resistance training; SS, self-selected; TAU, treatment as usual; WU, warm up, (this

is should be listed as Table S3).

Study Hedge's g 95%-Cl Hedge's g Weight FIGURE 2 Forest plot on the Hedge's
g of resistance training interventions on
Carter et al. 2015 -0.31 [-0.73; 0.11] [ R 17.1%  symptoms of depression compared to
ElDeeb et al. 2020 -1.93 [-2.66; -1.19] ——+—! 14.1% control groups.
Hilyer et al. 1982 -1.84 [-2.54; -1.13] —+—— 14.5%
Hughes et al. 2013 —0.23 [-0.98; 0.52] = 14.1%
Vizza et al. 2016 -0.85 [-1.85; 0.15] 11.7%
Woolery et al. 2004 -1.70 [-2.54; -0.85] ——— 13.1%
Wunram et al. 2018 —0.75 [-1.36; —0.14] —'— 15.4%
Random effects model -1.06 [-1.61; —0.51] <~z 100.0%
Heterogeneity: 12=79%, 1* = 0.4177, p<.01 ' ' f
-2 -1 0 1 2

Favours RT Favours control

can significantly reduce symptoms of depression and anxiety in indi-
viduals 26 years old and younger who are experiencing clinically ele-
vated depressive or anxiety symptoms. As such, resistance training
should be incorporated as an integral part of treatment for young peo-
ple with symptoms of depression and anxiety.

The findings indicated a large clinical effect in the reduction of
depressive symptoms following resistance training. This finding pro-
vides strong support for the use of resistance training in the manage-
ment of clinical depression in adolescents and young people.
Exploration into resistance training and evidence of the significant
effect has been lacking for young people with clinically elevated
depressive or anxiety symptoms (Bailey et al., 2018; Barahona-
2021; Radovic et al, 2017; Rodriguez-Ayllon

et al, 2019). This meta-analysis builds upon the previous evidence

Fuentes et al.,

that indicated the effectiveness of resistance training to reduce
depressive symptoms in predominantly adult populations (Gordon
et al., 2018) by focusing on young people. While the majority of litera-
ture has focused on the benefits of aerobic training, herein we dem-
onstrate that resistance training, and resistance training combined
with aerobic training, may promote a similar or even greater reduction
in depressive symptoms. Radovic et al. (2017) reported a significant

reduction in depressive symptoms in clinically depressed adolescents

(g = —0.61, 95%Cl = —1.06, —0.16) with only one trial including any
form of resistance training. Similarly, Larun et al. (2006) reported a sig-
nificant effect (g = —0.66, 95%CIl = —1.25, —0.08) comprising of pre-
dominantly aerobic training (12 compared to 4 studies) in healthy and
clinically depressed adolescent populations. Whilst the majority of the
trials in this review did not strictly include only resistance training as
part of their interventions, when analysing the studies that only
included resistance training the clinical effect remained large
(g = —1.32, 95%Cl = —2.47, —0.16) (EIDeeb et al., 2020; Wunram
etal., 2018).

A significant reduction in anxiety symptoms following resistance
training was also demonstrated. Previous reviews have focused pri-
marily on adult cohorts (middle age and older), with very little data on
individuals <26 years of age (Strickland & Smith, 2014). While prior
resistance training based interventions in adults have shown small to
moderate treatment effects for clinical anxiety (Carneiro et al., 2020;
Gordon et al., 2017), herein we report a large effect in young people
with elevated anxiety symptoms. The effect of resistance training only
interventions was smaller and indicates that there may be a comple-
mentary effect of including both resistance training and aerobic train-
ing for anxiety symptoms (EIDeeb et al., 2020; Vizza et al., 2016;
Woolery et al., 2004). These findings highlight the need to provide
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FIGURE 4 Forest plot on the Hedge's Study Hedge's g 95%-Cl Hedge's g Weight
g of resistance training interventions on
symptoms of anxiety compared to control ElDeeb et al. 2020 -1.05 [-1.70; -0.40] —EE 16.0%
groups. Gordon et al. 2022 —0.25 [-0.80; 0.30] | 17.4%
Herring et al. 2011 -0.69 [-1.71; 0.33] — 11.2%
Hilyer et al. 1982 —-2.12 [-2.86; -1.38] —+— ! 14.7%
Nazari et al. 2020 -1.07 [-1.72; -0.42] —= 16.0%
Vizza et al. 2016 -0.53 [-1.56; 0.50] —s— 11.0%
Woolery et al. 2004 -1.38 [-2.19; —0.57] — 13.7%
Random effects model -1.02 [-1.50; —0.54] < 100.0%

Heterogeneity: 12 = 66%, 12 = 0.2629, p < .01 f ' ' '

clinical guidance that tailors resistance training interventions for spe-
cific developmental stages as the effects on anxiety symptoms and
suitable interventions may vary across the lifespan. The only previous
review to analyse resistance training in young individuals diagnosed
with anxiety or depressive symptoms found a significant large effect
in the reduction of symptoms (Barahona-Fuentes et al., 2021). This
previous review limited the search to those diagnosed with anxiety or
depression and adolescents aged <18 years old, a search period
(2010-2020), and included a high level of publication bias (Barahona-
Fuentes et al., 2021). The current review aimed to broaden the search
criteria for all available evidence since 1980 and include trials with
patients that have clinically elevated symptoms and diagnoses across
a greater age range (s26). This is due to the accumulating evidence of
increased mental health disorders across this transitional phase into
modern adulthood (Patel et al., 2007) and commonly grouping adoles-

cents and young adults for prevalence of mental disorders in national

-2 -1 0 1 2
Favours RT Favours control

reports (Australian Instutute of Health and Welfare, 2023). Conse-
quently, this review has resulted in more trials and a reduced publica-
tion bias to support the findings.

The specific mechanisms through which combined resistance and
aerobic training may improve mental health symptoms, more than aer-
obic training alone, remain unclear. Anxiety and depressive disorders
alter the hypothalamic pituitary adrenal axis, via hypoactivity or
hyperactivity (Strickland & Smith, 2014; Wegner et al., 2020) and it is
proposed that resistance training may positively modulate cortisol
levels (Crewther et al., 2011). Resistance training may also stimulate
different neurobiological effects, for example insulin-like growth fac-
tor 1 is significantly increased (Cassilhas et al., 2010), however the dif-
ferent neurobiological mechanisms between various exercise
modalities requires further investigation. Resistance training improves
cognitive abilities as effectively as aerobic training (Nagamatsu

et al, 2012) and when combing both modes of training there is
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o FIGURE 5 Funnel plot on Hedge's g
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TABLE 2 Trial intervention characteristics of studies with large
effect sizes (>1.0 Hedge's g).

Resistance training intervention
characteristics in large effect size trials

Symptom severity Mild to moderate

Frequency 2-3 sessions
(weekly)
Intensity 8-12RM, 60%-70%1RM.

Time (session 60-75 min/12-20 weeks.

duration/weeks)
Type Traditional RT and AT with FT (free weights,
machines, bodyweight)

Volume per 1-3 sets x 8-12 repetitions

exercise

Increase volume (reps, sets) or load gradually
with a pre-set plan or as strength improves.

Progression

Rest periods 30 sto 2 min

Supervision Supervised training, with additional HEPs.

Note: Resistance training prescription variables include (%RM, repetition
maximum percentage; RT, resistance training; AT, aerobic training; FT,
flexibility training; HEP, home exercise program) across all trials with an
effect size greater than —1.0 (EIDeeb et al., 2020; Hilyer et al., 1982;
Nazari et al., 2020; Woolery et al., 2004).

evidence of a significantly greater effect (Kramer & Colcombe, 2018),
however research is predominantly in older adults. There is evidence
of self-esteem, a global concept pertaining of one's perception and
feelings of themselves (O'Connor et al., 2009), increasing similarly

with resistance training or aerobic training (Trujillo, 1983).

Furthermore, sub-components, including physical self-esteem, body
image (the feeling one has about their appearance or muscular
strength), and physical self-efficacy may be augmented with resis-
tance training (Dishman et al.,, 2006; Hausenblas & Fallon, 2006).
Whilst, neural mechanisms that explore aerobic training's effect on
the brain has been analysed more recently (Cotman et al., 2007), there
remains less evidence on resistance training specific mechanisms
(O'Connor et al., 2009). There are numerous differences of strength
training's effect on the neuromuscular system based on the training
characteristics (muscle and nerve activation, the relative load to
capacity on muscles, total time under tension, the velocity of the con-
traction, the rest periods, the range of motion, and the achievement
of volitional fatigue), therefore there could be an extensive range of
possible neurophysiological adaptation that differ to aerobic training
(O'Connor et al., 2009). Further research is warranted to examine the
psychological or physiological changes from resistance training and
their effect on mental illness symptoms.

The intention was to further examine the impact of specific resis-
tance training prescription variables (Table 2) on anxiety or depressive
symptoms however the sample size was not sufficient for this level of
analysis. Previous reviews in adults and young people with anxiety
and depressive symptoms have found no significant differences across
frequency, intensity, time, duration, and volume, but some differences
were evident based on the presence of supervision of training inter-
ventions (Gordon et al., 2017; Gordon et al., 2018). While statistical
comparisons could not be performed, when comparing the trials with
the largest clinical effect to trials with the smallest clinical effects, one

notable difference found was that a duration of the resistance training
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intervention of more than 12 weeks was more likely to achieve a
greater symptom reduction for depression and anxiety symptoms
compared to interventions of less than 12 weeks. The majority of tri-
als utilized a similar intensity (60%-70%1RM or 8-12 repetitions)
across interventions. This is aligned with prior research demonstrating
the anxiolytic effect of resistance training is best achieved with low-
moderate intensities (50-65%1RM), compared to higher intensities
(75-85%1RM) (Strickland & Smith, 2014). Frequency varied across tri-
als and volume (sets, repetitions and load) was not reported consis-
tently. Adherence rates in the resistance training interventions were
similar to previous aerobic training interventions (Bailey et al., 2018)
with three resistance training trials achieving over a 99% adherence
rate, and the remainder over 70%. Two of these trials utilized short
duration training bouts (<25 min), whereas the average time needed
was over 60 min for the largest effect. These factors make it difficult
to determine the contribution of different intervention characteristics
and it is important that future trials clearly distinguish these variables
to enable a better understanding of resistance training intervention
designs that maximize treatment outcomes.

5 | LIMITATIONS

Notable limitations for this review were the high heterogeneity in
effects between studies and study characteristics and the small
number of studies precluded further subgroup analyses or meta-
regressions. We limited the search to only English language publica-
tions. Additionally, three trials included participants with comorbid-
ities which may add confounding medical conditions (EIDeeb
et al., 2020; Nazari et al., 2020; Vizza et al., 2016), however in two of
these trials, depression and/or anxiety symptoms were a primary out-

come rather than management of the alternate medical condition.

6 | CONCLUSION AND FUTURE
DIRECTIONS

Whilst many publications include a broad overview of intervention
design characteristics, future trials should consider a more thorough
reporting of resistance training prescription variables as well as long-
term follow up assessments to facilitate a smooth translation to clini-
cal practice. One such example would be to report methodology and
results with a TIDieR checklist (Hoffmann et al., 2014). In addition,
other factors that influence engagement in exercise, such as enjoy-
ment or positive affect, are not typically considered in exercise
guidelines or intervention design. Prescribing exercise that focuses on
maximizing the participants' enjoyment of the movement and the
affective response during and after exercise, are novel approaches
that may be used to promote adherence and long term participation
(M C. Pascoe & Parker, 2022; Rhodes & Kates, 2015; Van Landuyt
et al., 2000; Woessner et al. 2021). While supervised resistance train-
ing can improve depressive and anxiety symptoms in a controlled trial

environment, there remains a gap in the implementation of exercise-

based interventions in routine mental health care due to accessibility
(Lederman et al., 2017) and cultural attitudes towards incorporating
physical health interventions within treatments (Suetani et al., 2016).
There is a need to explore various delivery options across interven-
tions, such as a gradual reduction in supervision, combination of
supervised with unsupervised delivery and collaboration with other
professionals (e.g., personal trainers, exercise physiology students, or
mental-health staff) to overcome accessibility and feasibility barriers
(Lederman et al., 2017).

In summary, this quantitative synthesis of the literature dem-
onstrated the significant positive effect that resistance training can
provide, across a range of settings, to young people experiencing
clinically elevated depression or anxiety symptoms. Given the low
number of trials and high heterogeneity, additional RCT-designed
studies are warranted to translate these results into clinical prac-
tice. For practitioners, resistance training can be considered an
effective clinical exercise intervention in the treatment of young
people with clinically elevated symptoms of depression and
anxiety.

ACKNOWLEDGEMENT

Open access publishing facilitated by Victoria University, as part of
the Wiley - Victoria University agreement via the Council of Austra-
lian University Librarians.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

ORCID

Alexandra G. Parker "= https://orcid.org/0000-0002-2398-6306

REFERENCES

American College of Sports Medicine. (2013). ACSM's guidelines for exercise
testing and prescription. Lippincott Williams & Wilkins.

Asmundson, G. J.,, Fetzner, M. G., DeBoer, L. B.,, Powers, M. B,
Otto, M. W.,, & Smits, J. A. (2013). Let's get physical: A contemporary
review of the anxiolytic effects of exercise for anxiety and its disor-
ders. Depression and Anxiety, 30(4), 362-373. https://doi.org/10.
1002/da.22043

Australian Bureau of Statistics. (2021). Health conditions prevalence.
Retrieved from  https://www.abs.gov.au/statistics/health/health-
conditions-and-risks/health-conditions-prevalence/2020-21

Australian Bureau of Statistics. (2022). National Study of mental health
and wellbeing. Retrieved from https://www.abs.gov.au/statistics/
health/mental-health/national-study-mental-health-and-wellbeing/
latest-release

Australian Institute of Health and Welfare. (2018). Physical activity across
the life stages. Cat. no. PHE 225. AIHW. Retrieved from https://www.
aihw.gov.au/reports/physical-activity/physical-activity-across-the-life-
stages/contents/table-of-contents

Australian Instutute of Health and Welfare. (2023). Prevalence and impact
of mental illness. Retrieved from https://www.aihw.gov.au/mental-
health/topic-areas/mental-illness

85UB017 SUOWIWIOD BA11E81D) 3]t [dde 8y} Aq pausenob ke Sapie O ‘8sn J0 S9IN1 10} ARIq1T 8UIUO A8|IA LD (SUONIPUOD-PUR-SLLIBI WD A8 1M AR1q 1 U1 |UO//:STY) SUORIPUOD PUe SWIS | 841 88S " [20Z/0T/LT] U0 AkelqiTauljuo (1M ‘|10UN0D Yo1eessy [B9IPSIN PUY UifeeH [euotieN Ad 8ZGET dB/TTTT'0T/I0p/W00 A8 | Akeiq pul|uo//sdiy Wwoly pepeojumoqd '8 ‘vZ0g '€68LTS.LT


https://orcid.org/0000-0002-2398-6306
https://orcid.org/0000-0002-2398-6306
https://doi.org/10.1002/da.22043
https://doi.org/10.1002/da.22043
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/health-conditions-prevalence/2020-21
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/health-conditions-prevalence/2020-21
https://www.abs.gov.au/statistics/health/mental-health/national-study-mental-health-and-wellbeing/latest-release
https://www.abs.gov.au/statistics/health/mental-health/national-study-mental-health-and-wellbeing/latest-release
https://www.abs.gov.au/statistics/health/mental-health/national-study-mental-health-and-wellbeing/latest-release
https://www.aihw.gov.au/reports/physical-activity/physical-activity-across-the-life-stages/contents/table-of-contents
https://www.aihw.gov.au/reports/physical-activity/physical-activity-across-the-life-stages/contents/table-of-contents
https://www.aihw.gov.au/reports/physical-activity/physical-activity-across-the-life-stages/contents/table-of-contents
https://www.aihw.gov.au/mental-health/topic-areas/mental-illness
https://www.aihw.gov.au/mental-health/topic-areas/mental-illness

¢ | WILEY

MARINELLI ET AL.

Bailey, A., Hetrick, S., Rosenbaum, S., Purcell, R., & Parker, A. (2018). Treat-
ing depression with physical activity in adolescents and young adults:
A systematic review and meta-analysis of randomised controlled trials.
Psychological Medicine, 48(7), 1068-1083. https://doi.org/10.1017/
50033291717002653

Balduzzi, S., Rucker, G., & Schwarzer, G. (2019). How to perform a meta-
analysis with R: A practical tutorial. Evidence-Based Mental Health,
22(4), 153-160. https://doi.org/10.1136/ebmental-2019-300117

Barahona-Fuentes, G., Huerta Ojeda, A., & Chirosa-Rios, L. (2021). Effects
of training with different modes of strength intervention on psychoso-
cial disorders in adolescents: A systematic review and meta-analysis.
International Journal of Environmental Research and Public Health,
18(18), 9477. https://doi.org/10.3390/ijerph18189477

Bartley, C. A, Hay, M., & Bloch, M. H. (2013). Meta-analysis: Aerobic exer-
cise for the treatment of anxiety disorders. Progress in Neuro-
Psychopharmacology and Biological Psychiatry, 45, 34-39. https://doi.
org/10.1016/j.pnpbp.2013.04.016

Borenstein, M., & Hedges, L. V. (2009). Effect sizes for meta-analysis. In H.
Cooper, L. Hedges, & J. Valentine (Eds.), The handbook of research syn-
thesis and meta-analysis (2nd ed., pp. 299-314). Russell Sage
Foundation.

Carneiro, L., Afonso, J.,, Ramirez-Campillo, R., Murawska-Ciatowciz, E.,
Marques, A., & Clemente, F. M. (2020). The effects of exclusively resis-
tance training-based supervised programs in people with depression:
A systematic review and meta-analysis of randomized controlled trials.
International Journal of Environmental Research and Public Health,
17(18), 6715. https://doi.org/10.3390/ijerph17186715

Carter, T., Morres, I. D., Meade, O., & Callaghan, P. (2016). The effect of exer-
cise on depressive symptoms in adolescents: A systematic review and
meta-analysis. Journal of the American Academy of Child & Adolescent Psy-
chiatry, 55(7), 580-590. https://doi.org/10.1016/jjaac.2016.04.016

Carter, T., Guo, B., Turner, D., Morres, |, Khalil, E., Brighton, E.
Armstrong, M., & Callaghan, P. (2015). Preferred intensity exercise for
adolescents receiving treatment for depression: A pragmatic random-
ised controlled trial. BioMed Central Psychiatry, 15(1), 1-12. https://
doi.org/10.1186/s12888-015-0638-z

Cassilhas, R. C., Antunes, H. K. M., Tufik, S., & De Mello, M. T. (2010).
Mood, anxiety, and serum IGF-1 in elderly men given 24 weeks of high
resistance exercise. Perceptual and Motor Skills, 110(1), 265-276.
https://doi.org/10.2466/pms.110.1.265-276

Cohen, J. (2013). Statistical power analysis for the behavioral sciences.
Routledge.

Cooney, G. M. Dwan, K, Greig, C. A, Lawlor, D. A, Rimer, J.,
Waugh, F. R., McMurdo, M., & Mead, G. E. (2013). Exercise for depres-
sion. Cochrane Database of Systematic Reviews, 2013(9), CD004366.
https://doi.org/10.1002/14651858.CD004366.pubb

Correll, C. U, Solmi, M., Veronese, N., Bortolato, B., Rosson, S.,
Santonastaso, P., Thapa-Chhetri, N., Fornaro, M., Gallicchio, D., Collan-
toni, E., Pigato, G., Favaro, A., Monaco, F., Kohler, C., Vancampfort, D.,
Ward, P., Gaughran, F., Carvalho, A., & Stubbs, B. (2017). Prevalence,
incidence and mortality from cardiovascular disease in patients with
pooled and specific severe mental illness: A large-scale meta-analysis
of 3,211,768 patients and 113,383,368 controls. World Psychiatry,
16(2), 163-180. https://doi.org/10.1002/wps.20420

Cotman, C. W., Berchtold, N. C., & Christie, L.-A. (2007). Exercise builds
brain health: Key roles of growth factor cascades and inflammation.
Trends in Neurosciences, 30(9), 464-472. https://doi.org/10.1016/j.
tins.2007.06.011

Crewther, B. T., Cook, C., Cardinale, M., Weatherby, R. P., & Lowe, T.
(2011). Two emerging concepts for elite athletes: The short-term
effects of testosterone and cortisol on the neuromuscular system and
the dose-response training role of these endogenous hormones. Sports
Medicine, 41, 103-123. https://doi.org/10.2165/11539170-0000
00000-00000

Danielsson, L., Noras, A. M., Waern, M., & Carlsson, J. (2013). Exercise in
the treatment of major depression: A systematic review grading the
quality of evidence. Physiotherapy Theory and Practice, 29(8), 573-585.
https://doi.org/10.3109/09593985.2013.774452

De Vries, Y. A, De Jonge, P, van den Heuvel, E., Turner, E. H., &
Roest, A. M. (2016). Influence of baseline severity on antidepressant
efficacy for anxiety disorders: Meta-analysis and meta-regression. The
British Journal of Psychiatry, 208(6), 515-521. https://doi.org/10.
1192/bjp.bp.115.173450

Dishman, R. K., Hales, D. P., Pfeiffer, K. A, Felton, G. A., Saunders, R,,
Ward, D. S., Dowda, M., Pate, R. R. (2006). Physical self-concept and
self-esteem mediate cross-sectional relations of physical activity
and sport participation with depression symptoms among adolescent
girls. Health Psychology, 25(3), 396-407. https://doi.org/10.1037/
0278-6133.25.3.396

Dunn, A. L., Trivedi, M. H., Kampert, J. B., Clark, C. G., & Chambliss, H. O.
(2005). Exercise treatment for depression: Efficacy and dose response.
American Journal of Preventive Medicine, 28(1), 1-8. https://doi.org/10.
1016/j.amepre.2004.09.003

Eldawlatly, A., Alshehri, H., Algahtani, A., Ahmad, A., Al-Dammas, F., &
Marzouk, A. (2018). Appearance of population, intervention, compari-
son, and outcome as research question in the title of articles of three
different anesthesia journals: A pilot study. Saudi Journal of Anaesthe-
sia, 12(2), 283-286. https://doi.org/10.4103/sja.SJIA_767_17

ElDeeb, A. M., Atta, H. K., & Osman, D. A. (2020). Effect of whole body
vibration versus resistive exercise on premenstrual symptoms in ado-
lescents with premenstrual syndrome. Bulletin of Faculty of Physical
Therapy, 25(1), 1-6. https://doi.org/10.1186/s43161-020-00002-y

Fried, E. I., & Nesse, R. M. (2015). Depression is not a consistent syn-
drome: An investigation of unique symptom patterns in the STAR* D
study. Journal of Affective Disorders, 172, 96-102. https://doi.org/10.
1016/j.jad.2014.10.010

Gordon, B. R., McDowell, C. P., Hallgren, M., Meyer, J. D., Lyons, M., &
Herring, M. P. (2018). Association of efficacy of resistance exercise
training with depressive symptoms: Meta-analysis and meta-
regression analysis of randomized clinical trials. Archives of Neurology
and Archives of General Psychiatry, 75(6), 566-576. https://doi.org/10.
1001/jamapsychiatry.2018.0572

Gordon, B. R., McDowell, C. P., Lyons, M., & Herring, M. P. (2017). The
effects of resistance exercise training on anxiety: A meta-analysis and
meta-regression analysis of randomized controlled trials. Sports Medi-
cine, 47(12), 2521-2532. https://doi.org/10.1007/s40279-017-
0769-0

Gordon, B. R., McDowell, C. P., Lyons, M., & Herring, M. P. (2022). The
effects of acute resistance exercise among young adults: A random-
ized controlled trial. Journal of Affective Disorders, 299, 102-107.
https://doi.org/10.1016/j.jad.2021.11.049

Guyatt, G. H., Oxman, A. D., Vist, G. E., Kunz, R., Falck-Ytter, Y., Alonso-
Coello, P., & Schiinemann, H. J. (2008). GRADE: An emerging consen-
sus on rating quality of evidence and strength of recommendations.
British Medical Journal, 336(7650), 924-926. https://doi.org/10.1136/
bmj.39489.470347.AD

Harville, D. A. (1977). Maximum likelihood approaches to variance compo-
nent estimation and to related problems. Journal of the American Statis-
tical  Association, 72(358), 320-338. https://doi.org/10.1080/
01621459.1977.10480998

Hausenblas, H. A., & Fallon, E. A. (2006). Exercise and body image: A
meta-analysis. Psychology and Health, 21(1), 33-47. https://doi.org/
10.1080/14768320500105270

Hedges, L. V. (1981). Distribution theory for Glass's estimator of effect
size and related estimators. Journal of Educational Statistics, 6(2), 107 -
128. https://doi.org/10.3102/10769986006002107

Herring, M. P. (2018). Chapter 2 - exercise for the Management of Anxiety
and Stress-Related Disorders. In B. Stubbs & S. Rosenbaum (Eds.),

85UB017 SUOWIWIOD BA11E81D) 3]t [dde 8y} Aq pausenob ke Sapie O ‘8sn J0 S9IN1 10} ARIq1T 8UIUO A8|IA LD (SUONIPUOD-PUR-SLLIBI WD A8 1M AR1q 1 U1 |UO//:STY) SUORIPUOD PUe SWIS | 841 88S " [20Z/0T/LT] U0 AkelqiTauljuo (1M ‘|10UN0D Yo1eessy [B9IPSIN PUY UifeeH [euotieN Ad 8ZGET dB/TTTT'0T/I0p/W00 A8 | Akeiq pul|uo//sdiy Wwoly pepeojumoqd '8 ‘vZ0g '€68LTS.LT


https://doi.org/10.1017/S0033291717002653
https://doi.org/10.1017/S0033291717002653
https://doi.org/10.1136/ebmental-2019-300117
https://doi.org/10.3390/ijerph18189477
https://doi.org/10.1016/j.pnpbp.2013.04.016
https://doi.org/10.1016/j.pnpbp.2013.04.016
https://doi.org/10.3390/ijerph17186715
https://doi.org/10.1016/j.jaac.2016.04.016
https://doi.org/10.1186/s12888-015-0638-z
https://doi.org/10.1186/s12888-015-0638-z
https://doi.org/10.2466/pms.110.1.265-276
https://doi.org/10.1002/14651858.CD004366.pub6
https://doi.org/10.1002/wps.20420
https://doi.org/10.1016/j.tins.2007.06.011
https://doi.org/10.1016/j.tins.2007.06.011
https://doi.org/10.2165/11539170-000000000-00000
https://doi.org/10.2165/11539170-000000000-00000
https://doi.org/10.3109/09593985.2013.774452
https://doi.org/10.1192/bjp.bp.115.173450
https://doi.org/10.1192/bjp.bp.115.173450
https://doi.org/10.1037/0278-6133.25.3.396
https://doi.org/10.1037/0278-6133.25.3.396
https://doi.org/10.1016/j.amepre.2004.09.003
https://doi.org/10.1016/j.amepre.2004.09.003
https://doi.org/10.4103/sja.SJA_767_17
https://doi.org/10.1186/s43161-020-00002-y
https://doi.org/10.1016/j.jad.2014.10.010
https://doi.org/10.1016/j.jad.2014.10.010
https://doi.org/10.1001/jamapsychiatry.2018.0572
https://doi.org/10.1001/jamapsychiatry.2018.0572
https://doi.org/10.1007/s40279-017-0769-0
https://doi.org/10.1007/s40279-017-0769-0
https://doi.org/10.1016/j.jad.2021.11.049
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1080/01621459.1977.10480998
https://doi.org/10.1080/01621459.1977.10480998
https://doi.org/10.1080/14768320500105270
https://doi.org/10.1080/14768320500105270
https://doi.org/10.3102/10769986006002107

MARINELLI ET AL.

WILEY_L*7

Exercise-based interventions for mental illness: Physical activity as part of
clinical treatment (pp. 19-52). Academic Press.

Herring, M. P., Jacob, M. L., Suveg, C., & O'Connor, P. J. (2011). Effects of
short-term exercise training on signs and symptoms of generalized
anxiety disorder. Mental Health and Physical Activity, 4(2), 71-77.

Hetrick, S. E., Parker, A. G., Callahan, P., & Purcell, R. (2010). Evidence
mapping: lllustrating an emerging methodology to improve evidence-
based practice in youth mental health. Journal of Evaluation in Clinical
Practice, 16(6), 1025-1030. https://doi.org/10.1111/j.1365-2753.
2008.01112.x

Higgins, J. P., Thomas, J., Chandler, J., Cumpston, M., Li, T., & Page, M. J.
(2019). & Welch (Vol. V. A). John Wiley & Sons.

Hilyer, J. C., Wilson, D. G,, Dillon, C., Caro, L., Jenkins, C., Spencer, W. A,,
Meadows, M. E., & Booker, W. (1982). Physical fitness training and
counseling as treatment for youthful offenders. Journal of Counseling Psy-
chology, 29(3), 292-303. https://doi.org/10.1037/0022-0167.29.3.292

Hoffmann, T. C., Glasziou, P. P., Boutron, I, Milne, R., Perera, R.,
Moher, D., Altman, D., Barbour, V., Macdonald, H., Johnston, M.,
Lamb, S., Dixon-Woods, M., McCulloch, P., Wyatt, J., Chan, A., Scien-
tist, P., & Michie, S. (2014). Better reporting of interventions: Tem-
plate for intervention description and replication (TIDieR) checklist
and guide. British Medical Journal, 348, g1687. https://doi.org/10.
1136/bmj.g1687

Hofmann, S. G., & Smits, J. A. (2008). Cognitive-behavioral therapy for
adult anxiety disorders: A meta-analysis of randomized placebo-
controlled trials. Journal of Clinical Psychiatry, 69(4), 621-632. https://
doi.org/10.4088/jcp.v69n0415

Hughes, C. W., Barnes, S., Barnes, C., DeFina, L. F., Nakonezny, P., &
Emslie, G. J. (2013). Depressed adolescents treated with exercise
(DATE): A pilot randomized controlled trial to test feasibility and
establish preliminary effect sizes. Mental Health and Physical Activity,
6(2), 119-131. https://doi.org/10.1016/j.mhpa.2013.06.006

Jacquelin, L., Madelaine, G., Vila-Rodriguez, F., Puterman, E., &
Faulkner, G. (2021). Efficacy of exercise combined with standard treat-
ment for depression compared to standard treatment alone: A system-
atic review and meta-analysis of randomized controlled trials. Journal
of Affective Disorders, 295, 1494-1511. https://doi.org/10.1016/j.jad.
2021.09.043

Jaworska, N., Courtright, A. K, De Somma, E., MacQueen, G. M., &
MacMaster, F. P. (2019). Aerobic exercise in depressed youth: A feasi-
bility and clinical outcomes pilot. Early Intervention in Psychiatry, 13(1),
128-132. https://doi.org/10.1111/eip.12537

Jayakody, K., Gunadasa, S., & Hosker, C. (2014). Exercise for anxiety disor-
ders: Systematic review. British Journal of Sports Medicine, 48(3), 187-
196. https://doi.org/10.1136/bjsports-2012-091287

Knol, M. J., Twisk, J. W., Beekman, A. T., Heine, R. J., Snoek, F. J,, &
Pouwer, F. (2006). Depression as a risk factor for the onset of type
2 diabetes mellitus. A Meta-Analysis. Diabetologia, 49(5), 837-845.
https://doi.org/10.1007/s00125-006-0159-x

Kramer, A. F., & Colcombe, S. (2018). Fitness effects on the cognitive func-
tion of older adults: A meta-analytic study—Revisited. Perspectives on
Psychological Science, 13(2), 213-217. https://doi.org/10.1177/
1745691617707316

Larun, L., Nordheim, L. V., Ekeland, E., Hagen, K. B., & Heian, F. (2006).
Exercise in prevention and treatment of anxiety and depression among
children and young people. Cochrane Database of Systematic Reviews,
3(3), CD004691. https://doi.org/10.1002/14651858.CD004691.pub2

Lawrence, D., Hancock, K. J., & Kisely, S. (2013). The gap in life expectancy
from preventable physical illness in psychiatric patients in Western
Australia: Retrospective analysis of population based registers. British
Medical Journal, 346, 1-14. https://doi.org/10.1136/bmj.f2539

Lawrence, D., Johnson, S., Hafekost, J.,, Boterhoven de Haan, K.,
Sawyer, M., Ainley, J., & Zubrick, S. R. (2015). The mental health of chil-
dren and adolescents: Report on the second Australian child and adoles-
cent survey of mental health and wellbeing. Department of Health.

Lederman, O., Suetani, S. Stanton, R., Chapman, J., Korman, N,
Rosenbaum, S., Ward, P., & Siskind, D. (2017). Embedding exercise
interventions as routine mental health care: Implementation strategies
in residential, inpatient and community settings. Australasian Psychia-
try, 25(5), 451-455. https://doi.org/10.1177/1039856217711054

Lett, H. S., Blumenthal, J. A., Babyak, M. A., Sherwood, A., Strauman, T.,
Robins, C., & Newman, M. F. (2004). Depression as a risk factor for
coronary artery disease: Evidence, mechanisms, and treatment. Psy-
chosomatic Medicine, 66(3), 305-315. https://doi.org/10.1097/01.psy.
0000126207.43307.cO

Mammen, G., & Faulkner, G. (2013). Physical activity and the prevention
of depression: A systematic review of prospective studies. American
Journal of Preventive Medicine, 45(5), 649-657. https://doi.org/10.
1016/j.amepre.2013.08.001

Martinsen, E. W., Hoffart, A., & Solberg, @. Y. (1989). Aerobic and non-
aerobic forms of exercise in the treatment of anxiety disorders. Stress
Medicine, 5(2), 115-120. https://doi.org/10.1002/smi.2460050209

McCann, I. L., & Holmes, D. S. (1984). Influence of aerobic exercise on
depression. Journal of Personality and Social Psychology, 46(5), 1142-
1147. https://doi.org/10.1037/0022-3514.46.5.1142

Meyer, J., & Schuch, F. B. (2018). Exercise for the prevention and treat-
ment of depression. In B. Stubbs & S. Rosenbaum (Eds.), Exercise-based
interventions for mental illness (pp. 1-18). Academic Press.

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & Group, P. (2009).
Reprint—Preferred reporting items for systematic reviews and meta-
analyses: The PRISMA statement. Physical Therapy, 89(9), 873-880.
https://doi.org/10.7326/0003-4819-151-4-200908180-00135

Moore, G., Durstine, J. L., & Painter, P. (2016). ACSM's exercise Manage-
ment for Persons with chronic diseases and disabilities (4th ed.). Human
Kinetics.

Morris, S. B. (2008). Estimating effect sizes from pretest-posttest-control
group designs. Organizational Research Methods, 11(2), 364-386.
https://doi.org/10.1177/1094428106291059

Murad, M. H., Wang, Z., Chu, H., & Lin, L. (2019). When continuous out-
comes are measured using different scales: Guide for meta-analysis
and interpretation. British Medical Journal, 364, k4817. https://doi.org/
10.1136/bm;j.k4817

Nagamatsu, L. S., Handy, T. C,, Hsu, C. L., Voss, M., & Liu-Ambrose, T.
(2012). Resistance training promotes cognitive and functional brain
plasticity in seniors with probable mild cognitive impairment. Archives
of Internal Medicine, 172(8), 666-668. https://doi.org/10.1001/
archinternmed.2012.379

Nazari, M., Shabani, R, & Dalili, S. (2020). The effect of concurrent
resistance-aerobic training on serum cortisol level, anxiety, and quality
of life in pediatric type 1 diabetes. Journal of Pediatric Endocrinology
and Metabolism, 33(5), 599-604. https://doi.org/10.1515/jpem-2019-
0526

Nystrém, M. B., Neely, G., Hassmén, P., & Carlbring, P. (2015). Treating
major depression with physical activity: A systematic overview with
recommendations. Cognitive Behaviour Therapy, 44(4), 341-352.
https://doi.org/10.1080/16506073.2015.1015440

O'Connor, P. J., Herring, M., & Caravalho, A. (2009). Mental health benefits
of strength training in adults. American Journal of Lifestyle Medicine,
4(5), 377-396. https://doi.org/10.1177/1559827610368771

Pascoe, M. C., Bailey, A. P., Craike, M. Carter, T. Patten, R,
Stepto, N. K., & Parker, A. G. (2020). Exercise interventions for mental
disorders in young people: A scoping review. British Medical Journal
Open Sport & Exercise Medicine, é(1), €000678.

Pascoe, M. C., & Parker, A. G. (2022). Physical activity for young people
with mental illness. In J. Feehan, N. Tripodi, & V. Apostolopoulos
(Eds.), Exercise to prevent and manage chronic disease across the lifespan.
Academic Press Elsevier.

Patel, V., Flisher, A. J., Hetrick, S., & McGorry, P. (2007). Mental health of
young people: A global public-health challenge. The Lancet, 369(9569),
1302-1313. https://doi.org/10.1016/5S0140-6736(07)60368-7

85UB017 SUOWIWIOD BA11E81D) 3]t [dde 8y} Aq pausenob ke Sapie O ‘8sn J0 S9IN1 10} ARIq1T 8UIUO A8|IA LD (SUONIPUOD-PUR-SLLIBI WD A8 1M AR1q 1 U1 |UO//:STY) SUORIPUOD PUe SWIS | 841 88S " [20Z/0T/LT] U0 AkelqiTauljuo (1M ‘|10UN0D Yo1eessy [B9IPSIN PUY UifeeH [euotieN Ad 8ZGET dB/TTTT'0T/I0p/W00 A8 | Akeiq pul|uo//sdiy Wwoly pepeojumoqd '8 ‘vZ0g '€68LTS.LT


https://doi.org/10.1111/j.1365-2753.2008.01112.x
https://doi.org/10.1111/j.1365-2753.2008.01112.x
https://doi.org/10.1037/0022-0167.29.3.292
https://doi.org/10.1136/bmj.g1687
https://doi.org/10.1136/bmj.g1687
https://doi.org/10.4088/jcp.v69n0415
https://doi.org/10.4088/jcp.v69n0415
https://doi.org/10.1016/j.mhpa.2013.06.006
https://doi.org/10.1016/j.jad.2021.09.043
https://doi.org/10.1016/j.jad.2021.09.043
https://doi.org/10.1111/eip.12537
https://doi.org/10.1136/bjsports-2012-091287
https://doi.org/10.1007/s00125-006-0159-x
https://doi.org/10.1177/1745691617707316
https://doi.org/10.1177/1745691617707316
https://doi.org/10.1002/14651858.CD004691.pub2
https://doi.org/10.1136/bmj.f2539
https://doi.org/10.1177/1039856217711054
https://doi.org/10.1097/01.psy.0000126207.43307.c0
https://doi.org/10.1097/01.psy.0000126207.43307.c0
https://doi.org/10.1016/j.amepre.2013.08.001
https://doi.org/10.1016/j.amepre.2013.08.001
https://doi.org/10.1002/smi.2460050209
https://doi.org/10.1037/0022-3514.46.5.1142
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.1177/1094428106291059
https://doi.org/10.1136/bmj.k4817
https://doi.org/10.1136/bmj.k4817
https://doi.org/10.1001/archinternmed.2012.379
https://doi.org/10.1001/archinternmed.2012.379
https://doi.org/10.1515/jpem-2019-0526
https://doi.org/10.1515/jpem-2019-0526
https://doi.org/10.1080/16506073.2015.1015440
https://doi.org/10.1177/1559827610368771
https://doi.org/10.1016/S0140-6736(07)60368-7

| WILEY

MARINELLI ET AL.

Polanczyk, G. V., Salum, G. A, Sugaya, L. S., Caye, A, & Rohde, L. A.
(2015). Annual research review: A meta-analysis of the worldwide
prevalence of mental disorders in children and adolescents. Journal of
Child Psychology and Psychiatry, 56(3), 345-365. https://doi.org/10.
1111/jcpp.12381

Radovic, S., Gordon, M. S., & Melvin, G. A. (2017). Should we recommend
exercise to adolescents with depressive symptoms? A meta-analysis.
Journal of Paediatrics and Child Health, 53(3), 214-220. https://doi.
org/10.1111/jpc.13426

Rhodes, R. E., & Kates, A. (2015). Can the affective response to exercise
predict future motives and physical activity behavior? A systematic
review of published evidence. Annals of Behavioral Medicine, 49(5),
715-731. https://doi.org/10.1007/512160-015-9704-5

Rodriguez-Ayllon, M., Cadenas-Sanchez, C., Estévez-Lépez, F,
Munoz, N. E., Mora-Gonzalez, J., Migueles, J. H., Molina-Garcia, P.,
Henriksson, H., Mena-Molina, A., Martinez-Vizcaino, V., Catena, A,
Lof, M., Erickson, K., Lubans, D., Ortega, F., & Esteban-Cornejo, I. V.
(2019). Role of physical activity and sedentary behavior in the mental
health of preschoolers, children and adolescents: A systematic review
and meta-analysis. Sports Medicine, 49(9), 1383-1410.

Rutter, M., Graham, P., Chadwick, O. F., & Yule, W. (1976). Adolescent turmoil:
Fact or fiction? Journal of Child Psychology and Psychiatry, 17(1), 35-56.
Schoevers, R. A, Deeg, D., Van Tilburg, W., & Beekman, A. (2005). Depres-
sion and generalized anxiety disorder: Co-occurrence and longitudinal
patterns in elderly patients. The American Journal of Geriatric Psychiatry,

13(1), 31-39. https://doi.org/10.1097/00019442-200501000-00006

Schuch, F. B., Vancampfort, D., Richards, J., Rosenbaum, S., Ward, P. B., &
Stubbs, B. (2016). Exercise as a treatment for depression: A meta-
analysis adjusting for publication bias. Journal of Psychiatric Research,
77,42-51. https://doi.org/10.1016/j.jpsychires.2016.02.023

Sterne, J. A., & Harbord, R. M. (2004). Funnel plots in meta-analysis. The Stata
Journal, 4(2), 127-141. https://doi.org/10.1177/1536867X0400400204

Sterne, J. A, Savovi¢, J., Page, M. J., Elbers, R. G., Blencowe, N. S.,
Boutron, 1., Cates, C. J., Cheng, H. Y., Corbett, M. S., Eldridge, S. M., &
Emberson, J. R. (2019). RoB 2: A revised tool for assessing risk of bias
in randomised trials. British Medical Journal, 366, 14898. https://doi.
org/10.1136/bm;j.l4898

Strickland, J. C., & Smith, M. A. (2014). The anxiolytic effects of resistance
exercise. Frontiers in Psychology, 5, 753. https://doi.org/10.3389/
fpsyg.2014.00753

Stubbs, B., Vancampfort, D., Rosenbaum, S., Firth, J., Cosco, T.,
Veronese, N., Salum, G., & Schuch, F. B. (2017). An examination of the
anxiolytic effects of exercise for people with anxiety and stress-related
disorders: A meta-analysis. Psychiatry Research, 249, 102-108.
https://doi.org/10.1016/j.psychres.2016.12.020

Suetani, S., Rosenbaum, S., Scott, J., Curtis, J., & Ward, P. (2016). Bridging
the gap: What have we done and what more can we do to reduce the
burden of avoidable death in people with psychotic illness? Epidemiol-
ogy and Psychiatric Sciences, 25(3), 205-210. https://doi.org/10.1017/
$2045796015001043

Suhrcke, M., Pillas, D., & Selai, C. (2008). Economic aspects of mental health
in children and adolescents. Social cohesion for mental well-being
among adolescents.

Trujillo, C. M. (1983). The effect of weight training and running exercise
intervention programs on the self-esteem of college women. Interna-
tional Journal of Sport Psychology, 14(3), 162-173. https://psycnet.apa.
org/record/1984-30789-001

US Department of Health and Human Services. (2018). PAG advisory com-
mittee. Physical Activity Guideline Advisory Committee Scientific
Report.

Van Landuyt, L. M., Ekkekakis, P., Hall, E. E., & Petruzzello, S. J. (2000).
Throwing the mountains into the lakes: On the perils of nomothetic
conceptions of the exercise-affect relationship. Journal of Sport and
Exercise Psychology, 22(3), 208-234. https://doi.org/10.1123/jsep.22.
3.208

Vizza, L., Smith, C. A., Swaraj, S., Agho, K., & Cheema, B. S. (2016). The fea-
sibility of progressive resistance training in women with polycystic
ovary syndrome: A pilot randomized controlled trial. BioMed Central
Sports Science, Medicine and Rehabilitation, 8(1), 1-12. https://doi.org/
10.1186/513102-016-0039-8

Vos, T., Allen, C., Arora, M., Barber, R. M., Bhutta, Z. A, Brown, A,
Carter, C., Casey, D., Charlson, F., Chen, A., Coggeshall, M., Cornaby, L.,
Dandona, L., Dicker, D. Dilegge, T. Erskine, H., Ferrari, A,
Fitzmaurice, C., Flemming, T., ... Murray, C. (2016). Global, regional, and
national incidence, prevalence, and years lived with disability for 310
diseases and injuries, 1990-2015: A systematic analysis for the global
burden of disease study 2015. The Lancet, 388(10053), 1545-1602.
https://doi.org/10.1016/50140-6736(16)31678-6

Wegner, M., Amatriain-Fernandez, S., Kaulitzky, A., Murillo-Rodriguez, E.,
Machado, S., & Budde, H. (2020). Systematic review of meta-analyses:
Exercise effects on depression in children and adolescents. Frontiers in
Psychiatry, 11:81. https://doi.org/10.3389/fpsyt.2020.00081

Williams, P. A., & Cash, T. F. (2001). Effects of a circuit weight training pro-
gram on the body images of college students. International Journal of
Eating Disorders, 30(1), 75-82.

Woessner, M. N., Tacey, A., Levinger-Limor, A., Parker, A. G., Levinger, P.,
& Levinger, 1. (2021). The Evolution of Technology and Physical Inac-
tivity: The Good, the Bad, and the Way Forward. Frontiers in Public
Health, 9. https://doi.org/10.3389/fpubh.2021.655491

Woolery, A.,, Myers, H., Stemliebm, B., & Zeltzer, L. (2004). A yoga inter-
vention for young adults with elevated symptoms of depression. Alter-
native Therapies in Health & Medicine, 10(2) Retrieved from http://ez.
library.latrobe.edu.au/login?url=https://www.proquest.com/scholarly-
journals/yoga-intervention-young-adults-with-elevated/docview/
204830395/se-2, 60-63.

World Health Organization. (2017). Depression and other common mental
disorders: Global Health estimates. World Health Organization.
Retrieved from https://www.who.int/publications/i/item/depression-
global-health-estimates

Wunram, H. L., Hamacher, S., Hellmich, M., Volk, M., Janicke, F., Reinhard, F.,
Bloch, W., Zimmer, P., Graf, C., Schénau, E., Lehmkuhl, G., Bender, S., &
Fricke, O. (2018). Whole body vibration added to treatment as usual is
effective in adolescents with depression: A partly randomized, three-
armed clinical trial in inpatients. European Child & Adolescent Psychiatry,
27(5), 645-662. https://doi.org/10.1007/s00787-017-1071-2

Zhang, Y., Li, G., Liu, C., Guan, J., Zhang, Y., & Shi, Z. (2023). Comparing the
efficacy of different types of exercise for the treatment and preven-
tion of depression in youths: A systematic review and network meta-
analysis. Frontiers in Psychiatry, 14, 1199510. https://doi.org/10.
3389/fpsyt.2023.1199510

Zhao, J. L., Jiang, W. T., Wang, X., Cai, Z. D., Liu, Z. H., & Liu, G. R. (2020).
Exercise, brain plasticity, and depression. CNS Neuroscience & Thera-
peutics, 26(9), 885-895. https://doi.org/10.1111/cns.13385

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Marinelli, R., Parker, A. G., Levinger, |.,
Bourke, M., Patten, R., & Woessner, M. N. (2024). Resistance
training and combined resistance and aerobic training as a
treatment of depression and anxiety symptoms in young
people: A systematic review and meta-analysis. Early
Intervention in Psychiatry, 18(8), 585-598. https://doi.org/10.
1111/eip.13528

85UB017 SUOWIWIOD BA11E81D) 3]t [dde 8y} Aq pausenob ke Sapie O ‘8sn J0 S9IN1 10} ARIq1T 8UIUO A8|IA LD (SUONIPUOD-PUR-SLLIBI WD A8 1M AR1q 1 U1 |UO//:STY) SUORIPUOD PUe SWIS | 841 88S " [20Z/0T/LT] U0 AkelqiTauljuo (1M ‘|10UN0D Yo1eessy [B9IPSIN PUY UifeeH [euotieN Ad 8ZGET dB/TTTT'0T/I0p/W00 A8 | Akeiq pul|uo//sdiy Wwoly pepeojumoqd '8 ‘vZ0g '€68LTS.LT


https://doi.org/10.1111/jcpp.12381
https://doi.org/10.1111/jcpp.12381
https://doi.org/10.1111/jpc.13426
https://doi.org/10.1111/jpc.13426
https://doi.org/10.1007/s12160-015-9704-5
https://doi.org/10.1097/00019442-200501000-00006
https://doi.org/10.1016/j.jpsychires.2016.02.023
https://doi.org/10.1177/1536867X0400400204
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.3389/fpsyg.2014.00753
https://doi.org/10.3389/fpsyg.2014.00753
https://doi.org/10.1016/j.psychres.2016.12.020
https://doi.org/10.1017/S2045796015001043
https://doi.org/10.1017/S2045796015001043
https://psycnet.apa.org/record/1984-30789-001
https://psycnet.apa.org/record/1984-30789-001
https://doi.org/10.1123/jsep.22.3.208
https://doi.org/10.1123/jsep.22.3.208
https://doi.org/10.1186/s13102-016-0039-8
https://doi.org/10.1186/s13102-016-0039-8
https://doi.org/10.1016/S0140-6736(16)31678-6
https://doi.org/10.3389/fpsyt.2020.00081
https://doi.org/10.3389/fpubh.2021.655491
http://ez.library.latrobe.edu.au/login?url=https://www.proquest.com/scholarly-journals/yoga-intervention-young-adults-with-elevated/docview/204830395/se-2
http://ez.library.latrobe.edu.au/login?url=https://www.proquest.com/scholarly-journals/yoga-intervention-young-adults-with-elevated/docview/204830395/se-2
http://ez.library.latrobe.edu.au/login?url=https://www.proquest.com/scholarly-journals/yoga-intervention-young-adults-with-elevated/docview/204830395/se-2
http://ez.library.latrobe.edu.au/login?url=https://www.proquest.com/scholarly-journals/yoga-intervention-young-adults-with-elevated/docview/204830395/se-2
https://www.who.int/publications/i/item/depression-global-health-estimates
https://www.who.int/publications/i/item/depression-global-health-estimates
https://doi.org/10.1007/s00787-017-1071-2
https://doi.org/10.3389/fpsyt.2023.1199510
https://doi.org/10.3389/fpsyt.2023.1199510
https://doi.org/10.1111/cns.13385
https://doi.org/10.1111/eip.13528
https://doi.org/10.1111/eip.13528

	Resistance training and combined resistance and aerobic training as a treatment of depression and anxiety symptoms in young...
	1  INTRODUCTION
	2  METHODS
	2.1  Protocol and registration
	2.2  Eligibility criteria
	2.3  Search strategy and data extraction
	2.4  Assessment of risk of bias and GRADE in included studies
	2.5  Data analysis

	3  RESULTS
	3.1  Assessment of risk of bias and GRADE in eligible studies
	3.2  Summary of articles
	3.3  Meta-analysis of depressive symptoms
	3.4  Meta-analysis of anxiety symptoms
	3.5  Narrative synthesis of intervention characteristics

	4  DISCUSSION
	5  LIMITATIONS
	6  CONCLUSION AND FUTURE DIRECTIONS
	ACKNOWLEDGEMENT
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


